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IMPACT OF CONTROLLED-RELEASE NITROGEN
FERTILIZERS ON AMMONIA VOLATILIZATION FROM
PADDY FIELDS UNDER WATER-SAVING IRRIGATION
Shihong Yang1,2,*, Jiwen Li3, Junzeng Xu1,2
1

State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing, P.R. China
2
College of Agricultural Engineering, Hohai University, Nanjing, P.R. China
3
College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing, P.R. China

ABSTRACT

INTRODUCTION

The impact of controlled-release nitrogen fertilizers (CRN) on ammonia volatilization from paddy
fields under water-saving irrigation is investigated.
The rice yield, nitrogen uptake, efficiency of water
and nitrogen fertilizer use, and ammonia volatilization from paddy fields with CRN and water-saving
irrigation were analyzed based on a two-year field
experiment. The results show that the application of
CRN reduced nitrogen fertilizer input by 29.77% and
decreased nitrogen uptake by 4.43%, but it maintained rice yields and significantly increased nitrogen recovery by 27.78% of paddy fields under watersaving irrigation. In addition, CRN substantially reduced the peak amounts and ammonia volatilization
rates of paddy fields under water-saving irrigation.
The ammonia volatilization rate of paddy fields in
the entire growth stage was significantly lower compared with those of traditional water and nitrogen
management (p<0.05). The slow-release characteristics of CRN prevented the weekly peaks of ammonia
volatilization from paddy fields under water-saving
irrigation and reduced total ammonia volatilization
ORVVE\FRPSDUHGZLWKWKRVHRIWKHIDUPHUV¶
fertilization practice. The period of rapid increase of
cumulative ammonia volatilization loss was within
30 days after transplanting when CRN management
was implemented. The first-order kinetic equation
can be used to predict the cumulative ammonia volatilization loss in paddy fields with different nitrogen fertilizer management scenarios under watersaving irrigation. The overall findings show that
CRN management is an effective technique for mitigating ammonia volatilization and maintaining rice
yields of paddy fields under water-saving irrigation.

Ammonia volatilization is the main source of
nitrogen loss in paddy fields [1]. Domestic and foreign studies have shown that ammonia volatilization
accounts 10%±60% of total nitrogen loss in such
cases [2]. On the one hand, ammonia volatilization
from paddy fields causes economic loss due to nitrogen input loss. On the other hand, the transfer of ammonia to the atmosphere causes serious environmental problems. Gaseous ammonia is one of the commonly known causes of soil acidification and water
eutrophication. In addition, ammonia in the atmosphere can damage the ozone layer [3].
To improve fertilizer use efficiency, China has
gradually promote the scale of production and sales
of controlled-release fertilizer following the developed countries (e.g., US, Japan, and Israel) [4-5].
Consequently, the main concern at present involves
the effect of the increased production of controlledrelease fertilizers [6-8]. The research focusing on the
environmental effects of controlled-release fertilizers is limited. Similarly, few studies have shown that
controlled-release fertilizers (CRN) can reduce ammonia volatilization from paddy fields with flooding
irrigation [9-12]. The use of CRN can reduce the
peak of ammonia volatilization and total ammonia
volatilization at higher rates compared with the use
of the common urea, as shown by the total ammonia
volatilization that was reduced by 42.98%±54.26%
in the early rice production and 27.84%±35.27% in
the late rice production in Hunan Province in China
[13]. Another study showed that the percentage of
applied nitrogen fertilizers emitted as ammonia volatilization in the CRN treatments was approximately 10% only relative to that of the conventional
urea treatments at the same N application rate [14].
In China, water-saving irrigation practices have
been regarded a basic national policy because of the
decreasing water availability for agriculture and the
increasing demand for rice [15]. Various modes of
water-saving irrigation management, including intermittent irrigation, controlled irrigation, flooding±
midseason drainage±frequent water logging with intermittent irrigation, and flooding±midseason drainage±reflooding±moist intermittent irrigation without

KEYWORDS:
Water irrigation, controlled-release nitrogen fertilizer,
Paddy field, Ammonia volatilization, Accumulation
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field experiment. In addition, the change of cumulative ammonia volatilization was revealed and simulated. The research results can provide a scientific
basis to improve the efficiency of nitrogen fertilizer
usage and reduce ammonia volatilization from paddy
fields under water-saving irrigation.

water logging, are currently practiced in paddy fields
in Southeast China [16-17]. One of the major watersaving irrigation practices in the country is controlled irrigation, which was initially proposed by Li
and Peng [18] and further developed by Peng [19].
During the rice growing season, the soil in paddy
fields under controlled irrigation remains in a nonflooded state and usually 60%±80% of the time; thus,
no standing water is found after the regreening of
rice seedlings except in periods of rain harvesting
and pesticide and fertilizer application [20]. This
finding is similar to that observed in the water management strategy used in the System of Rice Intensification [21-23]. Controlled irrigation has been
proven effective in saving water without causing
yield reduction [24] and thus widely adopted in at
least 7 million hectares of rice paddies in several
Chinese provinces, such as Jiangsu, Ningxia, and
Heilongjiang. The wet±dry cycles of water-saving irrigation changes the agro-ecosystem, including soil
properties, soil water cycle and transformations, soil
nitrogen transfers, and outputs. These changes will
likely result in different characteristics of ammonia
volatilization loss in paddy fields under water-saving
irrigation. Existing research has shown that controlled irrigation and intermitted irrigation can reduce ammonia volatilization loss in paddy fields [2526].
In summary, existing studies only focused on
the effect of CRN on ammonia volatilization from
paddy fields with flooding irrigation. Few research
has focused on the impact of CRN on ammonia volatilization from paddy fields under water-saving irrigation. The wet±dry cycles of water-saving irrigation will affect the reduction of ammonia volatilization by CRN. In this study, the effect of CRN on rice
yield, nitrogen uptake, efficiency of water and nitrogen fertilizer use, and rate and total loss of ammonia
volatilization from paddy fields under water-saving
irrigation were analyzed on the basis of a two-year

Upper limit c)
Lower limit
Observed root
zone depth (cm)

Experimental site. The study was conducted
in 2009 and 2010 on the paddy fields at the Kunshan
irrigation and drainage experiment station
ƍƍƍ1ƍƍƍ( LQWKH7DLKX Lake region
of China. The study area has a subtropical monsoon
climate with an average annual air temperature of
15.5 °C, a mean annual precipitation of 1.10×10 3
mm, and a frost-free period of 234 d year-í. The type
of soil on the top layer is hydragric anthrosol. The
saturation soil moistures of the top 0±20, 0±30, and
0±40 cm soil layers are 54.4%, 49.7%, and 47.8%,
respectively. The other physicochemical properties
of the soil in the 0±60 cm soil layer are shown in Table 1.
Experimental design. The experiment comprised one irrigation treatment (i.e., controlled irrigation (C)) and two nitrogen fertilizer treatments (i.e.,
IDUPHUV¶IHUWLOL]DWLRQSUDFWLFH ))3 DQG&51 7KXV
there were two treatment combinations (i.e., CF (C
and FFP) and CC (C and CRN)) in this study. A randomized complete block design with all two treatments and three replicates was established in 6 plots
of approximately 150 m2 (20 m × 7.5 m). The bunds
(30 cm wide at the base and 20 cm for the height)
were covered with plastic membranes, which were
inserted into the plough layer to a depth of 30 cm to
minimize hydrologic exchanges between adjacent
plots.

TABLE 1
Soil properties (g kgí1)
Total nitrogen
Total phosphorus
1.03
1.35

Organic matter
21.9

Limit

MATERIALS AND METHODS

Total potassium
20.9

TABLE 2
Controlled thresholds in different stages for controlled irrigation
T
J/B
H/F
M
Ga)
Initial
Middle
Late
25 mmb) 100%șs1 100%șs1 100%șs1 100%șs2 100%șs3 100%șs3
5 mmb)
70%șs1
65%șs1
60%șs1
75%șs2
80%șs3
70%șs3
²

0±20

0±20

0±20

a)

0±30

0±40

0±40

R
Naturally
drying

G, IT, MT, LT, J/B, H/F, M, and R represent regreening stage, initial tillering stage, middle tillering stage, late tillering stage,
jointing and booting stage, heading and flowering stage, milk stage, and ripening stage, respectively.
b)
Data depict the water depth during the regreening stage. șs1, șs2, and șs3 represent the average volumetric soil moisture for
the 0±20, 0±30, and 0±40 cm layers, respectively.
c)
Cases of pesticide/fertilizer application and rainfall/standing irrigation water with depths of up to 5 cm maintained for less
than five days.
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TABLE 3
Dates and rates of nitrogen fertilization during the rice-growing season (kg N haí1)
Year

2009

2010

Activity
Basal fertilizer (22 Jun a))
Regreening fertilizer (28 Jun)
Tillering fertilizer (7 Jul)
Panicle fertilizer (12 Aug)
Total nitrogen
Basal fertilizer (26 Jun)
Regreening fertilizer (1 Jul)
Tillering fertilizer (17 Jul)
Panicle fertilizer (13 Aug)
Total nitrogen

FFP
56.25 (CF b))
76.95 (AB)
121.80 (U)
69.60 (U)
324.6
48.00 (CF)
64.13 (AB)
121.28 (U)
69.30 (U)
302.7

CRN
220.00 (CRU)
220
240.00 (CRU)
240

a)

Date in the bracket is the time that the fertilizer is applied.
CF is compound fertilizer (N, P 2O5, and K2O contents are 15%, 15%, and 15% in 2009 and 16%, 12%, and 17% in
2010). AB is ammonium bicarbonate (N content is 17.1%). U is urea (N content is 46.2%). CRU is sulfur-coated urea (N
content is 42%).
b)

sponge to absorb ammonia. The sponges were collected and replaced daily after N fertilizer application for one week, collected at 2- to 3-day intervals
for another week, and then collected at 1-week intervals. The sponges were immersed in 300 ml of 1.0
M KCL solution in 500 ml containers and shaken on
a reciprocating shaker before the extract solutions
were analyzed by ultraviolet-visible spectrophotometer (UNICO 2800). Then, the NH3 volatilization
rate was calculated according to Eq. (1).
M
R AV
u 10  2 ,
(1)
Au D
where RAV is the NH3 volatilization rate (kg N
ha±1 d±1); M is the NH3-N collected by the PVC collector (mg); A is the cross-sectional area of the PVC
collector (m2); and D is the interval of the NH3 volatilization sample collection (d). The nitrogen loss
through NH3 volatilization was calculated as the sum
of daily volatilization over the given period.
The irrigation water volumes were recorded on
a rotating vane-type water meter installed on the
pipes of each plot. The soil water content was measured using a time-domain reflectometer, and the
pond water depths were measured using vertical rulers. The aboveground parts of plant TN were measured with the Kjeldahl method [28].
Statistical analysis was conducted using the
standard procedures on a randomized plot design
(SPSS 13.0). The significance of the results based on
the F-tests and least significant differences was set to
the 0.05 probability level.

For the controlled irrigation treatment, the
ponded water depth was kept at 5±25 mm during the
regreening stage. Thereafter, irrigation was only applied to keep the soil moist and standing water was
avoided except during periods of pesticide and fertilizer application. Table 2 lists the root-zone soil-water-content criteria for the different crop growth
stages in the controlled irrigation treatment.
The variety of rice planted in this area is Japonica Rice Nanjing 46. The rice was transplanted with
a 13.0 cm × 25.0 cm hill spacing on 23 June 2009
and harvested on 26 October 2009. The rice was
transplanted with the same hill spacing on 26 June
2010 and harvested on 25 October 2010. The local
FFP used in this experiment is shown in Table 3. Sulfur-coated urea, which was produced by Shandong
Kingenta Ecological Engineering Co., Ltd. (China),
was used in the CRN treatment. The same doses of
phosphorus (P2O5) and potassium fertilizer (K2O)
were applied to all treatments as basal fertilizer. The
application rates of P2O5 fertilizer were 56.3 kg ha±1
and 36.0 kg ha±1 in 2009 and 2010, respectively.
Meanwhile, the application rates of K2O fertilizer
were 56.3 kg ha±1 and 51.0 kg ha±1 in 2009 and 2010,
respectively. Phosphorus and potassium were applied as a compound fertilizer in the FFP treatment,
whereas calcium magnesium phosphate fertilizer
(P2O5 content is 12%) and potassium chloride (K2O
content is 62%) were applied in the CRN treatment.
The total N application rates were 324.6 kg ha±1 and
302.7 kg ha±1 in the FFP treatment in 2009 and 2010,
respectively. Meanwhile, the total N application
rates were 220 kg ha±1 and 240 kg ha±1 in the CRN
treatment in 2009 and 2010, respectively. Only the
basal fertilizers were incorporated into the ploughed
layer. The other fertilizers were broadcasted onto the
soil surface.

RESULTS AND ANALYSIS
Water management and rice yield. A total of
12 and 11 wet±dry cycles occurred in the paddy
fields under water-saving irrigation in 2009 and 2010,
respectively, in which 67 days of non-flooding conditions were recorded in both years (Figs. 1 and 2).
The irrigation volumes during the rice growing season were 233 mm and 263 mm in 2009 and 2010.
The details of rice yield and irrigation water use efficiency are listed in Table 4. The applied CRN was

Ammonia volatilization sampling. Ammonia
(NH3) volatilization from the plots was measured using the vented method, which is simpler in structure,
easier to operate, and higher in precision and accuracy [27]. The vented chamber consisted of PVC collectors (20 cm high) with a phosphoglycerol-soaked
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able to maintain the rice yield compared to traditional nitrogen management. The rice yields decreased by 1.41% and 1.38% with CRN relative to
that with FFP in 2009 and 2010. Due to the decrements in rice yields, the decrease in irrigation water
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use efficiency was more apparent in the paddy fields
with CRN compared with that in the paddy fields
with FFP. However, the decrease of rice yields and
the decline of irrigation water use efficiency were
not significant (P<0.05).

FIGURE 1
Typical water depth and soil moisture conditions of paddy fields under water-saving irrigation in 2009
(F, P, and R indicate the date of fertilization, pesticide application and rainfall)

FIGURE 2
Typical water depth and soil moisture conditions of paddy fields under water-saving irrigation in 2010
(F, P, and R indicate the date of fertilization, pesticide application and rainfall)

Treatment
CF
CC

TABLE 4
Rice yield and irrigation water use efficiency
Irrigation water use efficiency (kg mí3)
Yields (t ha±1)
2009
2010
2009
2010
9.89±0.398a
9.36±0.472a
4.24±0.171a
3.56±0.179a
9.75±0.219a
9.23±0.273a
4.18±0.094a
3.51±0.104a

Means in the same line followed by the same letter are not significantly different (P<0.05). The same below.

TABLE 5
Recovery of N fertilizer in the aboveground parts of plants based on their differences
N uptake (kg N haí1)
Recovery estimated by difference (%)
Treatment
2009
2010
2009
2010
CF
179±2.46a
176±1.58a
37.4±0.757b
39.1±0.520b
CC
170±5.66a
169±3.34a
51.1±2.57a
46.5±1.39a
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with FFP appear in four peaks during the rice growth
stage. Meanwhile, the three peaks of ammonia volatilization rates of paddy fields with FFP represent the
first week after every nitrogen fertilizer application.
CRN can significantly reduce the ammonia volatilization rate of paddy fields in contrast to FFP in
two years (p<0.05). The average ammonia volatilization rates in the entire growth stages of the paddy
fields with CRN were 0.49 kg haí1 dí1 and 0.57 kg
haí1 dí1 in 2009 and 2010. The rates for the fields
treated with CRN decreased by 62.12% and 43.03%
relative to those treated with FFP. Meanwhile, the
peaks of the ammonia volatilization rates were
largely reduced. The largest ammonia volatilization
rate of the paddy fields with CRN were 2.18 kg haí1
dí1 and 4.04 kg haí1 dí1, which correspond to the seventh day and fifth day after basal fertilizer application in 2009 and 2010, respectively. Furthermore, the
largest ammonia volatilization rates of the paddy
fields with FFP were 7.73 kg haí1 dí1 and 6.79 kg
haí1 dí1, which correspond to the fourth day and third
day after the application of tillering fertilizers in
2009 and 2010, respectively. The largest ammonia
volatilization rates of the paddy fields with CRN
were reduced by 71.80% and 40.48% relative to
those with FFP.

Plant recovery of applied nitrogen fertilizer.
The reduction of N uptake was more apparent during
CRN application compared with FFP management
(Table 5). The N uptake values of CC were 170 kg
N haí1 and 169 kg N haí1 in 2009 and 2010, which
correspond to the decrease by 4.95% and 3.90% relative to CF. The decrease of N input was the predominant reason for the reduction of nitrogen absorption
by the rice plants.
The nitrogen recovery of the paddy fields with
CRN was higher than that of the paddy fields with
FFP. The corresponding rates were 37.4% to 39.1%
with FFP and 51.1% to 46.5% with CRN in 2009 and
2010. The nitrogen recovery of the CC paddy fields
significantly increased by 36.63% and 18.92% relative to that of the CF paddy fields.
Effect of controlled-release nitrogen fertilizers on ammonia volatilization rate of paddy fields
under water saving-irrigation. The change trends
of the ammonia volatilization rates of paddy fields
with CRN were the single-peak types (Fig. 3). Furthermore, the single peaks appeared after basal fertilizer application. Then, the ammonia volatilization
rates decreased gradually and were maintained at relatively low levels from late July until the harvesting
period due to the non-application of nitrogen fertilizers. The ammonia volatilization rates of paddy fields

FIGURE 3
Variation of ammonia volatilization rates of paddy fields during the rice growing season
TABLE 6
Nitrogen loss through ammonia volatilization at different stages of rice growth
Year

2009
2010

Treatment

Total loss
(kg haí1)

% of N applied
(%)

CF
CC
CF
CC

58.35a
16.54b
54.16a
25.71b

17.98
7.52
17.89
10.71

Loss during
weeks after
basal
fertilization
5.47
6.35
4.50
6.14

Loss during
weeks after
regreening
fertilization
20.09
/
12.37
/

Loss during
weeks after
tillering
fertilization
15.72
/
24.05
/

Mean values in the same line followed by the same letter are not significantly different (P<0.05)
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Loss during
weeks after
panicle
fertilization
5.08
/
8.88
/

Loss
during
June to
August
56.74
15.17
51.39
24.13
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paddy fields with CRN. Moreover, 79.35% and
82.33% of NH3 volatilization from paddy fields with
CRN occurred during the first month after basal fertilizers in 2009 and 2010, respectively. The slow-release characteristics of ammonia nitrogen due to
CRN prevented the weekly peaks of NH3 volatilization from the paddy fields.
In addition, more than 91% of ammonia volatilization loss in the paddy fields mainly occurred during the three months of June, July, and August (Table
3). The high-rate phenomenon is mainly due to the
nitrogen fertilization inputs that were completely applied in these three months. Moreover, the relatively
high temperature in the Taihu Lake region of China
during these three months may be another reason for
this phenomenon.

Effects of controlled-release nitrogen fertilizers on ammonia volatilization loss in paddy
fields under water-saving irrigation. Relative to
the application of FFP, the application of CRN significantly reduced nitrogen loss caused by ammonia
volatilization from paddy fields under water-saving
irrigation (Table 3). The ammonia volatilization
losses in paddy fields with CRN were 16.54 and
25.71 kg haí1, accounting for 7.52% and 10.71% of
seasonal nitrogen input. Furthermore, those CRN-related losses were reduced by 71.65% and 52.53%
relative to those of FFP. These findings imply that
the joint application of CRN and water-saving irrigation not only saves irrigation water to a great extent but also substantially decreases ammonia volatilization loss.
The details of NH3 volatilization during the first
week after fertilization is shown in Table 6. More
than 85% of the NH3 volatilization occurred during
the first week after fertilization in the FFP scenario.
The weekly loss immediately after fertilization
played an important role in NH3 volatilization during
the rice growing season in the paddy fields in the
Taihu Lake region of China, as previously reported
[2]. Effective measures should therefore be considered to reduce NH3 volatilization from the paddy
fields in the first week after the application of traditional nitrogen fertilizers. Meanwhile, most NH3 volatilization were observed in the first month for the

Effect of controlled-release nitrogen fertilizers on cumulative ammonia volatilization loss in
paddy fields under water-saving irrigation and its
simulation. The change trends of cumulative ammonia volatilization loss in paddy fields is shown in Fig.
4. The cumulative ammonia volatilization loss in the
paddy fields with FFP was significantly larger than
that with CRN. For FFP, the cumulative ammonia
volatilization loss increased rapidly within 70 days
after transplanting (6±8 months) and then exhibited

FIGURE 4
Change trends and curve fitting of cumulative ammonia volatilization loss in the paddy fields
TABLE 7
Parametric and curve fitting of ammonia volatilization cumulative loss in the paddy fields
Year

Parameter
CF
60.197
N0
b
0.037
2009
r
0.9799**
RMSE
4.570
N0
53.633
b
0.047
2010
r
0.9839**
RMSE
3.205
Note: ** indicates highly significant (p <0.05), RMSE is the root mean square error.
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CC
15.562
0.065
0.9940**
0.599
23.948
0.079
0.9802**
1.518
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teristics of CRN prevented the weekly peaks of ammonia volatilization from the paddy fields under water-saving irrigation and reduced the total ammonia
volatilization loss by 62.09% relative to that with
FFP. The periods of rapid increase of cumulative
ammonia volatilization loss were within 30 days after transplanting for CRN and within 70 days after
transplanting for FFP. The first-order kinetic equation can be used to predict the cumulative ammonia
volatilization loss in paddy fields with different nitrogen fertilizer management scenarios under watersaving irrigation.

a slow increase after 70 days after transplanting. This
trend can be attributed to the nitrogen fertilizer inputs and high temperature during this period. For
CRN management, the period of rapid increase of
cumulative ammonia volatilization loss was within
30 days after transplanting and then exhibited a slow
increase after 30 days after transplanting. This finding can be attributed to the application method and
the slow-release characteristics of CRN, which decreased the period and rate of high ammonia volatilization loss.
The first-order kinetic equation of qt=N0 (1-eíbt)
was used to fit the cumulative process of ammonia
volatilization from paddy fields under water-saving
irrigation (Table 7). The degrees fitted well with one
another, and the correlation coefficients reached a
significant level (p<0.01; r=0.9799**±0.9940**).
The N0 in first-order kinetic equation of the cumulative ammonia volatilization loss represents the
maximum ammonia volatilization loss of the paddy
fields, while b represents the release constant of ammonia volatilization from the paddy fields. The
curve and parametric fittings of cumulative ammonia
volatilization from paddy fields in the entire growth
stage are shown in Fig. 4 and Table 7. The maximum
ammonia volatilization losses (N0) in the paddy
fields with CRN were 15.562 in 2009 and 23,948 in
2010, which were substantially below than those
with FFP. The maximum ammonia volatilization
losses (N0) accord well with the actual total ammonia
volatilization losses of different treatments. The effective management of CRN was able to avoid the
multiple ammonia volatilization peaks after nitrogen
fertilizer application. However, the nitrogen fertilizers that were applied at a single time as a basal fertilizer caused the constant release of ammonia volatilization. Thus, a larger ammonia volatilization was
observed with CRN than that with FFP. The first-order kinetic equation can be used to predict the cumulative ammonia volatilization loss in paddy fields
with different nitrogen fertilizer management scenarios under water-saving irrigation.
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Carbendazim is one of the most active pesticide
compounds of benzimidazole fungicides which have
both protective and curative activities against a wide
range of fungal diseases in crops. Widespread use of
pesticide in agricultural production leads to excessive pesticide residues. Pesticide residue problems
have become increasingly prominent and caused
widespread concern around the world. In this work,
a kind of β-cyclodextrin/4,4’-diaminobiphenyl
(CDBD) fluorescent derivative was prepared with
4,4'-diaminobiphenyl, β-cyclodextrin (β-CD) and 4toluene sulfonyl chloride as raw materials. The structure of CDBD was characterized by elemental analysis, fourier transform infrared spectra (FT-IR) and
1
H NMR and scanning electron microscope (SEM).
An inclusion complex between CDBD and the carbendazim was formed and characterized by transmission electron microscopy (TEM) and X-ray diffraction (XRD); and the binding constant () of the
inclusion complex was investigated. The effects of
surfactant and pH value on the fluorescence spectra
of the system were studied; and the inclusion complex could be applied to determination of carbendazim residues. Based on the enhancement of the
fluorescence intensity of carbendazim produced
through complex formation, a sensitive method for
the determination of carbendazim was established. A
linear relationship was obtained between the fluorescence intensity and carbendazim concentration in the
range of 0 and 66.92 μg L-1 with a correlation coefficient of 0.9952. The limit of detection (LOD) and
the relative standard deviation (RSD) were 1.26 ng
L-1 and 0.079%, respectively. The proposed method
has better anti-interference ability and stability, and
has been successfully applied to the determination of
carbendazim in vegetable and water samples with
satisfactory results; recoveries in the range of 98.2 %
to 101.1 % were obtained. The method is rapid, simple, direct, economical, sensitive and useful for carbendazim analysis.

Pesticide residue refers to pesticides, their poisonous metabolic and degradation products and impurities that may remain on or in the organism, agricultural product, and the environment, after they are
applied [1,2]. Sometimes pesticide residue is unavoidable; however, if the residue exceeds the maximum limit or a tolerance, it will pose significant risk
to humans and animals or other creatures in the ecological system, through the food chain. Current analytical methods [3-5] for pesticide residues in agricultural and environmental matrices are entirely
based on chromatographic techniques such gas chromatography (GC), high-performance liquid chromatography (HPLC) or using GC or HPLC coupled to
mass spectrometry (MS) or tandem MS (MS/MS),
ion chromatography and UV–vis spectrophotometry.
Carbendazim
(methyl-1H-benzimidazol-2ylcarbamate, Figure 1) is a compound as fungicides
and pesticides of broad-spectrum efficacy on a variety of crops by fungi (such as fungi imperfecti, multiple cyst caused by the disease control effect) and
could be used for foliar spray, seed treatment and soil
treatment [6]. Moreover, carbendazim is the product
of degradation of other benzimidazole fungicides
such as benomyl or thiophanate. Carbendazim affects the environment not only when it its spread but
also as the degradation product of other pesticides.
Ma et al. [7] reported detection the concentration of
carbendzim in tea leaves using surface-enhanced Raman scattering (SERS) and its recovery in tea samples is 72.3%. Chen et al. [8] has developed a fluorescence spectrophotometry method for determination of pesticide residue (carbendazim and metiram)
in edible oil (rapeseed oil and peanut oil), with recovery range from 92.5% to 108.2%. Pourreza et al.
[9] established a method dispersive liquid–liquid microextraction (DLLME) combined with UV–vis
spectrophotometry) to determine fungicides carbendazim. The method is based on the reduction of
Fe(III) to Fe(II) by carbendazim, its reaction with
potassium ferricynide to form a blue product and extraction into CCL4 by DLLME technique using methyltrioctylammonium chloride (Aliquat 336) as a
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disperser agent. Under the established optimum conditions, the limit of detection is 2.1 ng mL-1. Singh et
al. [10] reported the determination of the fungicides
thiophanate methyl [1.2-α-(3-methoxycarbonyl-2thioureido)benzene] and carbendazim (methyl benzimidazol-2-ylcarbamate) in vegetable samples using microwave-assisted extraction (MAE) followed
by cleanup to remove co-extractives prior to analysis
by high-performance liquid chromatography
(HPLC) with the recoveries of carbendazim ranged
from 69 to 75%. However, most of the above various
analytical methods used complicated extraction and
cleaned up procedures. It would be advantage to develop a method utilizing the sensitivity and selectivity of spectrofluorimetry to simply and rapidly determine pesticide residues.


were obtained by successive dilutions. A phosphate
buffer solution was prepared from acidic solutions
containing H3PO4 (0.04 mol L-1), CH3COOH (0.03
mol L-1), and H3BO3 (0.04 mol L-1), and a solution of
NaOH (0.2 mol L-1) was used to adjust the pH to 2.013.0.
All fluorescence measurements were performed on a Cary Eclipse spectrofluorimeter (American Varian Company). A 1.0 cm quartz cell was employed throughout the experiment. Both excitation
and emission bands pass of 5.0 nm, scan speed of
240 nm s-1, a PMT voltage of 600V and a response
time of 0.1 s were used for measurement. Electronic
balance (BB124S) was purchased from Beijing Sartorius Company. A pHS-3C pH meter, purchased
from Shanghai LIDA Instrument Factory (Shanghai,
China) was used in the measurement of the pH of
buffer solutions. Fourier transform infrared (FT-IR)
spectrum of sample was obtained on a KBr pellet
with a Nicolet (USA) AVATAR 360 FT-IR spectrometer. A minimum of 32 scans was signal-averaged with a resolution of 2 cm-1 in the 4000-400 cm1
range. 1H-NMR spectra was obtained in DMSO-d6
on a Bruker AVANCE400MHz NMR spectrometer (Germany) using tetramethylsilane (TMS) as the
internal standard. Scanning electron microscope
(SEM) was investigated with a 20-kV accelerating
voltage with a field emission scanning electron microscope (S-4800, Hitachi Corp., Tokyo, Japan). The
transmission electron microscopy (TEM) morphology was observed by TEM (TECNAI-12, Philips
Co., Eindhoven, Netherlands) with an acceleration
voltage of 120 kV. The X-ray diffraction (XRD) pattern was recorded by the reflection scan with nickelfiltered Cu Ka radiation (D8, Bruker-AXS, Karlsruhe, Germany). The X-ray generator was run at 50
kV and 70 mA. All of the XRD measurements were
performed at 2θ values between 5 and 80. The contents of C, H, N and S were obtained by FLASH EA1112A element analyzer (Italy). The melting point
was measured by an X-5 microsurgery melting point
detector (temperature control type) (Beijing Tech Instrument Co., Ltd., China)
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The luminescence spectrometry remains one of
the most interesting ones for the analysis. And one
of the most important tendencies in analytical chemistry is the simplification of the analytical procedures. For this purpose, in this work, a β-cyclodextrin/4,4’-diaminobiphenyl (CDBD) fluorescent derivative was prepared with 4,4'-diaminobiphenyl, βcyclodextrin (β-CD) and 4-toluene sulfonyl chloride
as raw materials. An inclusion complex was formed
between CDBD and the carbendazim and could be
applied to determination of carbendazim residues.
Based on this, a sensitive method for the determination of carbendazim in vegetables and water samples
was developed. The proposed method has been successfully applied to the determination of carbendazim residue in vegetables and water samples.
To the best our knowledge, this is the first time that
the obtained CDBD fluorescent derivative for determination of carbendazim is reported.

&?5>1?1A9=< =6 A85 H3E3:=45DA?9< 491
;9<=29>85<E:  6:B=?5@35<A 45?9C1A9C5 A
volume of 500 mL of an aqueous solution containing
60.0 g of β-CD and 6.57 g of sodium hydroxide was
added into a four-necked flask equipped with a mechanical stirrer, thermometer, isobaric dropping funnel and reflux condenser. The mixture was stirred at
06 ºC for 1 h. Then, a solution containing 10.08 g
of p-methylbenzene sulfochloride (TsCl) in 30 mL
acetonitrile was slowly dropped into the mixture
which was heated to 25 ºC for 1.5 h under nitrogen.
The reaction mixture was cooled and adjusted the pH
to 9 with hydrochloric acid (1.2 mol L-1). The resulting solution was stored overnight in a freezer at 0 ºC.
The intermediate product mono-6-O-(p- tolylsulfonyl)-β-cyclodextrin (6-O-Ts-β-CD) was

#*(")$#*%)

#1A5?91:@ -cyclodextrin (-CD), -toluenesulfonyl chloride and solvents were purchased
from Sinopharm Chemical Reagent Co. Ltd.,
(Shanghai, China). A pure standard of the target
compound carbendazim (99%) was purchased from
Sigma-Aldrich Chemical Co. (St. Louis, USA). A
stock solution of 5.5×10-3 mol/L of carbendazim was
prepared by dissolving the pesticide in dimethylformamide and diluting the solution to 100 mL with water in a volumetric flask. The desired concentrations
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digestion solution of the soil was obtained.

collected by filtration and further recrystallized from
distilled water to give a white powder which was
dried at 50 ºC under vacuum for 24 h. Melting point:
162-165 ºC. Anal. Calcd. for C49H76O37S: C,
45.65%; H, 5.90%; S, 2.48%. Found: C, 45.25%; H,
6.0%; S, 2.30%.1H NMR of 6-O-Ts-β-CD (400
MHz, DMSO-d6, TMS, ppm): 7.75 (2H), 7.43 (2H),
5.63-5.82 (14H), 4.77-4.84 (6H), 4.31-4.49 (6H),
4.19 (1H), 3.19-3.66 (42H) and 2.42 (3H).
4,4'-diaminobiphenyl (0.08 g) and 6-O-Ts-βCD (1.20 g) dissolved in DMF (50 mL) were added
into a four-necked flask equipped with a mechanical
stirrer, thermometer, isobaric dropping funnel and
reflux condenser. The mixture was stirred at 65ºC for
48 h under nitrogen. The mixture was cooled and the
excess DMF was removed under reduced pressure
and the residue was stored 4 h in a refrigerator at 4 .
The solid β-cyclodextrin/4,4’-diaminobiphenyl
(CDBD) fluorescent derivative was collected by filtration and further recrystallized from ethanol to give
a white powder which was dried at 60 oC under vacuum for 24 h. Melting point: 184-187 oC. Anal.
Calcd. for C96H150N2O68: C, 47.64%; H, 6.20%; N,
1.16%. Found: C, 46.95%; H, 6.19%; N, 1.26%. 1H
NMR of CDBD (400 MHz, DMSO-d6, TMS, ppm):
7.72 (4H), 7.48 (4H), 7.12 (4H), 5.63-5.82 (28H),
4.77-4.84 (12H), 4.31-4.49 (12H), 4.19 (2H) and
3.19-3.66 (84H).

<1:EA931: >?=354B?5. Aliquots of the carbendazim (or sample) water solution at final concentrations in the range from 0 to 66.92 μg L-1, buffer
solution pH 10.0, and CDBD in water solution were
added in 50-mL volumetric flasks. The mixtures
were diluted to the mark with distilled water and
placed into an ultrasonic cleaner at room temperature
for 30 min. The fluorescence intensity was measured
at excitation and emission wavelengths of 290 and
400 nm.


()+"*)$)+))%$

*(1<4)#1<1:E@9@FT-IR spectra of 6O-Ts-β-CD (a) and CDBD (b) fluorescent derivative
are shown in Figure 2. From Figure 2(a), the characteristic absorption peak of corresponded to the
stretching vibration of hydroxyl (-OH) is observed at
3372 cm-1. The characteristic peak at 2930 cm-1 is
attributed to the methylene (-CH2-) stretching vibration [11]. The characteristic adsorption peak at 1040
cm-1 is corresponded to the stretch vibration of C-OC [12]. The peak of α-1,4-glucose bonds in -CD appears at 941 cm-1 [13]. As can be seen from Figure
2(b), the band at 3300~3500 cm-1 is corresponded to
the stretching vibration of -NH groups. The spectra
of 6-O-Ts-β-CD and CDBD are quite alike, with the
other characteristic peaks of β-CD at 1154, 1078 and
941 cm−1. The strong band at 1154 cm−1 is attributed
to the asymmetric glycosidic vibration (C-O-C); the
bands at 1080 and 1030 cm−1 are corresponding to
the stretching vibration (C-C/C-O). Furthermore, it
is clear that the spectrum of the CDBD shows a smart
change as compared to that of the 6-O-Ts-β-CD. All
the significant peaks of β-CD in the fingerprint regions (range of 1200-900 cm−1) are presented in the
spectrum of the CDBD with a subtle shift. Thus, on
the basis of all the above results, it could be concluded that 6-O-Ts-β-CD was reacted with the 4,4’diaminobiphenyl successfully.
SEM image of the CDBD is shown in Figure
2(c). As can be seen from Figure 2(c), CDBD shows
a crystalline amorphous material. This is mainly because β-CD intramolecular includes the cavity, inclusion complex would be formed with other small
organic molecular.

)1;>:5 >?5>1?1A9=< Tomato or cucumber
was obtained from local grocery stores. These samples in a natural environment were spiked in water
with carbendazim concentrations below 2 mg kg-1.
An aliquot of tomato (20.0 g) or cucumber (20.0 g)
was mixed with 50.0 mL of acetonitrile in a beaker
(250 mL). The mixture was soaking for 3 h, and filtered through filter papers into the other beaker (100
mL). The solution was carefully transferred to the
volumetric flasks (250 mL). The residue on the wall
of beaker was washing in 30 mL doubly distilled water for 3 times, then diluted to the 250 mL mark.
The soil was dried, crushed by a wooden stick
and then got through the nylon sieve of 2 mm aperture. The sifted samples were divided by quartering
repeatedly. Then, 250 g sample obtained by dividing
was finely grinded in an agate mortar to go through
the 160 mesh nylon sieve and mixed well. 0.5 g airdried soil sample was accurately weighed (accurate
to 0.0001 g) to place in the Teflon crucible; after it
was dampened with water, 5 mL concentrated nitric
acid (HNO3) was added and capped. Then, it was
heated to 100~150 oC, boiling 20 min and was taken
down to cool. After adding 5 mL perchloric acid
(HClO4), it was heated 80 oC for 60 min. Then, it was
evaporated at about 250 oC to be near dry and was
taken down to cool. Adding 4 mL hydrochloric acid
solution (1:1) and a small amount of water later, residue was heated to dissolve and was transferred to 50
mL volumetric flask. The solution of 10.00 mL was
transferred to another 100 mL volumetric flask, and

:B=?5@35<35@>53A?1Fluorescence excitation
and emission spectra of 4,4’-diaminobiphenyl (a and
b) and CDBD (c and d) are shown in Figure 3. The
content of 4,4’-diaminobiphenyl or CDBD fluorescent derivative is 2.8×10-4 mmol L-1. The fluorescence spectra show maximum excitation/emission
wavelengths at 275/411 nm for 4,4’-diaminobiphenyland and 290/400 nm for CDBD fluorescent
derivative. The fluorescence intensity of CDBD fluorescent derivative is bigger than that of the
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reference compound 4,4’-diaminobiphenylin the
same concentration and excitation/ emission band
slightly blue shifts. This is mainly because the fluorescence intensity of the phenyl moiety is sensitive
to changes in its microenvironment, and is greater in
a hydrophobic microenvironment than in a hydrophilic one. The above result suggest that the phenyl
moieties of CDBD fluorescent derivative are from
the deactivating attack by water, and the polarity of
microenvironment of 4,4’-diaminobiphenyldecreases, which means that 4,4’-diaminobiphenylcould enter the hydrophobic microenvironment of
CDBD fluorescent derivative. The β-CD armers also
could be used to improve the solubility of water insoluble benzidine and enhance the thermal stability,
to reduce volatility, and to resist oxidation, hydrolysis and degradation of compounds in solution [14].
Moreover, β-cyclodextrin armers can protect the fluorescent singlet state of benzidine from external
quenching effects including oxygen and other fluorescence quenching agents. The presence of β-cyclodextrin structure will also affect the excited state
and the shape of the fluorescence emission. Furthermore, the fluorescence quantum yield is increased
because the excited singlet state of benzidine

received the most effective protection, inhibiting the
proton-transfer reaction and the proton-induced
quenching reaction [15]. Consequently, the fluorescence intensity of CDBD fluorescent derivative
could be significantly enhanced.

*#1<4.(1<1:E@9@. The host-guest interaction of the CDBD and carbendazim was investigated by TEM, which was a reliable and versatile
method in studying host-guest inclusion complex.
TEM images of CDBD (a) and inclusion complex (b)
were shown in Figure 4. The dark regions are the
skeleton frames of β-CD, CDBD and inclusion complex. From the Figure 4 (a), the bridged structure is
observed. As shown in Figure 4 (b), three-dimensional network structures are also observed and the
results indicate that host-guest inclusion complex is
formed between CDBD and pesticide carbendazim.
This is accordance with that β-CD has a unique configuration that could make its outer surface hydrophilic and its inner surface hydrophobic, thus it could
form inclusion complexes with hydrophobic smallmolecule fluorophores that fit into its cavity. Combining all of the obtained results, CDBD and pesticide carbendazim are connected together by host-
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guest interactions.
X-ray diffraction (XRD) patterns of β-CD (a),
CDBD (b) and inclusion complex (c) are shown in
Figure 5. As can be recognized from Figure 5(a and
b), β-CD and CDBD are in crystalline form. In contrast, the XRD of inclusion complex exhibits the halo
pattern, which is quite different from a superimposition of crystalline β-CD and CDBD, indicating the
formation of the inclusion complex between CDBD
and carbendazim. In addition, most of the crystalline
diffraction peaks of β-CD or CDBD disappear after
complexation with carbendazim, indicating that the
complexation of carbendazim could make CDs reorient to some extent. Moreover, less sharp peaks in
the XRD of inclusion complex may infer that inclusion complex possesses a more amorphous structure
than CDBD.

Figure 6(a), the fluorescence intensity could reach
the maximum at pH 10.0. However, the fluorescence
intensity of inclusion complex decreases with increasing pH above 10. This is mainly because the
electron cloud density of N and O atoms of inclusion
complex could be influenced by varying pH values.
The vibration of complex structure would change the
exciting state, energy gap and triplet states which
would contribute to the decrease of fluorescence intensity. Furthermore, the CDs’ could charge portals
influence their interactions with host molecules to a
large degree. Based on an overall consideration of
various factors and the experiment result, buffer solution pH 10 was chosen for controlling acidity of
the solution.
Effect of different buffer solution (pH=10.0)
amount on the fluorescence intensity was also investigated in the range 0 to 70% (V/V) and shown in
Figure 6(b). As shown in Figure 6(b), with increasing the amount of buffer solution in the system from
0 to 50% (V/V), the fluorescence intensities are enhanced, while others 50 to 70% has no significant
changes. Therefore, it was decided to perform the remaining studies with buffer amount of 50% (V/V).

<6:B5<35 =6 > 1<4 2B665? 3=<35<A?1A9=<.
The acidity of solution is an important factor which
can influence the electronic structure and fluorescence intensity of inclusion complex. In the experimental condition, the effect of pH value on the fluorescence intensity is shown in Figure 6(a). From the
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*" 
<A5?65?5<35@AB4EI5D  <;I5; <;
Foreign species
Thiophanatemethyl
Glucose
Chlorothalonil
Imidacloprid
Vitamine C
Benzoic acid
Diafenthiuron
Chlorpyrifos
Gather
Ca2+
Cu2+
Zn2+
Al3+



shown in Figure 7(a). As can be seen from Figure
7(a), the fluorescence intensity can be enhanced with
increasing the amount of carbendazim; and the results indicate that the host-guest inclusion complex
was formed between CDBD and carbendazim. This
is mainly due to the increasing micro-environmental
hydrophobic and steric shielding around the fluorophore arising from cooperative host-guest interactions. The result also confirms that the carbendazim
molecule is included in the hydrophobic cavity of the
macrocycle chemical sensor. This property could allow the CDBD to be applied as fluorescence sensors
for the molecular recognition of carbendazim.
The linear relationship between the fluorescence intensity and carbendazim concentration was
obtained in the range of 0.00 to 66.92 μg L-1 with a
correlation coefficient of 0.9952 and is shown in Figure 7(b). From Figure 7(b), the linear fitting equation
is F= 68.28C+99.94 (where F is the fluorescence intensity, C is the concentration of carbendazim, μmol
L-1). The relative standard deviation (RSD) is
0.079%. The limit of detection (LOD) was given by
the equations, LOD= b/, where is a numerical
factor chosen according to the confidence level desired, b is the standard deviation of the blank measurements (=5) and is the slope of the calibration
curve. Here a value of 3 for was used, where 3 is
the factor at the 99% confidence level. After calculating, the LOD of carbendazim is 1.26 ng L-1.

Tolerated a interferent/analyte ratio b
250
1000
300
100
250
400
200
150
600
600
400
500
900

a

Tolerance level was defined as the amount of foreign specie that produced an error not exceeding ± 5% in the determination of each analyte. b Maximum ratio tested.

<A5?65?5<35@AB4E. In this study, foreign species which are likely to be present in real samples
were added to solutions, and their influence on the
analytical signal was investigated. If any interference was observed, the ratio interference/analyte
was reduced progressively until the interference
ceased. The study of potential interferences, resulting from other common pesticides was also undertaken. Results obtained were summarized in Table 1.
It can be concluded that carbendazim can be analyzed without significant errors by the proposed
method, in the presence of higher concentration levels of potentially interfering compounds, which were
likely to be present in real samples. The results indicated that the present method had good anti-interference ability and selectivity.

5A5?;9<1A9=< =6 31?25<41F9; 9< C575A12:5
1<4 6?B9A @1;>:5@ Carbendazim is a broad-spectrum fungicide and widely used for the control of
plant fungal diseases on crops, fruits and vegetables.
During the growing period these agrochemicals are
widely applied on various crops like grapes, pome
fruits, stone fruits, lettuce and cereals and act systemically. In order to demonstrate the feasibility of
this method, vegetable and fruit samples were analyzed. The fluorescence intensity values obtained
from three-replicated analysis. All the recoveries
achieved in this work were calculated. Results

1:92?1A9=< 3B?C5 6=? 31?25<41F9; An
amount of CDBD and different amounts of carbendazim were added to a 50 mL volumetric flask
and diluted to with buffer solution and water. The
fluorescent titration of CDBD with different concentration carbendazim was carried out in pH 10 buffer
aqueous solution, and the effect of different concentration carbendazim on the fluorescence spectra are
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obtained were shown in Table 2. Recoveries in the
range of 98.2 % to 101.1 % for samples were obtained. It can be seen that the method has satisfactory
recoveries and good precision, with relative standard
deviations of less than 1%. The performance of the
experiment indicated that it could be used as a rapid,
simple, sensitive, convenient and practical method
for monitoring carbendazim in various vegetable and
fruit samples.

*" 
<1:EA931:?5@B:A@=6C575A12:51<4@=9:@1;>:5@
I5D  <;I5; <;
Added
Found ± aSD
(μg/L)
(μg/L)
Tomato
10.00
10.11±0.056
Cucumber
10.00
9.98±0.063
Soil
10.00
9.82±0.078
a
The average value of five determination.
Sample

effective, good anti-interference ability, selectivity
and reproducible.
!$%-"#$*)
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A novel 3,3’-benzidine/β-cyclodextrin derivative (CDBD) was prepared and the fluorescent of
CDBD exhibited a very good variation of emission
fluorescence when introducing pesticide guests inside the cyclodextrin cavity, allowing one to classify
this host as a fluorescent chemical sensor. The interaction between carbendazim and CDBD was investigated by TEM and XRD. The result indicated the
interaction was the formation of inclusion complexes
between the pesticide and fluorescent CDBD. The
standard models of the pesticide concentration and
the corresponding fluorescence intensity were obtained. Measurement results show that there is a
good linearity between the fluorescence intensity
and the carbendazim concentration and the correlation coefficient is 0.9952. The limit of detection
(LOD) can be calculated and the value is 1.26 ng L1
. The method shows good recoveries according to
current guidelines, and is sensitive, fast, cost-
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become a major factor affecting the city development. It is estimated that the proportion of world urban population will exceed 60% by 2030 [1]. As the
process of urbanization result in the increase of urban land [2], people extend their active areas from
the city center to the outskirts of the city which
shows decentralization, low density, unitary function
area etc. Suburbanization has a significant impact on
the coordinated development of population, nature
and social system. But it does not consist with the
conservation of energy and resources in modern cities under the background of sustainable development
[3].
Western countries represented by the United
States consider if a region or a country has appeared
the spread of urban population, social institutions,
economic activities, entertainment and even political
influences from city center to the outer city, which
will finally lead to the stagnation and decline of city
center [4]. To cope with the problem, the American
Planning Association and 60 public bodies formed
the “Smart Growth America” to identify the strategy
of “Smart Growth” [5]. Ten principles of smart
growth are established from land use, infrastructure,
environment planning, economic development and
other ten aspects respectively based on the three directions-economic prosperity, social justice and environmental sustainability [6]. "Smart growth" aims
to improve the efficiency of land use, curb the hazards of single vehicle traffic and the spread of builtup area. Then, urban development mode gradually
formed in order to protect the ecological environment, serve the economic development, promote the
coordinated development of urban and rural areas
and improve the quality of people's life.
With the construction of sustainable development city, the ten principles of smart growth are used
to measure the success of urban development. By analyzing the corresponding relationship between urban development strategy and smart growth, an evaluation index system is established to provide constructive guidance for the rational development of
the city. For the establishment of an effective smart
growth evaluation index system, this article construct the index system in accordance with the ten
principles and three goals according to the connotation and characteristics of smart growth, providing
the feasible method to realize the urban

Nowadays, city planning with the core of smart
growth has attracted more and more attention all
over the world. In order to cope with the rapid development of world urbanization, America first adopted
the "smart growth" strategy and proposesed ten principles of smart growth to curb the spread of cities,
thus building a sustainable development city with
economic prosperity, social justice and environment
sustainability. This article combines four important
indicators of geographical, environmental, social
and economic conditions to establish an indicator
system for evaluating the sustainability of the city
based on the ten principles and 3E index.
This article selects two places San Diego, USA
and Adelaide, Australia to be the research object.
According to the index system model, we evaluate
the current growth plan. We use the entropy evaluation method to calculate the weight of each indicator
of the city. The factors weight of San Diego were
0.308; 0.271; 0.172; 0.249 in economy, society, environment and geography, respectively. The factors
weight of Adelaide are 0.310; 0.288; 0.230; 0.172 in
economy, society, environment and geography, respectively. The entropy evaluation method and fuzzy
comprehensive evaluation are used to assess whether
the city meets the requirement of smart growth. The
result shows that, the coordination coefficient of the
two cities gradually reduced after 2016 which are going to toward the unsustainable development. Based
on the smart growth evaluation index system and optimized urban plan combined with the time series,
we predict the data from 2016 to 2050 and evaluate
the future development of the two cities through the
entropy method. As a result, the two cities-San Diego and Adelaide are sustainable development cities
which conform to the principles of smart growth.


%# 
Smart growth, Sustainable Development, Impact, Environmental sustainability
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With the rapid development of urban economy,
the acceleration of urbanization will inevitably
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3*/)'8467=78+2,4696('372'68-64;8.
Target layer
Smart growth degree

Index layer
Economic prosperity
degree

Variable layer
The per capital GDP (dollars per person)
The local GDP (million dollars)
The number of public vehicles (per million)
The proportion of recreation expense of total expense (%)
The per capital disposable income (dollars)
The number of tourists per year (per million)
The prosperity degree of city center (%)

Socially
equitable
degree

The average commute time (minutes)
The number of health security mechanism (hundreds)

Environmental sustainability

Geographical conditions

The urban crime index (cases /square kilometer)
The proportion of public recreation facilities (%)
The proportion of religion freedom (%)
The number of urban living cost (dollars)
The proportion of educational inequality (%)
The forest acreage (square kilometer)
The water quality compliance rate (%)
The harmless treatment rate of solid waste (%)
The air quality good rate (%)
The total noise ratio of urban function area (%)
The industrial wastewater discharge rate (%)
The built-up area (square kilometers)
The proportion of second industry (%)
The proportion of third industry (%)
The local population (million people)

sustainable development as the ultimate goal of
smart growth.
Based on the principles of scientific, feasibility,
hierarchy, dynamism, and typicality of the index system, we set evaluation index system of smart growth
from relevant factors of urban space expansion
caused by urbanization [7]. From three aspects of environmental, social and economic sustainability, the
smart growth of related cities were evaluated.


  

3*+< 7=78+2+78'(1/7.2+38 First, we determine the target layer for assessing the degree of urban smart growth. Then, we determine the index
layer that reflects the sustainability of urban development from economy, social, environment and geography. The variable layer was based on the index
layer to select some more specific indicators to reflect the sustainability of their own index layer. Finally, we combine the principles of smart growth to
determine the variable layer with 24 indicators. According to the indexes we have chosen, we will establish the evaluation index system of urban intelligent growth success rate, which is the evaluation index system of urban sustainable development index
system (see Table 1).

Diego in the United States and Adelaide in Australia
as our study areas. With the economic and social development, urbanization accelerated, San Diego is
facing many problems of natural disasters under the
influence of geographical condition. Thus, urban
smart growth is particularly necessary [8]. With the
rapid development of the city, the problem of economic development has confused the government of
Adelaide [9]. Therefore, it is reasonable to choose
these two cities for study.
The data used in this paper were mainly from
San Diego’s per capital GDP, local GDP, urban cost
of living index, forest acreage and so on from 2005
to 2015. When it is designed, the data availability
and simplification are considered, most of the indicator data can be found from the statistical department. In the case of a missing indicator, it is replaced
by an average of two years. After finishing the data
collection, all data need standardized treatment. Because the positive and negative orientations of the
units and indexes of each set of data are different. If
untreated, we can not make reasonable comparison
and analysis between the data. When the index value
is greater, it’s more beneficial to the system development so as to use positive indicator method. On
the contrary, we use negative indicator method for
data processing. The computation formulas (1) and
(2) are as follows:

4*+1437869)8/43To ensure the integrity of
the research, we select two mid-sized cities with a
population of about 100,000 on two different continents. Considering many factors, we chose San

Positive indicator:

  =
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Negative indicator:
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the plan will be and vice versa. Since the above index
boundary is not very obvious, we first evaluate the
single factors. Then, the fuzzy comprehensive evaluation can be used for all factors to solve the deviation from accuracy assessment of "yes" or "no" to the
objective reality [12].
We judge the growth plan of a city according to
the maximum principle of membership degree and
the calculation of comprehensive evaluation value. If
the judgment degree is high in the evaluation matrix
after calculating the comprehensive evaluation
value, we can consider that the city is a very successful plan for smart growth. By searching the cities
who has the highest ranking in these aspects-resources, environment, economy, social security,
welfare and the living quality, the corresponding indicators can be calculated, and we take 85% of the
total indicators values to be the critical value.
Use the weighted average of fuzzy arithmetic
operators M(•,⊕) to determine index weight matrix
A and fuzzy relationship matrix R, and the formula
is:

⎛ 
⎞
 = ∑ (  ⋅  ) = min ⎜1, ∑  ⋅  ⎟ ,  = 1, 2,,  (6)
 =1
⎝  =1
⎠
Where  is the comprehensive membership
degree,  is the membership vector of single factor
evaluation, j is the number of the evaluated indicators. Synthesizing the A and R will get the vector of
fuzzy evaluation results B.


(2)

Where max (x) and   are the maximum
and minimum values of the  evaluation index of the
 sample, respectively. And  is the value of the jth evaluation index of the i-th sample,  is the index value after standardization.
There are many ways to calculate weight value
which are generally divided into two types: subjective weighting method, such as analytic hierarchy
process [10], Delphi method; objective weighting
method, such as the entropy method. Because this
paper uses lots of quantitative data, the entropy
method of calculating weight is more objective and
reliable.
On the basis of the establishment principle of
index system, this paper selects 24 variable layer indicators, and then calculates the weights by entropy
method after data normalization. Formula (3) to (5)
are as follows:
Information entropy:


  = −1/ ln  ⋅ ∑   ⋅ ln  

(3)

 =1

Information utility value:

  = 1− 

(4)

Index Weight:
! !

978'/3'(/1/8= '77+772+38 4, '3 /+-4 '3*
*+1'/*+,642 84 After calculation, we
can see that the weights of economy, society, environment, and geography respectively were 0.308
0.270  0.172  0.249  0.310  0.288  0.230 
0.172 in San Diego and Adelaide in the smart growth
evaluation index system. Thus, the economic and social impact on the effect of smart growth accounted
for a large proportion. Environmental and geographical impact was less [13]. Then, we can make the
fuzzy comprehensive evaluation based on the data
from 2005 to 2015. At last, we get the evaluation results. Finally, we get fuzzy membership table according to expert opinions (see Table 2). The comprehensive calculation values are shown in Table 3.



 =   / ∑  

(5)

 =1

Where  is the number of indicators,  is the
number of evaluated years, is the value of indicators after normalization.  is the entropy of indicators,  is the weight of the i-th index and  is the
information utility value.
The value of Information Utility is the difference between information entropy and 1. [11].
Therefore, the greater the information entropy is, the
smaller the utility value of the index information and
the index weight and vice versa. The evaluation
method we use was mainly to analyze the sustainability of urban space to evaluate whether the current
urban planning was in line with the principle of smart
growth. If sustainability is stronger, the closer the
current plan is to smart growth, the more successful

Evaluation
Economy
Society
Environment
Geography

Higher
0.13
0.16
0.11
0.21


+-6++4,2+2(+67./5
High
Common
0.31
0.24
0.21
0.27
0.35
0.17
0.24
0.19
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Low
0.21
0.19
0.23
0.14

Lower
0.11
0.17
0.14
0.22
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Evaluation
San Diego
Adelaide


4256+.+37/:++:'19'8/43:'19+74,8.+)/8=
Higher
High
Common
Low
0.15
0.27
0.22
0.19
0.15
0.28
0.22
0.20

!
978'/3'(/1/8=56+*/)8/434,'3/+-4,642 84 

Lower
0.16
0.15



growth evaluation system, the city smart growth rate
of San Diego and Adelaide gradually increased by
2050, but Adelaide is still in negative growth from
society aspects. It is demonstrated that both of the
two cities are developing in accordance with the
smart growth, and 3 objectives of economic prosperity, geographical conditions and environmental sustainability have been achieved, but Adelaide should
focus more on the development of the social living
happiness. At the same time, the smart growth rate
of two cities have declined in 2015, but they also
maintained at a high level. The rapid growth of the
population still has a great influence on the smart
growth, which is not conducive to sustainable development.
The weight of each index are calculated, and we
get the total weight of the four subsystems (economy, society, environment and geography) in the index system to assess the sustainability of urban
space. The adaptability of this model is strong
enough to judge whether the various types of cities
are accordance with the smart growth. But the indicators of index system are selected according to the
feasibility principle, and data are from statistical year
book. Although the data obtained from these resources are relatively accurate, there are still some
indicators which can better reflect the sustainability
of urban space are not being selected because of the
difficulty of obtaining them, so the index system is
one-sidedness in some aspects. Accordingly, we
should collect and combine some expertise and development requirements to establish a more objective index system to evaluate the sustainability of urban space.

The results show that the comprehensive evaluation value of the two cities are high, but the urban
development is mainly driven by the economic development. The single factor evaluation of the social,
environmental and geographical conditions are not
satisfactory. The smart growth of the two cities is
still in a state of unstable science. From the table
above, we can see that the economy development has
the largest weight. It shows that the increasing economic impact is greater than the impact of social, environmental and geographical conditions, and there
are some problems of inefficient economic development model.
Based on the conclusions above, we formulate
the urban smart growth optimization scheme which
is a necessary way for the sustainable development
of San Diego and Adelaide. For San Diego, the first
thing is to improve people's living happiness. Because of the tropical desert climate, it’s better to
deepen the construction of city culture along with the
development of local economic, such as increasing
the landmarks of the city, improving people's living
happiness as the future development space of San
Diego’s high-end service industry. Then, the reuse
and redevelopment of inefficient industrial land is
necessary [14-18]. For Adelaide, the vertical utilization of urban land should be strengthened so as to
improve the land use efficiency [19, 20]. By optimizing the urban planning based on the principle of
smart growth, we use the time series to predict the
index values from 2016 to 2050.
978'/3'(/1/8= 56+*/)8/43 4, '3 /+-4 '3*
*+1'/*+,642 84 The results show that
after using the optimized urban planning by smart
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It can be seen from the calculated results of
weights, whether it was San Diego or Adelaide, the
economic factors have the greatest impact on the
evaluation index system of smart growth effect.
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the field of human and animal health as the immune
system appears to be most sensitive to Al exposure
[5]. For human, Al is a well-known neurotoxin and
a possible candidate being of hepatotoxins [6]. It
can accumulate in the liver as a low toxicological
metal, and toxic effects of Al is linked to the development of dialysis dementia, osteomalacia, Alzheimer's and Parkinson's diseases [7-10]. Al is reported to accelerate oxidative damage to the biomolecules and it can accumulate in central nervous
system (CNS) easily [11, 12]. Exposure to Al neurotoxicity is accompanied by the perikaryal accumulation of tangles of the phosphorylated neurofilaments
(NFs) [13]. The toxic effects of Al on nervous system especially occur at high concentration such as
causing loss of memory, speech disturbances,
dysparaxia, tremors, jerking movements, impaired
muscular coordination, and paralysis [14-16]. Al
exposure and its toxicity to reproductive system
have also been investigated and some damage to the
reproductive system of aluminum deposits has been
identified [17, 18]. The molecular mechanisms
causing these symptoms may include oxidative
stress induction, membrane function disruption,
gene structure impairment and disruption of mineral
metabolism of several metals [19, 20]. Exposure of
Al can cause free radical-mediated cytotoxicity,
lipid peroxidation and altered protein phosphorylation and these generate reactive oxygen species
resulting in oxidative deterioration of lipids, proteins and DNA. Therefore, the estimation of free
radical generation and antioxidant defense has become an important aspect of investigating Al toxicity [21, 22]. Al accumulates in the organs of the
organism including spleen which is peripheral organ of the immune system and the accumulated Al
may alter the immune function. There is remarkable
and considerable evidence to demonstrate that the
accumulation of Al in body tissues is associated
with the damage for the target organs [23, 24].
As can be understood from the above information, Al is an element affecting human and ani-

Aluminum (Al) is present on earth surface has
different chemical forms. It is a toxic metal and it
may cause different disorders such as osteomalacia,
microcytic anemia, Alzheimer and Parkinson's
disease. Thus, it is very important to understand the
effects of Al on different organs. In order to examine its accumulation, rats (male Wistar) were exposed to 5 mg/kg/day AlCl3 through gavage method
for 30 days. At the end of the process, heart, brain,
kidney and skin were removed and dried under
sunlight. The samples were analyzed on a sequential Wavelength Dispersive X-ray Fluorescence
(WDXRF) spectrometer. The results indicate that
Al accumulates significantly in the brain. These
results can be associated with neurotoxin effects.
Although this study focused on the accumulation of
Al, the concentration changes of detected elements
from Beryllium (Be) to Uranium (U) accumulations
were analyzed. The current study has proved that
the WDXRF method is a quick, inexpensive and
effective method in toxicological studies.


'% !
Aluminum, Bio-distribution, Wistar Rat, WDXRF

" #"
Aluminum (Al) is the third most abundant element and the most common metal on earth’s crust,
existing primarily as polymorphous aluminumsilicate (Al2O5Si) in rocks and soils [1]. Al is used
in several manufactured foods and medicines as
well as in water purification [2]. This metal is widely used in daily life and this use leads to environmental release [3]. Al may accumulate in human
body from diet, occupations, and the use of cosmetics, medications, and adjuvant exposure [4]. The
toxicity of Al was shown in many experimental
studies and this effect attracted growing concern in
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studies about aluminum. These studies give us
some insights about the negative effects of Al toxicity on neural, immune and reproduction system.
That's why it is crucial to understand the effects of
Al accumulation in various organs and tissues.
Apart from Al, other elements (C, O, Cl, Na, Mg,
Al, Si, P, S, K, Ca, Ti, Mg, Fe, Cu, Zn, As, Rb, Sr
and Pb) were analyzed, and concentrations were
compared in the hearts, brains, kidneys and skin of
rats according to the control group.

mal health negatively and it takes a great place in
our daily lives. A great numbers of studies regarding the Al effect on immune function have demonstrated that Al suppressed immune function and the
association of Al with the immune system has resulted in allergy or autoimmunity [5]. Some of the
research on this issue reveals that acid-suppressing
drugs in mice can cause allergic response, and
AlCl3 also has a mutagenic potential. Based on
these investigations, researchers observed that
AlCl3 is clastogenic and indirectly affects the construction of mitotic fuse in all the tested concentrations [25]. It has been deduced that AlCl3 has unfavorable effects on the male rats’ testicular function
where AlCl3 can change the balance of trace element decreases the spermatogenesis and the activities of testicular enzymes [26]. Furthermore, Al
accumulates in the ovary could damage the ovarian
structure of the female mice and it can result in
ovulatory disorders with disturbed hormone profiles
and this damaged ovary structure can lead to infertility [27, 28]. Exposure to Al impair the secretory
function of reduce the levels of FSH and LH in rat
serum that Al is a potential risk to female infertility
[10]. Moreover, AlCl3 can damage the BCL-W
gene, an anticancer gene belong to the DNA repair
system in brain cells, and can regulate R-spondin
and inositol polyphosphate 4-phosphatase genes
that have a role in cell proliferation [29]. The effect
of iron deficiency and iron load on Al deposition
was also investigated by the researchers. Based on
the findings it was ascertained that in case of iron
deficiency, high aluminum uptake was determined
in the intestines of rats. In addition, high aluminum
storing was observed in the spleen, lungs and blood
plasma of the rats. In contrast, it was detected that
aluminum deposition decreased in the tissues in the
case of iron overload [37].
In toxicology studies, a number of analytical
methods such as Atomic Absorption Spectroscopy
(AAS), Inductively Coupled Plasma – Mass Spectrometer (ICP-MS), High-Performance Liquid
Chromatography (HPLC) and X-Ray Fluorescence
(XRF) can be used for elemental analysis. XRF is
either wave dispersive X-ray fluorescence
(WDXRF) or energy dispersive X-ray fluorescence
(EDXRF). In this study, WDXRF technique was
used. There are a number of advantages over other
techniques. For example, many elements can be
determined simultaneously, it is non-destructive,
simple, fast and less expensive than other techniques. As such, it has been used for the analysis of
biological, chemical and geological samples within
ranges from parts-per-billion (ppb) to 100% [3841].
Consequently, the aim of the present study
was to examine elemental change in different organs of rats subjected to AlCl3 by using a quick and
inexpensive analysis technique (WDXRF). Since Al
is widely used in daily life, there are many different

" !"!

4897:3,498In this study, an agate mortar, a
digital scale (Ohous TS 120), a hydraulic press
(SpexPmax =3.5×107 kg/m2), a WDXRF spectrometer (ZSX-100e with Rhodium target X-ray controlled by ZSX software) were used. This system
analyzes the elements from Be (Beryllium) to U
(Uranium). WDXRF instrument consist of a detector, an amplifier, a discriminator, a counter and
printer units. The system includes a 4 kW 70 kV
end-windows X-ray tube. The detector converts the
falling X-rays to measurable pulse. It has the property of the micro area mapping down to 0.5 mm.
The X-ray detector is used in the following three
spectrometers: proportional, gas flow and scintillation detectors. The other features of the system are
included up to five primary beam filters, 10 analyzing crystals, eight limiting area diaphragms, optional secondary collimators, automatic sample changer, compact design and multi-window, multifunction fundamental parameters software. The
discriminator filters the pulses coming from the
detector, and allows them to pass through certain
height pulses. These pulses are saved in a recorder.
If required, the system can show the number of
pulses (of violence) as a function of the wavelength
and the angle of the reflection spectrum in diagrams. Matrix-correction process is conducted
automatically by this system including line overlaps. Rigaku has improved their semi-quantitative
software package further with the introduction of
SQX can also correct the secondary excitation effect by photoelectrons (light and ultra-light elements), varying atmospheres, impurities and different sample sizes. Increased accuracy is achieved
using Matching Library and Perfect Scan Analysis
Programs. The Fundamental Parameter Method is
used to determine the mass concentration by using
measured counts. This method is a kind of compensation analysis method X-Ray Fluorescence Analysis and mathematically compensates the matrixeffects overlapped effects [38]. WDXRF is a unique
technique to use when fast and accurate elemental
analysis is needed. The equipment ensures qualified
results to be obtained from the rat tissues without
needing advanced analytical skills. [38- 42].
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=6,703,49(2 !,*9054 The study protocol
tube. The measurement room temperature was 20was approved by the Ethical Committee of Atatürk
21°C, and it was a relatively dry environment. The
University, Erzurum, Turkey, according to the prinexperimental geometry was the same for all the
ciples of laboratory animal care. The study was
samples. The basic differences between the G1 and
carried out with 12 certified male Wistar rats (mean
G2 were examined. The obtained spectra were
drawn via the Origin 7.0 software. By using a specinitial weight of 253±14 g). The rats were supplied
by Atatürk University Experimental Medical Retroscopic technique, the current study examined
search and Application Center, Erzurum, Turkey.
whether the employed AlCl3 diet actually influences
the organ content of the rats. These graphs were
The rats were kept in standard glass cages at room
plotted with the average of 6 samples. In this study
temperature. They were maintained in normal daily
four different organ tissues were investigated sepalight cycle (at room temperature, with sun cycle).
rately.
The rats were randomly divided into two groups
" 
with each group containing six rats: control group
%,0./95-6,22,98
(G1) and AlCl3 diet group (G2). In the group G2,
7.(4
%,0./9.
the rats were orally fed with AlCl3 for 30 days with

 
 
5 mg/kg/day by gavage method. During this period,
,(79
0.25±0.010
0.29±0.035
15-25 g daily commercial laboratory chow and 137(04
0.30±0.115
0.34±0.030
17 ml water was given to each rat. This commercial
0+4,>
1.32±0.020
1.27±0.035
chow comprises oats, barley flour, meat, milk pow!104
1.83±0.025
1.88±0.015
der and fish oil. At the end of this period, the rats
G1: control group; G2: experimental group
were sacrificed the different organs (heart, brain,

kidney and skin) were excised and they were dried
!9(90890*(24(2>808To see whether there is a
under sunlight for 2-3 days [to prevent the system
significant difference between groups; Mannfrom being affected by humidity (the vacuum conWhitney-U Test has been applied for all the measdition of the sample chamber of the system is afurements using SPSS-17. Results are given in Table
fected by humidity)]. During drying procedure, the
2.
organs were placed over a tulle-covered glass con
tainer to prevent cross-contamination of the organs.

Nevertheless, possible sample contamination has
!#"!!#!!
been evaluated in systematic errors. After drying

the organs were separately ground in an agate mor,8:298 Al exposure caused significant
tar. Six samples were prepared for each tissue from
changes in elemental concentrations especially in
both groups. These samples were then pressed into
brain and skin tissue of the rat. In brain, Al inuniform pellets of 20 mm diameter and ∼2.0 mm
creased when compared to G1 values. Also while
thickness using a hydraulic press machine (SPEX, P
Mg and Na increasing, Ca decreased. It was ob= 25 tons/cm2) with a standing time of 120s. After
served that K, Si, Ca, Mg, Al concentration ratios
the beam from the X-ray tube passes a primary
increased in heart samples after the AlCl3 diet.
beam filter with a 20 mm diameter, it is reflected on
Especially the increase in K is remarkable. The
the sample.
elements of C, Cl, P, S, K, Ca, Al, Br, Zn and Fe
The beam affects the surface of the whole
were found in higher amounts in the skin tissue of
sample. Since the pellets were easily formed and
the G2 rats. Finally, K, Si, Mg, Fe, Ca, Al, Cl and P
not scattered, a bonding material (e.g. cellulose
elements increased in kidney following the dietary
microcrystalline) was not used to glue the sample
AlCl3 although there were no significant decreases
powders and the average weights of the pellets are
in terms of specific elements after spectroscopic
given in Table 1. These pellets were analyzed on a
investigations.
WDXRF spectrometer equipped with the Rh X-ray

" 
6;(2:,8),9<,,49<5.75:68-57,(*/,2,3,495-(229/,9088:,8
ELEMENTS (p-value)
P
S
Si
Brain
0,653
0,077
0,050
Kidney
0,317
0,099
0,046
Skin
0,037
0,046
0,507
Heart
0,268
0,376
0,046
ELEMENTS (p-value)
Tissues
Zn
Na
Mg
Al
Rb
Fe
Brain
1,000
0,037
0,037
0,037
1,000
1,000
Kidney
0,121
1,000
0,011
0,045
1,000
0,034
Skin
0,037
1,000
0,317
0,037
1,000
0,037
Heart
1,000
1,000
0,037
0,037
1,000
1,000
*If the p < 0, 05, there is a significant difference between the groups G1 and G2 in terms of elements.
Tissues

O
0,050
0,827
0,050
0,050

C
0,275
0,050
0,043
0,275

Cl
0,050
0,317
0,025
0,513
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K
0,077
0,046
0,043
0,000

Ca
0,034
0,037
0,046
0,034

Fn
1,000
0,114
1,000
1,000

Cu
1,000
1,000
1,000
1,000

Se
1,000
1,000
1,000
1,000

Br
1,000
1,000
0,037
1,000

"!

 #    





    


" 
,7*,493(887(9058-753(228(362,85)9(04,+)>%& 86,*9753,9,7
Elements (%Mass)
P
S
Si
0.0115
0.0057
0.0026
G1
±0.024
±0.000**
±0.016
Brain
0.0116
0.0056
0.0021
G2
±0.008
±0.031
±0.026
0.0000
0.0001
0.0012
G1
±0.000**
±0.000
±0.004
Kidney
0.0001
0.0002
0.0017
G2
±0.000
±0.000
±0.007
0.0001
0.0002
0.0033
G1
±0.000
±0.000
±0.001
Skin
0.0340
0.0023
0.0050
G2
±0.031
±0.019
±0.027
0.0072
0.0096
0.0014
G1
±0.018
±0.001
±0.003
Heart
0.0073
0.0087
0.0022
G2
±0.022
±0.004
±0.006
Elements (%Mass)
Tissues
Groups
Zn
Na
Mg
Al
Rb
Fe
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
G1
±0.000**
±0.000**
±0.000**
±0.000**
±0.000**
±0.000**
Brain
0.0000
0.0306
0.0011
0.0005
0.0000
0.0000
G2
±0.000**
±0.012
±0.007
±0.002
±0.000**
±0.000**
0.0001
0.0000
0.0006
0.0001
0.0000
0.0001
G1
±0.000
±0.000**
±0.002
±0.000
±0.000**
±0.000
Kidney
0.0001
0.0000
0.0008
0.0015
0.0000
0.0003
G2
±0.000
±0.000**
±0.003
±0.001
±0.000**
±0.001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
G1
±0.000**
±0.000**
±0.000**
±0.000**
±0.000**
±0.000**
Skin
0.4017
0.0000
0.0000
0.0098
0.0000
0.5610
G2
±0.034
±0.000**
±0.000**
±0.017
±0.000**
±0.005
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
G1
**
**
**
**
**
±0.000
±0.000
±0.000
±0.000
±0.000
±0.000**
Heart
0.0000
0.0000
0.0015
0.0002
0.0000
0.0001
G2
±0.000**
±0.000**
±0.001
±0.001
±0.000**
±0.000
**The amount of the element is below the detection limit of the system
Tissues

Groups

O
99.312
±0.015
99.264
±0.025
99.032
±0.022
99.049
±0.025
96.022
±0.008
97.324
±0.011
99.234
±0.009
99.353
±0.010

C
0.6145
±0.019
0.6220
±0.073
0.9639
±0.017
0.9440
±0.023
1.2300
±0.012
1.5780
±0.016
0.6110
±0.032
0.6057
±0.012

Cl
0.0508
±0.026
0.0611
±0.064
0.0000
±0.000**
0.0001
±0.000
0.0001
±0.000
0.0030
±0.010
0.1351
±0.021
0.0155
±0.021

K
0.0018
±0.031
0.0018
±0.003
0.0017
±0.003
0.0021
±0.005
0.0001
±0.000
0.0003
±0.001
0.0034
±0.011
0.0058
±0.01

Ca
0.0006
±0.003
0.0002
±0.001
0.0001
±0.000
0.0015
±0.010
0.0001
±0.000
0.0013
±0.006
0.0001
±0.000**
0.0004
±0.001

Fn
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**

Cu
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**

Se
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**

Br
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0000
±0.000**
0.0229
±0.041
0.0000
±0.000**
0.0000
±0.000**

after Al intoxication. The present results can explain why Al affects neurons and cause nervous
system diseases. Thus, our findings indicated that
Al could easily accumulate in the brain after 30
days with AlCl3 dietary, and it could probably pollute the central nervous system (CNS) with its high
neurotoxin potential. In accordance to this finding,
previous studies showed that immune system could
also be affected from Al exposure, and the analysis
of Al accumulation in spleen, which is a peripheral
organ of the immune system, showed that the accumulated Al can alter immune function [24]. Also,
it was demonstrated that the accumulation Al in
body tissues damaged the target organs severely
[23]. Different researchers also have found that the
Al exposure disturb the secretory function of the
ovary, reduce levels of FSH and LH in the rat serum. Moreover, AlCl3 exposure changed the balance of trace element, decreased the spermatogenesis and the activities of testicular enzymes [10-26].
The molecular mechanisms of Al accumulation causing symptoms on the nervous system,
include oxidative stress induction, membrane function delay, interfering of gene expression and mineral metabolism disruption on several metals [19-

Shortly, as can be seen in Table 2, Table 3,
and Figure 1 the significant differences between G1
and G2 have been observed in all the tissues in
terms of the elements of Ca, Mg, and Al. In the
kidney tissues for Si, K, Ca elements, the significant value differences have been found. Especially
in skin tissues for C, Cl, P, S, K, Ca, Zn, Fe and Br
elements, the value differences have emerged. In
heart tissues for Si, K, Ca, Mg and Al elements,
remarkable differences between the groups have
been determined.
!#!!
The presented results show that Al and Cl increased in all the tissues after AlCl3 administrations
with the exception of Cl in heart tissue. Significant
increases were especially observed in the skin and
brain for both Al and Cl elements. When we consider the variation of Al in various organs, it can be
seen that skin has the most increase, with 0.0098%
mass, brain comes second with 0.0005% mass increase in Al amount heart and kidney have the same
amount of Al concentration with 0.0002% mass
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20]. One of the element that accumulates according
to the Al concentration is Cl. As a matter of the
fact, Cl amount increased significantly in the brain,
kidney and skin; yet, the concentration of Cl interestingly decreased in the heart. In addition, the
obtained results showed that there were significant
changes in the concentration of certain elements
that are very important for the body. For example,
Ca is very important for gene regulations and cell
biochemical activities; hence, a little change in Ca
concentration causes the vital results in all cell
types [39]. It appears that AlCl3 dietary affect Ca
concentration in the brain, heart, skin and kidney as
Ca increased in all the organs. Furthermore, it could
be argued that the Al exposure led to alterations in
one of the most important element for organisms,
phosphor (P).
P has many roles in cells such as protein activation, gene silencing, and pathway regulation [40].
The present results indicate that the P concentration
increases significantly in the skin. Some other elements (K, Si, Mg, Fe, O, C, Na, S, Zn and Br) could
be affected by Al, and some of them increased in
concentration while some others decreased. The
biggest element change has occurred in the skin
tissues.






#!
The present study shows that after rats orally
administration of AlCl3 to rats for 30 days, accumulation of Al was evident in skin and brain. The
study indicates that WDXRF is a reliable and sensitive analysis method for toxicokinetic and biodistribution studies.
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RELATIONSHIPS BETWEEN NATURAL AND ARTIFICIAL
AGING OF PURE INK DYE: MODEL STUDY
USING CRYSTAL VIOLET
Salih Cengiz, Dilek Salkim-Islek*, Esra Isat, Burak H Gungor
Istanbul University, Forensic Science Institute Campus of Cerrahpasa Medical Faculty Fatih, Istanbul, Turkey

ink dye. Since then, discoloration has been shown
to be a crucial issue for documents. Indeed, ink
fading leads to chromatic alterations of documents
or drawings, or even to a complete loss of information [8]. Some authors have tried to predict the
composition of ink dyes during this fading process
and use this for forensic document examination. By
measuring the ink composition on a written document, questions regarding the age of a document
can be answered [5, 8-12]. Crystal Violet (CV), and
its demethylation products, are still the most frequently preferred pigments for ink coloring because
of their low costs and strong coloration properties.
Since short-term ink aging can be simulated by
differential solvent extraction or desorption ratios,
monitoring and understanding the fading reactions
of these dyes will be crucial for determining true
long-term ink aging and preventing expert witness
on ink dating from being fooled.
The wavelengths of light that a document is
exposed to and other factors like: oxygen content,
humidity, temperature, and sulfur dioxide and nitrogen oxides (originating from air pollution and
industrial paper byproducts), are prominent environmental factors that affect the degradation reactions. Besides changes in the chemical structure of
dyes, dye concentration ratios play an important
role in the fading process [10, 13-16].
Although the aging of ink is affected by many
factors, examining the aging processes of dyes
belonging to the MV family is necessary for understanding the degradation mechanism of dyes on
paper.
Since we identified CV as the main dye component in 28 different ballpoint pens commercially
available and trademarked, an ink containing only
CV was prepared for our study. This ink was artificially aged under a light intensity of 29820 lx at
200±1000 nm and the decomposition products were
detected (MV, TPR, and smaller fragments). The
CV/MV ratio of artificially aged and naturally aged
samples was compared. Chromatograms from two
real case samples of fraudulent documents (exposed
to high intensity light to mislead expert witness on
ink dating) are presented.

ABSTRACT
Inks in written documents fade over time due
to physicochemical changes caused by exposure to
environmental factors like oxygen, humidity, light,
and heat. This fading is examined in detail with
advanced analytical methods. The age of a document can be determined from the amount of ink
fading. In this study, a ballpoint pen ink containing
Crystal Violet as the major component was prepared and changes to pure crystal violet over time
were examined. Ink samples were prepared by
printing from a cartridge filled with this crystal
violet solution onto paper and exposed to artificial
daylight for 33 hours. Changes in the ink composition were analyzed using High Performance Liquid
Chromatograpy. Additionally, inks from naturally
aged documents were analyzed in the same manner,
and the dye ratios were investigated to compare the
parameters for dye aging in dark, or only weakly
exposed to daylight, rooms. We found that the dye
ratio and degradation product peaks on the chromatogram contained useful information related to ink
aging rather than the absolute amounts of crystal
violet, methyl violet, and tetramethyl pararosaniline. A chromatogram from a real case sample
(fraudulent documents that were exposed to high
intensity light) that tricked expert witness on ink
dating was obtained and presented.

KEYWORDS:
Ink Aging, Document Chemistry, HPLC, Crystal Violet,
Dye Ratio, Case Study

INTRODUCTION
Document chemistry and ink aging have been
appeared in the literature since 1904 and first article
was written in 1920, starting with weak and stronger tartaric acid extraction ratio of iron gallatonate
and coming with weak and stronger solvent extraction ratio true low and higher temperature desorption ratio [1-7]. Methyl Violet (MV), which consists of a mixture of tetra-, penta-, and hexamethylated pararosaniline, was invented in 1861
and introduced to the market in 1866 for use as an
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μL methanol, the vials were vortex-mixed at high
speed for 5 minutes and a 20 μL aliquot was injected into the HPLC.

MATERIALS AND METHODS
Samples, Chemicals, and Reagents. Chemicals: methanol (HPLC grade), acetonitrile (HPLC
grade), sodium dihydrogen phosphate, phosphoric
acid (85% concentration), and CV were purchased
from Merck (Germany). Phenoxyethanol was purchased from Fluka.
Ink samples were printed onto standard office
paper from Mopak (Turkey). Test samples were
obtained with a Haris US Uni-Core 1.00 mm hole
punch. Ballpoint pens (28 different trademarked
models) were commercially obtained for determination of their ink composition. An Osram vitolux
tungsten lamp (220±230 V, 300 Watt, 200±1000
nm wavelength, 29820 lx, Italy) w was used for
artificial aging.

Instrumentation and Analysis. A Thermo
Spectra System SCM 1000 with auto sampler AS
3000, UV/visible detector, and Onyx C18 column
(100 × 4.6 mm) was used for the HPLC system.
The elution solvents were as follows: channel A,
0.05 M aqueous phosphate buffer; channel B, 100%
methanol; and channel C: 100% acetonitrile. The
gradient program used is shown in Table 1.

RESULTS AND DISCUSSION
Using a validated HPLC analysis method, we
found that 3.14% of CV dye naturally transforms to
MV prior to light exposure. The results of artificial
aging curve is shown in Fig 1. The CV/MV ratio of
the original composition was accepted as the ratio
coinciding with point zero in the aging curve. The
amount of MV (demethylation product of CV)
increased while the amount of CV decreased, and
total amount of all components measured also decreased. The CV% dramatically decreased from
96.26 to 65.46 during the first 3 hours of light exposure while the CV/MV ratio decreased from
25.71 to 2.54. The most important finding of this
study was that, because the absolute quantity of the
dye components transferred to paper were very
dependent on the writing pressure and velocity,
none of the absolute changes in the amount of any
component itself could serve as an aging parameter
except for the CV/MV ratio. Thus, the absolute
values of each ink component were questionable
parameters in the determination of ink aging, but
the CV/MV ratio and the increase in phenolic fragments were useful parameters.
Figure 2 displays the overlaid HPLC chromatograms from the freshly written document and the
document subjected to artificial aging for 33 hours.
These chromatograms showed the decrease in total
dye content as a result of fading. Most of the dye
degradation products (retention time: 0±2 min)
appeared prior to the main dye components CV,
MV, and TPR.

Preparation of CV Solutions, Artificial Aging, and Sampling. A standard ballpoint pen was
disassembled and the ink tube and writing mechanism were washed carefully by methanol and dried.
CV (1.5% w/w) was dissolved in phenoxyethanol.
The final solution was filled into the dried ink cartridge and used to print the sample lines. Fresh
samples were taken immediately (time stamp of 0.0
min) from the document using a 1 mm hole punch.
Then, the papers containing the CV test solution
were positioned 30 cm away from the light source
vertically and exposed to light for 33 hours (29820
lx as measured by a lux meter at the same distance
and angle). Two punch samples were taken from
the document after each hour during this artificial
aging process and transferred into vials. After the
addition of 100 μL methanol, the vials were vortexmixed at high speed for 5 minutes and a20 μL aliquot was injected into the HPLC.
Sampling from Naturally Aged Documents
in Archives. Two types of archived documents
were chosen. The first sample was obtained from a
filing cabinet in a semi-dark basement (monitored
light intensity of 13±42 lx). The second sample was
obtained from an archive exposed to weak daylight
(monitored light intensity of 120±350 lx) and maintained at room temperature.
Two punch samples were taken from each of
the randomly selected documents and transferred
into HPLC sampling vials. After the addition of 100

TABLE 1
Mobile phase composition and gradient program
Step

Time
(min)

1
2
3
4

0.00
0.2
8
10

Mobile Phase A %
(0.05 M Phosphate
Buffer)
50
50
30
50

Mobil Phase B %
(100% Methanol)

Mobil Phase C %
(%100 Acetonitrile)

Flow Rate
(ml/min)

30
30
40
30

20
20
30
20

3
3.5
3.5
3
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FIGURE 1
Changes in CV/MV ratio under irradiation with light for 33 hours

FIGURE 2
Overlaid chromatograms from aging of CV after 1 and 33 hours
TABLE 2
Area, total area and component ratios established from the naturally aged samples in basement nearly
dark room (13-42 LUX) and under day light effect 120-350 LUX (N:9)
Time
(year)
2015
2013
2011
2009
2007
2005

Total Area
±Std Dev.
(13-42 LUX)
40354 ± 27306
48362 ± 18213
59339 ± 38331
51767 ± 26592
37341 ± 23499
34958 ± 11415

Total Area
±Std Dev.
(120-350 LUX
22221 ± 14203
26743 ± 9486
34834 ± 25406
34602 ± 27636
34602 ± 27636
33474±2675

7171

CV/ MV
±Std Dev.
(13-42 LUX)
1,25 ± 0.1
1,0 ± 0.1
1,0 ± 0.2
0,9 ± 0.1
1,0 ± 0.1
09 ± 0.07

CV/ MV
±Std Dev.
120-350 LUX)
1.3± 0. 2
1.2 ± 0.1
1.1 ± 0. 2
1 ± 0.1
0.9 ± 0. 1
0.8 ± 0. 1
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FIGURE 3
Comparison of two samples from different archiving conditions

FIGURE 4
Signatures, Related Chromatograms and Calculated Cv/Mv Ratios in Case 1

FIGURE 5
Signatures, related chromatograms and calculated CV/MV ratios in Case 2
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A comparison of archived materials from
bright and dark rooms showed that one should also
be very careful in the estimation of document age
by comparison of ink dyes because no document
has been kept in a bright room all of the time. Considering that most forensic documents are kept in a
dark environment and only sometimes exposed to
light, a forensic chemist must question if the document should exactly obey the aging curve from
Figure 3. The forensic chemist needs a lodestar or
pathfinder to decide whether the document was
exposed to light or not. An important result from
this study was that the presence or formation of
other small degradation products in the HPLC
chromatograms (other than CV, MV, and TPR)
within retention time period of 0±2 minutes is due
to light exposure. Peak magnitudes of these formed
products in forensic documents can provide information on whether the document was subjected to
aging under light or naturally aged in the dark over
a long period of time.
If there is no evidence supporting the age estimation beside this method, since very small
changes due to fading over years under the fading
VXUIDFHWKHTXHVWLRQRI³ZKHWKHUWKHVDPHSHQDQG
same ink were used on the same document at the
VDPH WLPH´ FDQ EH DQVZHUHG HDVLO\ 8QOHVV RWKHU
pieces of evidence, such as other compounds resulting from the exposure to light or total fading
amount, are present, the CV/MV ratio versus time
fading results will confirm true aging. These results
become powerful when supported with directly
obtained surface analysis data from LD-TOF-MS,
taking an important disadvantage into account,
because the lower mass fragments can from other
members of the triarylmethane family of dyes [1819, 25]. Since light, or heat, exposure not only
degrade and fade the ink dyes, but also evaporate
the solvents, estimating short-term ink aging with
solvent loss ratio methods [6, 23, 26] may prevent
true results, resulting in an incorrect decision.
HPLC analysis and confirmation of the existence of
small degradation products should be necessary for
avoiding these false decisions due to the misuse of
scientific knowledge by a forger. This was demonstrated by the real case sample chromatograms in
Figures 4 and 5.

In addition, the CV/MV ratio of randomly selected blue inks samples from naturally aged documents (2005 to 2015) were determined. The
CV/MV ratios were calculated from the area values.
Comparison of the difference between nearly dark
(13±42 lx) and ambient conditions (120±350 lx) are
shown in Figure 3 and Table 2.
Figure 3 shows that the CV/MV ratio decreases to 0.75. This decrease was universal despite the
variety of ink formulations from documents in our
archive. The decrease in CV/MV ratio, resulting
from storage, gives rise to a test for the determination of ink age on same document.
Since forgery includes every misuse of scientific knowledge, using HPLC chromatograms, we
have demonstrated two real cases of documents
artificially aged by a forger to obscure the results of
forensic analysis (Figures 4 and 5). These chromatograms clearly show that the CV peak has vanished along with an increase in smaller fragment
peaks and peak intensities for demethylated forms
of this dye (retention time: 5.4 and 6.0 min) have
increased.

CONCLUSION
This study has demonstrated and confirmed
that MV and TPR are formed due to the photochemical degradation of CV. By HPLC analysis,
we detected the presence of CV, MV, and TPR (as
members of the triarylmethane dye family) in randomly selected pens from 28 different brands (all
ink compositions obtained from the three main ink
manufacturing factories in Turkey). Moreover, it
was experimentally confirmed that these degradation products should be useful for obtaining information on the age of an ink used on a document
[12±21].
Using a validated HPLC analysis method, we
found that 3.14% of CV dye naturally transforms to
MV prior to light exposure. This ratio was accepted
as the ratio coinciding with point zero in the aging
curve. The CV% was found to be dramatically
decreased from 96.26 to 65.46 after 3 hours of light
exposure while the CV/MV ratio decreases from
25.71 to 2.54. When the lines made on A4 paper
with ink formed out of CV having this condition
were subjected to artificial aging with light (intensity: 29820 lx), the amount of MV (CV demethylation degradation product) increased over time while
the amount of CV decreased, and total amount of
all components (as a measure of fading) decreased.
The most important finding of this study was that
none of the absolute changes in the amount of any
component itself can serve as an aging test parameter because of the variable thickness of the printed
lines. However, the CV/MV ratio and increased
quantity of smaller fragment peaks were found to
be useful parameters.
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structure of nitrobenzene is stable and difficult to
degrade. Once it mixes with water, it manifests as a
yellow-green oil sinking into water and penetrating
the soil. Consequently, water and soil pollution
becomes persistence. Aquatic and soil ecosystems
also elicit a series of adverse ecological effects and
environmental effects. Therefore, the current removal of nitrobenzene in water through treatment
technology should be understood.
Adsorption is considered superior to other nitrobenzene removal techniques. Adsorption provides many advantages, such as low price, rapid
sorption rate, convenient operation, and no secondary pollution. During adsorption, a certain element
or substance accumulates in the interface between
two phases, that is, between a solid surface and an
adjacent solution [3]. Activated carbon, with a high
porosity and an extensive surface area, has been
widely used as an effective adsorbent for several
target organic compounds in water and wastewater
treatment [4, 5]. Villacanas et al. [6] used activated
carbon for the adsorption of aromatic compounds,
and showed that dispersion is the decisive factor in
adsorption. Electrostatic effects cannot be disregarded. However, traditional activated carbon adsorbent is an unsuitable material in terms of adsorption efficiency, regeneration conditions, mechanical
strength, and service life. Therefore, adsorbents
with low cost, easy production, high biomass, and
good adsorption capacity should be developed.
The use of agricultural waste as a sorbent is
considered an efficient and economic method because of their availability, cost effectiveness, and
environmentally friendliness [7]. Different kinds of
agricultural wastes have been utilized to develop
various kinds of adsorbent materials successfully
through different pretreatments or modification
methods and have achieved optimum effects on
organic matter for adsorption. Sheng et al. [8] reported that nitrobenzene is completely removed
using corn stalks and rice straw as adsorbents when
pH > 7. Sugarcane bagasse (SCB), which is a solid

The Adsorption of nitrobenzene by using
NaOH as an activator to modified sugarcane bagasse was investigated, and various factors, such as
adsorbent dosage, adsorption time, and initial concentration of nitrobenzene, affecting the amount of
adsorption were explored. Adsorption experimental
results revealed that the adsorption equilibrium time
was 20, 15, and 10 min at 25 °C, 35 °C, and 45 °C,
respectively. The adsorption behavior most appropriately fit the pseudo-second-order kinetic equation with a regression coefficient of 2>0.9998, and
the calculated apparent activation energy was positive (47.956 kJ/mol). The Langmuir model was in
accordance with the experimental data ( 2>0.9919).
According to Langmuir isotherm linear analysis,
the maximum adsorption capacities were 76.98,
77.52, and 78.25 mg/g at 25 °C, 35 °C and 45 °C,
respectively. Sorption mainly relied on π–π dispersion force adsorption. As a result, the modified
sugarcane bagasse sorbent could be used as a possible alternative to remove nitrobenzene from
aqueous solutions.


'% !
Nitrobenzene, adsorption, sugarcane bagasse, kinetic
model, isotherm
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Nitrobenzene is an important raw material and
chemical product used in aniline and polyurethane
production and in oil refining [1]. It not only possesses a high toxicity but also carcinogenic, aberrant, and mutagenic characteristics, and it may accumulate in the environment. Exposure to nitrobenzene via inhalation or absorption through the
skin causes methemoglobinemia, thereby resulting
in fatigue, dizziness, headache and nausea [2]. The
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soild–solution equilibrium was achieved. Subsequently, all of the samples were removed and filtered using a micropore membrane with 0.45 μm
pore size, and 1–2 mL of filtrate was discarded to
avoid contaminating the solution with solid particles. The concentrations of nitrobenzene solution
were determined through gas chromatography (Agilent6890, USA).
pH under all of the experimental conditions
was 5.8. The effect of adsorbent quantity was
measured with different adsorbent doses (0.05, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 g) in 50 mL of
200 mL nitrobenzene solution at 25 °C. Nine initial
concentrations for nitrobenzene (50, 80, 100, 150,
200, 250, 300, 400, and 500 mg/L) were employed
to analyze the effect of initial concentration on adsorption at 25 °C, 35 °C, or 45 °C.

fibrous material generated after sugarcane stalk is
crushed and its juices are extracted, has been rarely
utilized for commercial purposes [9], and it can be
used for activated carbon production. However,
direct utilization is unsatisfactorily applied for adsorption because of its limited adsorption capacity,
and sugarcane bagasse should be modified to enhance its value [10].
This study aimed to investigate the sorption
removal of nitrobenzene from an aqueous solution
by using modified sugarcane bagasse with sodium
hydroxide (NaOH). Adsorption experiments were
investigated conducted by varying adsorbent dose,
temperature, contact duration, and initial nitrobenzene concentration. The adsorption kinetics and
isotherm of nitrobenzene adsorption onto the modified sugarcane bagasse were analyzed.


" !"!

,;7:8<176 316-<1+; Adsorption kinetics
study was conducted as follows. In brief, 0.3 g of
bagasse activated carbon was added to 50 mL of
200 mg/L nitrobenzene solutions and maintained at
25 °C, 35 °C, or 45 °C in a water bath oscillator for
different time intervals of 5, 10, 15, 20, 30, 40, 50,
60, 70, and 90 min. All of the samples were filtered
similarly through a 0.45 μm membrane filter.
Moreover, the total nitrobenzene concentrations in
aqueous solutions were determined through gas
chromatography (Agilent6890, USA). The amount
of adsorbed nitrobenzene was calculated following:

)<-:1)4; Sugarcane bagasse was obtained
and selected from a sugar mill located in Guangxi,
China. It was then rinsed with running water and
soaked in ultrapure water for 24 h. Subsequently,
SCB was cut into small pieces (60 mesh), dried,
charred in a charcoal factory, and stored in a desiccator. Nitrobenzene (98%, without further purification) was purchased from Shenyang Chemical
Company, China. Sodium hydroxide (NaOH) was
procured from Tianjin Chemical Reagent Factory,
China. -hexane (C6H14) was used as a chromatographic-grade reagent, which was procured from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). All other chemicals used in the present
study were of analytical grade, and all solutions and
reagents were prepared with ultrapure water.

:-8):)<176 7. ),;7:*-6<. SCB was modified with NaOH in the following procedures. (1)
Carbonized bagasse (g) was evenly mixed in 1:5 of
NaOH solution (L) and dried in an oven at 105 °C.
(2) The moisture-free samples were placed in a
muffle furnace according to a certain temperature
activation. (3) The activated sample was removed
from the muffle furnace and immediately rinsed
with (1+9) hydrochloric acid solution and washed
with ultrapure water to near neutral, dried, ground,
bagged and stored in a desiccator.

 = (0 −  ) / 

(1)

where,  (mg·g−1) are the adsorption quantities of bagasse activated carbon for nitrobenzene at
time ,  and  (mg·L-1) are the liquid phase concentration of NB at initial and at any time , respectively; (L) is the volume of the solution and (g)
is the mass of the prepared sugarcane bagasse activated carbon.
,;7:8<176 1;7<0-:5 Adsorption experiments were also performed to obtain isotherms. In
this group of experiments, different initial concentrations (50, 80, 100, 150, 200, 250, 300, 400, and
500 mg/L) were added in a set of conical flasks
(100 mL) containing nitrobenzene solutions (50
mL). Equal masses of 0.3 g of SCB activated carbon were blended in nitrobenzene solutions, and
each sample was kept in a water bath oscillator until the equilibrium was reached. The bottles were
then removed from the oscillator, and the final
concentrations of NB in the solution were analyzed.
The amount of adsorption at equilibrium, 
(mg·g−1), was calculated as follows:

,;7:8<176 -?8-:15-6<; ..-+<; 7. ),;7:8
<176 +76,1<176; The experiments were performed
in a set of conical flasks (100 mL) by mixing preweighed amounts of the desired sorbent powder in
50 mL of nitrobenzene solutions of desired concentration. The flasks were then capped in a water bath
oscillator at constant temperature (25 °C, 35 °C, or
45 °C) to stir the reaction mixture until a

 = (0 −  ) / 

(2)

where,  (mg·L-1) is the initial concentration
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of NB;  (mg·L-1) is the liquid-phase concentration of NB at equilibrium; (L) is the volume of
the solution and (g) is the weight of the prepared
sugarcan bagasse activated carbon used.

sorbent transfer dynamics, rapid adsorption ratio,
and large adsorption capacity [12]. As time passed,
the rest of the sorption sites could not easily function because of the repulsive forces between the
molecules of adsorbate and solid adsorbent. The
reaction speed gradually decreased until adsorption
equilibrium was reached. At the moment, the removal efficiencies of nitrobenzene reached approximately 97.0% (32.28 mg/g adsorption capacity), 98.6% (32.74 mg/g adsorption capacity), and
99.3% (33.05 mg/g adsorption capacity) for the
initial NB concentration of 200 mg/L at pH 5.8 and
at 25 °C, 35 °C, and 45 °C, respectively.
In Fig. 1, adsorption capacity increased as adsorption temperature increased. Therefore, the NB
adsorption was an endothermic reaction in this
study. As temperature increased, the rate of diffusion of the adsorbate molecules increased across the
external boundary layer and in the internal pores of
the adsorbent particles because of the decrease in
the viscosity of the solution. Changing temperature
alters the equilibrium capacity of the adsorbent for
a particular adsorbate [13].

!#"!#!!
..-+< 7. ;7:8<176 +76,1<176; 76<)+< <15-
)6,<-58-:)<=:- Contact time is an essential factor affecting the adsorption course. This study provided information on the minimum time required
for considerable adsorption to remove the maximum amount of nitrobenzene from a solution [11].
The effect of the adsorption time on adsorption
capacity and removal ratio was examined from 5
min to 90 min (Fig. 1). The adsorption capacity and
removal ratio increased rapidly as adsorption time
increased in the initial adsorbent stage. Some factors, such as the amount of active sites on bagasse
activated carbon and the concentration of NB, controlled the adsorption capacity and the removal ratio, respectively. Numerous adsorbent active sites
and high NB concentrations strengthened mass ad
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,;7:*-6< ,7;- Figure 2 shows the adsorption capacity and removal ratio of NB with an initial concentration of 200 mg/L at 25 °C in various
adsorbent masses. The pH of the solutions was
maintained at 5.8 until equilibrium. On the one
hand, increasing adsorbent dosage increased the
percent removal of nitrobenzene. This finding was
attributed to an increase in the adsorbent concentration, thereby increasing the available surface area
and adsorption sites [14]. The percentages of NB
adsorbed increased from 44.06% to 99.99% on
SCB activated carbon. On the other hand, the decrease in the adsorption capacity with the increase
in the adsorbent dosage was mainly attributed to the
unsaturation of adsorption sites during adsorption
[15]. The amount of NB adsorbed decreased from
88.12 mg/g to 12.49 mg/g when the adsorbent doses
of SCB activated carbon increased from 0.05 g/50
mL to 0.8 g/50 mL. Considering, the remaining
experiments at an adsorbent dose of 0.3 g/50 mL
for SCB activated carbon.


61<1)4 61<:7*-6A-6- +76+-6<:)<176 The effect of initial concentrations of NB on bagasse activated carbon was evaluated from 50 mg/L to 500
mg/L of NB at 25 °C, 35 °C, or 45 °C, and the additional operating parameters, such as sorbent dose
(0.3 g/50 mL), pH (5.8), and contact time (90 min),
remain constant. In Fig. 3, the overall trend for different temperatures was similar, that is, the actual
amount of NB adsorbed per unit mass of adsorbent
increased from 8.33 to 76.27 mg/g at 25 °C, from
8.31 to 77.04 mg/g at 35 °C and from 8.32 to 77.57
mg/g at 45 °C as NB concentrations in the test solution increased because the distribution between the
active adsorption sites of the adsorbent and the solution increased as the nitrobenzene concentration
in the solution increased. A larger concentration
difference between the solution and the surface of
the bagasse adsorbent leads to the greater momentum of nitrobenzene to migrate into the bagasse
activated carbon adsorbent. Therefore, the amount
of nitrobenzene adsorption increased significantly.
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The percentage removal of NB onto SCB activated
carbon decreased from 99.96% to 91.77% at 25 °C,
from 99.97% to 92.72 % at 35 °C, and from
99.99% to 93.21 % at 45 °C when the initial NB
concentration was increased from 50 mg/L to 500
mg/L.

relation coefficients of NB adsorption onto the SCB
activated carbon sorbent changed in the range of
0.8906–0.9496. This result shows that the experimental data did not fit well with the modified
pseudo-first-order kinetic model.
;-=,7;-+76,7:,-: 316-<1+ 57,-4 The
pseudo-second-order kinetic model, which is based
on the assumption that sorption is the interaction
between the functional groups on the adsorbent
surface and the adsorbate [17], can be represented
by the following:

1
1
(6)
=
+ 
2
 2  
The initial adsorption rate,  (mg/(g min)), as
=0 can be defined as follows:

!7:8<176 316-<1+; Uptake kinetics is also a
critical parameter in the design of sorption and the
evaluation of sorbent suitability because it controls
the size of sorption units [16]. Four famous kinetic
models,
namely,
pseudo-first-order,
pseudo-second-order, modified pseudo-first-order, and
intraparticle diffusion were used to fit the experimental data of adsorption time and capacity by linear fitting.
;-=,7.1:;<7:,-: 316-<1+ 57,-4 The pseudo-first-order kinetic model, which is commonly
used to determine the adsorption rate based on the
adsorption capacity [17], can be expressed as follows:

ln( −  ) = ln  − 1

 = 2 2

(7)

where the initial adsorption rate (), the equilibrium adsorption capacity (), and the pseudo-second-order constants 2 (g/(mg min)) can be
determined experimentally from the slope and intercept of plot  versus  (Fig. 4). Calculated correlations are closer to unity for the pseudo-second-order kinetic model ( 2 = 0.9998–1.000).
Therefore, the adsorption kinetics could be approximated more favorably by the pseudo-second-order kinetic model for NB adsorption
onto the SCB activated carbon sorbent. 2 and  are
calculated from Fig. 4 as 0.0689–0.2431 g/(mg min)
and 26.9542–122.1001 mg/(g min), respectively
(Table 1). Equilibrium adsorption capacities ()
were close to the actual values that were determined
by the experiment.

(3)

where  (mg·L-1) is the amount of nitrobenzene adsorbed at time  (min);  (mg·L-1) is the
amount of the nitrobenzene adsorbed on the adsorbent at time under equilibrium conditions;  is the
pseudo-first-order rate constant (min−1).
Plotting the value of ln(−) vs. , we obtained a straight line with slope −1 and intercept
ln (Fig. 4). 1 and  at different initial NB concentrations are presented in Table 1. In Table 1, the
correlation coefficient 2 of NB adsorption onto the
SCB activated carbon sorbent changed in the range
of 0.8889–0.9500. These results have shown that
the experimental data do not agree well with the
pseudo-first-order kinetic model.

7,1.1-, 8;-=,7.1:;<7:,-: 316-<1+ 57,-4
The pseudo-first-order equation is modified through
the modification of its rate constant [18]. The following equation is proposed by denoting the rate
constant in the modified pseudo-first-order rate
equation by 1 (min-1):

(4)
1 = 1 

The modified pseudo-first-order rate equation
can be obtained as follows:

(5)
+ ln( −  ) = ln( ) − 1

If adsorption follows the modified pseudo-first-order kinetic model represented by Eq. (5),
the plot of /+ln(−) against  should be a
straight line (Fig. 4). 1 and  at different temperatures are presented in Table 1. In Table 1, the cor-

6<:)8):<1+4- ,1..=;176 316-<1+ 57,-4 Intraparticle diffusion model demonstrates the internal
diffusion process of adsorption. In detail, the adsorption will be controlled by internal diffusion if
the fitting line passes through the origin. The adsorption will be controlled by hybrid control if the
fitting line does not pass through the origin [19].
The model is defined by the following equation :

 =   1 / 2 + 

(8)

where d is the adsorption constant of W-M
(mg g−1min−1/2) and C is constant. According to Eq.
(8), a plot of  versus  should be a straight line
with a slope d and intercept  when adsorption
mechanism follows the intraparticle diffusion process. The intercepts show the thickness of the
boundary layer, that is, a large intercept corresponds to a great boundary layer effect.
Fig. 4 illustrates the mass of NB adsorbed per
unit mass of adsorbent, and versus is presented for NB. d, as obtained from the slope of straight
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lines, was 0.08453–0.20528 g/(mg min1/2). In Table
1, 2 for the NB adsorption onto the SCB activated
carbon sorbent changed in the range of

0.5002–0.8754. These results showed that the experimental data did not agree well with the intraparticle diffusion kinetic model.
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Pseudo-first-order constants
Temperature (°C)

1/(1/min)

 (mg/g)

25
35
45

0.0423
0.0475
0.0440

1.74
1.17
0.50

2

0.9500
0.8888
0.8972

Modified pseudo-first-order constants
Temperature (°C)

1/(1/min)

 (mg/g)

25
35
45

0.0417
0.0470
0.0438

4.55
3.08
1.34

2

0.9496
0.8906
0.8993

Pseudo-second-order constants
Temperature (°C)

2/(g/(mg min))

 (mg/g)

/(g/(mg min))

25
35
45

0.0689
0.1105
0.2431

32.97
33.24
33.30

74.9064
122.1001
26.9542

2

0.9998
1.0000
1.0000

Intraparticle diffusion constants
Temperature (°C)

/(g/(mg min1/2))

25
35
45

0.2053
0.1670
0.0845
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Sorption from a liquid phase to a solid phase
can be considered a reversible reaction with equilibrium established between two phases. The specific rate constant of the sorption for the sorbate
and the sorbent was determined from the kinetic
models [20]. Among the four kinetic models, the
pseudo-second-order equation generates the best fit
to the experimental data of the three investigated
adsorption systems at 25 °C, 35 °C, and 45 °C for
the entire adsorption period, with regression coefficients higher than 2 > 0.9998 for the temperature
range used in this study. The calculated  from the
model were also closer to the experimental values,
but they were not equal to the experimental data.
Thus, the mechanisms predominating the process
indicated that the adsorption rate is dependent on
the amount of solute adsorbed on the surface of the
adsorbent and the amount adsorbed at equilibrium.
According to the Arrhenius equation:

um. Depending on the type of isothermal adsorption
equation, researchers could understand the surface
properties of the adsorbent and its interaction with
the adsorbate. The experimental results obtained for
the adsorption of NB on SCB activated carbon at
three different temperatures (25 °C, 35 °C, and
45 °C) were fit into Langmuir and Freundlich isotherm models.
)6/5=1: 1;7<0-:5 Langmuir isotherm was
assumed a homogeneous type of adsorption within
the sorbent, meaning that no further adsorption
could occur at a site once a NB molecule was occupied the site [22]. Langmuir isotherm is represented
by the following equation:

 /  = 1 /( ×   ) +  / 

where  is the concentration of NB solution
(mg/L) at equilibrium. The constant  signifies the
adsorption capacity (mg/g) and L is Langmuir
constant related to the free energy of adsorption
(L/mg). The linear plot of  versus  shows
that adsorption follows Langmuir isotherm (Fig. 5).
 and L were calculated from the slope and intercept of the linear plot (Table 2). 2 were 0.9908,
0.9917, and 0.9943 for the adsorption at 25 °C,
35 °C, and 45 °C, respectively, and increasing the
temperature improved the adsorption capacities
from 76.98 mg/g at 25 °C, 77.52 mg/g at 35 °C to
78.25 mg/g at 45 °C.
The dimensionless constant separation factor,
,
can
be defined on the basis of Langmuir isoL
therm as follows:
(12)
 = 1 /(1 +  0 )



2 = 0 

(9)

where 2 is the pseudo-second-order rate constants (Table 1). o (g·mg-1·min-1) is the temperature-independent factor,  (J·mol-1) is the apparent
activation energy,  is the gas constant, 8.314
J/(mol·K) and  is the adsorption absolute temperature, K. The linear form is as follows:

ln 2 = −


+ ln 0


(11)

(10)

A straight line with slope –a/  is obtained
When lnis plotted versus 1/ .
Activation energy was calculated as 47.956
kJ/mol. Positive  suggested that increasing the
temperature favors sorption and that process is endothermic [21].
The other models generated a poor fit to the
results of the experiments conducted for this study.
Compared with the pseudo-second-order kinetic,
the pseudo-first-order kinetic model and the modified pseudo-first-order kinetic model, whose correlation coefficients were lower and the calculated 
were not equal to experimental , suggested the
insufficiency of the model to fit kinetic data for the
initial concentrations examined. After a short period, the experimental data deviated considerably
from linearity. Notably, the low correlation coefficients do not necessarily indicate that intraparticle
diffusion is not the rate-controlling step; instead, it
is an indication that the intraparticle diffusion model does not apply to the investigated adsorption
systems [18].

where L is the Langmuir adsorption constant
and  is the initial NB concentration (mg/L).
According to L, the isotherm type may be interpreted as follows [23]:
Unfavorable
L > 1.0
L

= 1.0

1>

L

>0

Linear
Favorable

Irreversible
L=0
Table 2 also shows that L near 0 confirmed
the favorable uptake of the NB process, thereby
indicating favorable adsorption.

:-=6,41+0 1;7<0-:5 Freundlich equation
was assumed as an empirical model that adsorption
occurred on heterogeneous surfaces, and the adsorption capacity was related to the concentration
of adsorbent at equilibrium [20]; this equation is
expressed as follows:

!7:8<176 1;7<0-:5 For a given solid–liquid
system, the equilibrium concentration () of the
adsorbate in the solution varies with the amount of
adsorption () on the adsorbent surface as the adsorption isotherm when sorption reaches equilibri-

ln  = ln   + 1 /  ln 

(13)

where  refers to the amount of NB adsorbed
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(mg/g) at equilibrium;  is the equilibrium concentration of NB in solution (mg/L). Freundlich
constant F (mg1-1/nL1/ng-1) is a rough indicator of
the adsorption capacity and 1/ is the adsorption
intensity.
F and  were calculated from the intercept
and the slope of plots (Fig. 5, Table 2). The obtained 2 were 0.9827, 0.9771, and 0.9764 for the
adsorption at 25 °C, 35 °C, and 45 °C, respectively.
1/ is the heterogeneity factor that can be used as a
measure of the deviation from linearity of the adsorption [24]. In this study, 1/ values were calcu-

lated from the slope of plots to be 0.2704–0.3053,
which ranged from 0 to 1 and implied that adsorption involved chemical reactions.
Compared with Freundlich isotherm model,
Langmuir isotherm model yielded a high 2.
Langmuir isotherm fit the experimental data well,
thereby demonstrating the homogeneous nature of
the surface and sorption energies of the adsorbent.
The adsorption on SCB activated carbon is confirmed as a monolayer adsorption that mainly relies
on the π–π dispersion force between the adsorbent
base and the aromatic ring on adsorption.

0.6

0.5

Ce/qe

0.4

0.3

0.2

25
35
45

0.1

0.0
0

10

20

30

40

Ce (mg/L)

(a)
5

lnqe

4

3

25
35
45

2

1
-4

-2

0

2

4

lnCe

(b)


#  
;7<0-:5847<;.7:61<:7*-6A-6-),;7:8<17676<7<0-;=/):+)6-*)/);;-)+<1>)<-,+):*76;7:*-6< 
))6/5=1:1;7<0-:5*:-=6,41+01;7<0-:5

"
;7<0-:58):)5-<-:;.7:61<:7*-6A-6-;7:8<17676<7<0-;=/):+)6-*)/);;-)+<1>)<-,+):*76;7:*-6<
Temperature (°C)
25
35
45
Temperature (°C)
25
35
45

Langmuir constants
 (mg/g)
L (L/mg)
76.98
77.52
78.25

L

2

0.69
0.0029-0.0282
0.9908
0.96
0.0021-0.0204
0.9917
1.22
0.0016-0.0106
0.9943
Freundlich constants
2
F (mg1-1/nL1/ng-1)
1/
29.45
0.3053
0.9827
32.65
0.2704
0.9771
36.91
0.2893
0.9764
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This study mainly aimed to evaluate the adsorption properties of sugarcane bagasse activated
carbon to nitrobenzene contaminants. The operational factors, such as adsorbent dosage, adsorption
time, and initial NB concentration, also affected the
adsorption capacity. The experimental data of the
adsorption kinetics were consistent with the pseudo-second-order kinetic equation, and the calculated  was closer to the actual experimental values.
At the same time,  is positive (47.956 kJ/mol),
suggesting that an increase in temperature favors
sorption, and the process is endothermic. Equilibrium data supported adsorption, and they were better described by the Langmuir model. The adsorption of nitrobenzene from an aqueous solution onto
SCB activated carbon sorbent is a monomolecular
layer adsorption and the surface is uniform. Sorption depends on the π–π dispersion force between
the adsorbed base and the aromatic ring.
%"!
This work was financially supported by National Natural Science Foundation of China (No.
51368012, 51668014); Natural Science Foundation
of
Guangxi
Province,
China
(No.2016GXNSFDA380007); Special Funding for
'BaGui scholars' Construction Projects; Guangxi
Scientific Experiment Center of Mining, Metallurgy
and Environment and The Guangxi Talent Highland
for Hazardous Waste Disposal Industrialization.
 !
[1] Mu, Y. Yu, H.Q., Zheng, J.C., Zhang, S.J. and
Sheng, G.P. (2004) Reductive degradation of
nitrobenzene in aqueous solution by zero-valent iron. Chemosphere. 54, 789-794.
[2] Dai, Y.J., Mihara, Y., Tanaka, S., Watanabe, K.
and Terui, N. (2010) Nitrobenzene-adsorption
capacity of carbon materials released during
the combustion of woody biomass. Journal of
Hazardous Materials. 174, 776-781.
[3] Dos Santos, V.C.G., De Souza, J.V.T.M., Tarley, C.R.T., Caetano, J. and Dragunski, D.C.
(2011) Copper Ions Adsorption from Aqueous
Medium Using the Biosorbent Sugarcane Bagasse in Natura and Chemically Modified.
Water Air Soil Pollut. 216, 351-359.
[4] Li, L., Quinlivan, P.A., Knappe, D.R.U. (2002)
Effects of activated carbon surface chemistry
and pore structure on the adsorption of organic
contaminants from aqueous solution. Carbon.
40, 2085-2100.

7184

#" 

  $  

  







       !




[17]Somasekhara Reddy, C.M., Sivarama Krishna,
L., Varada Reddy, A. (2012) The use of anagricultural waste material, Jujuba seeds for the
removal of anionic dye (Congo red) from
aqueous medium. Journal of Hazardous Materials. 203-204, 118-127.
[18]Yang, X.Y., Al-Duri, B. (2005) Kinetic modeling of liquid-phase adsorption of reactive
dyes on activated carbon. J Colloid Interf Sci.
287(1), 25-34.
[19]Zhang, B.P., Ma, Z.C., Yang, F., Liu, Y. and
Guo, M.C. (2017) Adsorption properties of ion
recognition rice straw lignin on PdCl42−: Equilibrium, kinetics and mechanism. Colloids and
Surfaces A: Physicochemical and Engineering
Aspects. 514, 260-268.
[20]Bhavna, S., Ritesh, T., Ajay, S. (2012) Zeolitic
bagasse fly ash as a low-cost sorbent for the
sequestration of p-nitrophenol: equilibrium,
kinetics, and column studies. Environ Sci Pollut Res. 19, 1171-1186.
[21]Zhu, Y.N., Wang, D.Q., Zhang, X.H. and Qin,
H.D. (2009) Adsorption removal of Methylene
blue from aqueous solution by using bamboo
charcoal. Fresen. Environ. Bull. 18, 369-376.
[22]Ge, M.L., Du, M.Y., Zheng, L.Y., Wang, B.Y.,
Zhou, X.Y., Jia, Z.X., Hu, G.O. and Alam,
S.M.J. (2017) A maleic anhydride grafted sugarcane bagasse adsorbent and its performance
on the removal of methylene blue from related
wastewater. Materials Chemistry and Physics.
192, 147-155.
[23]Giusto, L.A.R., Pissetti, F.L., Castro, T.S. and
Magalhaes, F. (2017) Preparation of Activated
Carbon from Sugarcane Bagasse Soot and
Methylene Blue Adsorption. Water Air Soil
Pollu. 228, 249.
[24]Crini, G. (2008) Kinetic and equilibrium studies on the removal of cationic dyes from aqueous solution by adsorption onto a cyclodextrin
polymer. Dyes and Pigments. 77, 415-426.

-+-1>-,
  
++-8<-,
 


 !#" 

&1)721-!=6
College of Environmental Science and Engineering,
Guilin University of Technology,
Guilin – P.R. China
e-mail: sunxiaojie@glut.edu.cn

7185

#"

  $     





  !






 # $
 " 
# !      

%<*81%5%7%6

Health Services Vocational School, Ibrahim Cecen University of Agri, 04100 Agri, Turkey



  

The purpose of this study was to investigate the
effects on growth and feeding performances of rainbow trout (    ) with initial weight
of 20±5 g of short-term deprivation and refeeding. 
After adaptation of fish, 240 fish were distributed into 4 fiberglass tanks (2 replication) with an
inflow-through system. The fish were applied to 4
different feeding methods; control: fed two times
daily; T1: 1-day deprivation and 2 days of refeeding;
T2: 2-day deprivation and 4 days of refeeding; T3: 3
days deprivation and 6 days of refeeding.
At the end of the trial, final weight, SGR (specific growth rate) WG (weight gain), daily feed intake (DFI), feed conversion ratio (FCR) and feed efficiency ratio (FER) were determined in control and
treated groups. No significant difference in terms of
growth performance between the groups was determined (p>0.05). But, DFI in T1 were higher than
those of other groups and were statistically significant (p<0.05). FCR, FER and PER values of groups
were statistically insignificant (p>0.05). No significant differences between the control and starved
groups in terms of moisture, ash protein and lipid
values were determined (p>0.05). 
The results of this study suggest that rainbow
trout has the capacity to accomplish complete compensatory growth depending on times deprivation
and re-feeding.

main objective of the compensatory growth is to
reach the same size of an organism, without encountering of any process which suppresses the growth.
A living organism in the best conditions is always
expected to reach its optimal size. Therefore, when
compensatory growth applied to living organism, the
efficiency of the compensation can be determined by
comparing animals exposed to compensatory growth
and the control [3]. In the event of complete compensation growth, organisms reach the same size and
same weight with their peers which are fed constantly. In the event of partial compensation growth,
organisms cannot reach the same size and same
weight of their peers; however, when feeding restarts for organisms, they show a rapid development
with the effect of feeding. Extreme compensatory
growth is occurred when the organisms that are exposed to limited feeding grow more than their peers
fed constantly. This condition is observed rarely [4].
If fish fed again do not show growth at the end of
fasting, compensatory growth are not observed [3].
There are many studies on compensatory
growth on cold-water fish [5]. For example, Atlantic
cod,    [6], Atlantic salmon,

   [7], and rainbow trout,      
[8-13], Arctic charr,   [14].
This study was carried out to evaluate the effects of different feeding diets on the growth performance of rainbow trout (    ). The
main aim of compensatory strategy was to provide
important contributions such as reducing labor costs
and improving the feed conversion ratio for aquaculture production.


  

,));3)5-0)17%/%1-0%/6%1(*))(-1+This
study was conducted at Ataturk University, Faculty
of Aquaculture, Inland Water Fish Research and Application Center. Fish had approximately a weight of
20±5 g. 30 fish for each group was taken into tanks
(two replication). The tanks were regularly checked
each day. The fish were provided to adapt to the assay ambient for seven days before beginning the assay. The fish were applied to 4 different feeding diets; control: everyday, fed two times daily; T1: 1-day

$#
Rainbow trout,     , growth, feeding regime 



 ! 
Success in aquaculture is related to decrease in
fish manufacture prices. A significant method to decrease food prices in fish culture is to develop the
methods suitable for administration feeding and cultivation strategies. Therefore, compensatory growth
may be an effective parameter in fish production [1].
Compensatory growth is described as a physiological course that uses for a limited growth period
of a living organism, due to the reason low food consumption, in order to speed up the growth [2]. The
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The results obtained from growth performance
are indicated in Table 1, 2 and 3. At the end of the
experiment, the average final weight was different
between control and treatment groups. The maximum final weight finally was found to be in the control group; besides the control group, while the highest final weight, SGR and WG values were found in
T2, the lowest values were found in T3. (P>0.05).
(Table 1). The highest FER, DFI and FCR values of
starved groups were obtained T2 when compared to
control group (Table 2). There were no statistically
significant differences between FCR and FER
(P>0.05). However, the DFI value of the T1 group
was higher than that of the other groups (P<0.05).
The ash and protein levels of the T2 group were
higher than those of the control and fasting groups.
Moisture and lipid values of control and fasting
groups were similar. There was statistically insignificant moisture, ash, protein and lipid values of the
control and starved groups (Table 3) (P>0.05).

deprivation and 2 days of refeeding; T2: 2-day deprivation and 4 days of refeeding; T3: 3 days deprivation and 6 days of refeeding. Fish were weighed with
the help of a measuring instrument in every 14 days
and quantities of the daily feed granted to fish at the
end measuring were detected. During the assay, fish
were fed with feed that has %45 of crude protein, 8%
of fat, 10% of 1ash. At the last assay, final weight,
WG (weight gain), feed efficiency rate (FER), daily
feed intake (DFI), feed conversion ratio (FCR) and
SGR (specific growth rate) of the fish for each group
were calculated using the following equations; SGR
(specific growth rate) =100[(lnWt-lnW0)/t]; WG
(weight gain) = 100[(Wt-W0)/ W0], DFI (daily feeding intake) = g feed /day; FCR (feed conversion ratio) = intake (g, dry weight) / wet weight gain (g);
FCE (feed conversion efficiency) = wet weight gain
(g) / intake (g). [5].

-668)%1%/<6-6Analyses of tissues were carried out according to method described by Azodi et
al. [5]. Shortly, Analyses of tissues were done later
by drying and homogenization of samples. The tissues were dried at 105°C for 5 h with the help of an
oven in order to obtain a constant weight. Ash ingredient was detected by the combustion of tissue at approximately 550°C for 12 h in the ash oven, the protein ingredient and total lipid ingredient of fish were
detected with the Kjeldahl and Soxtec method [15].

#%7)548%/-7<3%5%0)7)56The water quality
parameters in the area where the work performed is
as follows; temperature (9.6-10.20C); pH (7.4 and
7.9±0.5); dissolved oxygen (7.5±0.60 mg/L); ammonia (0.006±0.003 mg/L). 

7%7-67-'%/ 1%/<6)6 To assess statistical differences in the groups, data belonging to growth performance; final weight, WG (weight gain), SGR
(specific growth rate), feed conversion ratio (FCR),
daily feed intake (DFI), feed efficiency ratio (FER),
food consumption, moisture, ash, lipid and protein
were analyzed using the LSD’s multiple range test
(one-way analysis). P<0.05 was accepted to be statistically significant [16].


!

Based on some studies, the fish applied to a period of deprivation were reached to the same size and
weight with feeding continually [5]. There are some
studies done on partial compensation. But, these
studies failed to show a complete compensatory
growth [17-20, 14]. In this study, the fish exposed to
fasting and then fed were slightly able to reach the
same size and weight with the control group, as a result of the final weight and SGR of T2 group. But,
the growth rates of starved groups were lower than
those of control group, but they were statistically insignificant when compared to control group (Table
1). The findings of Xie et al. [21] on gibel carp and
Eroldogan et al. [22] on carassius auratus are in accordance with present study. There was not an important difference in SGR between diverse applications, so the starved fish reached 87.5%, 95.2% and
85.1%, respectively, of control weight and they
showed a good development performance to compensate for weight loss in the course of deprivation.



 
52:7,3)5*250%1')9%/8)62*5%-1&2:752875)%5)(%7*285*))(-1+(-)76
5)%70)17
21752/



Initial weight (g)
20±5
20±5
20±5
20±5
Final weight (g)
41,09±0.91
38,46±1.1
40.09±1.3
37.96±1.0
SGR (% /day)
2.59±0.06
2.37±0,14
2.54±0.05
2.33±0.08
WG (%)
105.4±3,54
92.3±2,86
100.4±1,94
89.8±1,23
C: Control (fed two times daily); T1: Treatment 1 (one-day deprivation and two days of re-feeding); T2: Treatment 2 (two-day
deprivation and four days of re-feeding) and T3: Treatment 3 (three days deprivation and six days of re-feeding).
Results were given as mean±SD. SGR (specific growth rate) =100[(lnWt-lnW0)/t]; WG (weight gain) = 100[(Wt-W0)/ W0].
No significant difference was observed among the treatments.
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))(87-/-=%7-219%/8)62*5%-1&2:752875)%5)(%7*285*))(-1+5)+-0)60)%1>
5)%70)17
21752/



FER (%)
116.5±1.8
115.2±1,4
118,7±1,6
114.9±1.2
DFI
15.3±0.27 a
19.12±0.75 b
15.7±0,87 a
15.9±0.84 a
FCR
0,95±0.02
0.96±0.01
0.92±0,01
0.95±0.03
Food Consumption
414.82±12.3
363.3±9.6
391.9±11.8
369.4±10.3
C: Control (fed two times daily); T1: Treatment 1 (one day deprivation and two days of re-feeding); T2: Treatment 2 (two-day
deprivation and four days of re-feeding) and T3: Treatment 3 (three days deprivation and six days of re-feeding).
Results were given as mean±SD. DFI (daily feeding intake) = g feed /day; FER (feed efficiency ratio) =100. wet weight gain
(g) / intake (g). FCR (feed conversion ratio) = intake (g, dry weight) / wet weight gain (g). There is significant difference
between parameters given as different superscripts (p<0.05).


 
2(<'20326-7-212*0<.-66%7*285*))(-1+5)+-0)6%77,)/%672*7,)%66%<0)%1>
5)%70)17
21752/



Moisture
70.5±0.09
70.4±0.26
70.2±0.28
70.1±0.23
Ash
2.25±0.18
2.50±0.10
3.49±0.19
2.41±0.28
Lipid
6.5±0.22
6.6±0.52
6.02±0.55
5.13±0.28
Protein
15.4±0.24
15.22±0.64
16.62±0.71
15.14±1.89
C: Control (fed two times daily); T1: Treatment 1 (one-day deprivation and two days of re-feeding); T2: Treatment 2 (two-day
deprivation and four days of re-feeding) and T3: Treatment 3 (three days deprivation and six days of re-feeding).
Results were given as mean±SD. DFI (daily feeding intake) = g feed /day; FER (feed efficiency ratio) =100. wet weight gain
(g) / intake (g). FCR (feed conversion ratio) = intake (g, dry weight) / wet weight gain (g). There is significant difference
between parameters given as different superscripts (p<0.05).

3). The ash and protein levels of the T2 group were
higher than the other groups (p>0.05). However, total moisture, ash, protein and lipid ingredients of the
T1 and T3 were lower than those of control group
(p>0.05). The present study is similar with the works
done on rainbow trout [10], barramundi [30, 34] and
gilthead sea bream [24]. Wang et al. [20], Xie et al.
[21 and Iqbal et al. [35] could not identify an important difference on ash values of the starved fish.
On the contrary, Wang et al. [20] and Matilla et al.
[36] found important difference on moisture. The
cause of these variations may be because of the reverse relation in lipid-moisture. Falahatkar et al. [17]
and Eslamloo et al. [37] detected important difference in lipid content, but the results of this study are
not in accordance with the findings of Quinton and
Blake [10], Xie et al. [21], Tian and Qin [30], Iqbal
et al. [35], Matilla et al. [36]. The reason for this difference in the results may be resulted from the trial
period or the difference in treatments groups.
In conclusion, the rainbow trout may be preferred because of the adaptation of a suitable feeding
strategy and affecting growth. In the present study,
the best group with regard to compensatory growth,
use of feed and economic data was T2. The feeding
schedule applied to T2 group is believed to be beneficial for the aquaculture production. Because, rainbow trout has the capacity to accomplish full compensatory growth depending on times of fasting and
re-feeding. Although this study was a short-term
study, it will contribute to long term fasting-refeeding studies.

This may be because of decreased metabolic rate in
the course of feed deprivation in consequence of declined activity [23-25]. But, if the trial was carried
out for a longer period like 60 days, as revealed in
hybrid sunfish [4]. Hayward and Wang [26] announced that overcompensation restricted to particular life stages.
Low feed conversion ratio and increased feed
intake are important indicators of compensation
growth [20, 22]. In the present study, although the
food consumption was decreased in T2, T2 group
used the feed effectively when compared to other
groups. FCR ration of T2 was found to be higher
than that of T1, T3 and control group. There were
statistically insignificant differences (P>0.05) in
terms of FER, FCR and food consumption (Table 2).
Some studies done on compensatory growth showed
that increased food deprivation may be a cause to
rise enzymatic activity in digestion system [27, 28].
Therefore, this may lead to increase in FCR. DFI
quantity of T1 was significant (p<0.05) and this
value was higher when compared to the other
groups. This may be due to hyperphagia. Because,
hyperphagia in the course of the re-feeding period is
among the primary contributing factors for compensatory growth response in rainbow trout [5]. The results of this study are in accordance with the results
of the studies reported by Russell and Wootton [29],
Jobling and Koskela [11], Wang et al. [20], Tian and
Qin [30] and Cui et al. [31]. But, it is different from
the findings of Jiwyam[32] and Foss [33].
There were insignificant effects on the total
moisture, ash, protein and lipid ingredients of the
starved fish when compared to control group (Table

7188

#"

  $     





  !




# 

The author thanks Ataturk University, Faculty
of Aquaculture, Inland Water Fish Research and Application Center. 




[12]Guzel, S., Arvas, A. (2011) Effects of different
feeding strategies on the growth of young rainbow trout (Oncorhynchus mykiss). African
Journal of Biotechnology. 10(25), 5 048-5 052.
[13]Sevgili, H., Hossu, B., Emre, Y., Kanyılmaz, M.
(2013) Effect of various lengths of single phase
starvation on compensatory growth in rainbow
trout under summer conditions (   
 ). Turkish Journal of Fisheries and
Aquatic Sciences. 13(3), 465-477.
[14]Miglavs, I., Jobling, M. (1989) The effects of
feeding regime on proximate body composition
and patterns of energy deposition in Juvenile
Arctic Charr, Salvelinus alpines. Journal of Fish
Biology. 35, 1-11.
[15]AOAC. (1995) Official Methods of Analysis of
AOAC International. In: Mulvaney, T.R. (ed.)
AOAC International, Arlington, VA, 42-1-42-2.
[16]Arabacı, M. and Önalan, S. (2016) Determination of bacterial disease map for rainbow trout
farms in Van province. AIP Conference Proceedings. 1726, 020030.
[17]Falahatkar, B. (2012) The metabolic effects of
feeding and fasting in beluga Huso huso. Marine
Environmental Research. 82, 69-75.
[18]Ribeiro, F.F., Tsuzuki, M.Y. (2010) Compensatory growth responses in juvenile fat snook,
Centropomus parallelus Poey, following food
deprivation. Aquaculture Research. 41(9), e226e233.
[19]Kankanen, M., Pirhonen, J. (2009) The effect of
intermittent feeding on feed intake and compensatory growth of whitefish (  
 L.) Aquaculture. 288, 92-97.
[20]Wang, Y., Cui, Y.B., Yang, Y.X., Cai, F.S.,
2000, Compensatory growth in hybrid tilapia,
Oreochromis mossambicus × O. niloticus,
reared in seawater. Aquaculture. 189(1-2), 101108.
[21]Xie, S., Zhu, X., Cui, Y., Lei, W., Yang, Y.,
Wootton, R.J. (2001) Compensatory growth in
the gibel carp following feed deprivation: temporal patterns in growth, nutrient deposition,
feed intake and body composition. Journal of
Fish Biology. 58, 999-1009.
[22]Eroldoĝan, O.T., Kumlu, M., Kirisx, G.A.,
Sezer, B. (2006) Compensatory growth response of Sparus aurata following different starvation and re-feeding protocols. Aquaculture
Nutrition. 12, 203-210.
[23]Love, R.M. (1970) The chemical biology of
fishes. Academic Press, London, UK., 547p.
[24]Eroldogan, O.T., Tasbozan, O. and Tabakoglu,
S. (2008) Effects of restricted feeding regimes
on growth and feed utilization of juvenile Gilthead Sea bream, Sparus aurats. Journal of the
world Aquaculture Society. 39, 267-274.

[1] Azodi, M., Ebrahimi, E., Farhadian, O.,
Mahboobi-soofiani, N. (2013) Response of
Rainbow Trout, (     , Walbaum 1792) to Short Term Starvation Periods
and Re-Feeding. World Journal of Fish and Marine Sciences. 5(5), 474-480.
[2] Hornick, J.L., Van, Eanaeme., C., Gerard, O.,
Dufrasne, I. and Istasse, L. (2000) Mechanisms
of reduced and compensatory growth. Domest.
Anim. Endocrinol. 19, 121- 132.
[3] Ali, M., Nicieza, A., Wootton, R.J. (2003) Compensatory growth in fishes: a response to growth
depression. Fish and Fisheries. 4, 147-190.
[4] Hayward, R.S., Noltie, D.B., Wang, N. (1997)
Use of compensatory growth to double hybrid
sunfish growth rates. Transactions of the American Fisheries Society. 126, 316–322.
[5] Azodi, M., Ebrahimi, E., Farhadian, O.,
Mahboobi-soofiani, N., Morshedi, V. (2015)
Compensatory growth response of rainbow trout
Oncorhynchus mykiss Walbaum following
short starvation periods. Chinese Journal of
Oceanology and Limnology. 33(4), 928-933.
[6] Bélanger, F., Blier, P.U., Dutil, J.D. (2002) Digestive capacity and compensatory growth in
Atlantic cod (  ). Fish Physiology
and Biochemistry. 26(2), 121-128.
[7] Nicieza, A.G., Metcalfe, N.B. (1997) Growth
compensation in juvenile Atlantic salmon: Responses to depressed temperature and food
availability. Ecology. 78, 2385-2400.
[8] Weatherley, A.H., Gill, H.S. (1983) Protein, lipid, water and caloric contents of immature
rainbow trout,
    Richardson,
growing at different rates. Journal of Fish Biology. 23(6), 653-673.
[9] Dobson, S.H., Holmes, R.M. (1984) Compensatory growth in the rainbow trout,   
 Richardson. Journal of Fish Biology. 25(6),
649-656.
[10]Quinton, J.C., Blake, R.W. (1990) The effect of
feed cycling and ration level on the compensatory growth response in rainbow trout, 
    . Journal of Fish Biology.
37(1), 33-41.
[11]Jobling, M., Koskela, J. (1996) Interindividual
variations in feeding and growth in rainbow
trout during restricted feeding and in subsequent
period of compensatory growth. Journal of Fish
Biology. 49, 658-667.

7189

#"

  $     





  !




[34]Tian, X. and Qin, J.G. (2004) Effects of previous ration restriction on compensatory growth
in barramundi, Lats calcarifer. Aquaculture.
235, 273-283
[35]Iqbal, F., Ali, M., Umer, K. and Rana, S.A.
(2006) Effect of feed cycling on specific growth
rate, condition factor, body composition and
RNA/DNA ratio of Cirrhinus mrigala. Journal
of Applied Science and Environmental Management. 10(2), 129-133.
[36]Mattila, J., Koskela J. and Pirhonen, J. (2009)
The effect of the length of repeated feed deprivation between single meals on compensatory
growth of pikeperch Sander lucioperca. Aquaculture. 296, 65-70.
[37]Eslamloo, K., Morshedi, V., Azodi, M., Ashouri, G., Ali, M. and Iqbal, F. (2012) Effects of
starvation and re-feeding on growth performance, feed utilization and body composition of
tinfoil barb (       ).
World Journal of Fish and Marine Science. 4(5),
489-495.

[25]Jobling, M. (1980) Gastric evacuation in plaice,
Pleuronectes platessa L.: effects of temperature
and fish size. Journal of Fish Biology. 17, 547551.
[26]Hayward, R.S., Wang, N. (2001) Failure to induce overcompensation of growth in maturing
yellow perch. Journal of Fish Biology. 59(1),
126-140.
[27]Harpaz, S., Hakim, Y., Slosman, T., Barki, A.,
Karplus, I. and Eroldogan, O.T. (2005) Effects
of different feeding levels during day and/or
night on growth and brush border enzyme activity in juvenile Lates calcarifer fish reared in
freshwater re-circulating tanks. Aquaculture.
248, 325-335.
[28]Krogdahl, A. and Bakke-McKellep, A.M.
(2005) Fasting and refeeding cause rapid
changes in intestinal tissue mass and digestive
enzyme capacities of Atlantic salmon Salmo
salar L. Comparative Biochemistry and Physiology. 141A, 450-460.
[29]Russell, N.R., Wootton, R.J. (1992) Appetite
and growth compensation in the European minnow,   (Cyprinidae), following short periods of food restriction. Environmental Biology of Fishes. 34(3), 277- 285.
[30]Tian, X.L. and Qin, J.G. (2003) A single phase
of food deprivation provoked compensatory
growth in barramundi    . Aquaculture. 224(1-4), 169-179.
[31]Cui, Z.H., Wang, Y., Qin, J.G. (2006) Compensatory growth of group-held gibel carp,
       (Bloch), following
feed deprivation. Aquaculture Research. 37(3),
313-318.
[32]Jiwyam, W. (2010) Growth and compensatory
growth of juvenile pangasius bocourti Sauvage,
1880 relative to ration. Aquaculture. 306, 393397.
[33]Foss, A., Imsland, A.K., Vikingstad, E., Stefansson, S.O., Norberg, B., Pedersen, S., Sandvik
T. and Roth, B. (2009) Compensatory growth in
Atlantic halibut: Effect of starvation and subsequent feeding on growth, maturation, feed utilization and flesh quality. Aquaculture. 290, 304310.

)')-9)(
'')37)(


   
   

! 
%<*81%5%7%6
Ağrı İbrahim Çeçen University
Health Services Vocational School
TR-04100- Ağrı – Turkey
e-mail: tkaratas025@gmail.com

7190

© by PSP

Volume 27 ± No. 11/2018 pages 7191-7198

Fresenius Environmental Bulletin

$1$/<6,62)'$06$)(7<5,6.5$7,22)$'-867,1*
)/:/2)5(6(592,5:,7+0&0&0(7+2'
<X<XDQ*XRKXD)DQJ ;LDQIHQJ+XDQJ=L\X'LQJ5RQJMLH/LQ
&ROOHJHRI:DWHU&RQVHUYDQF\DQG+\GURSRZHU(QJLQHHULQJ+RKDL8QLYHUVLW\1DQMLQJ&KLQD

$%675$&7
2QWKHEDVLVRIGLVFXVVLQJWKHSULQFLSOHRISURED
ELOLW\VWDWLVWLFDODQDO\VLV 36$ PHWKRGZKLFKLVFRP
PRQO\ XVHG LQ FDOFXODWLQJ WKH GDP VDIHW\ ULVN UDWLR
'655 RIDGMXVWLQJIORRGOLPLWHGZDWHUOHYHO )/:/ 
RI UHVHUYRLU EXW QRW FRPSUHKHQVLYH DQG REMHFWLYH
HQRXJK 7KH 0DUNRY &KDLQ 0RQWH&DUOR 0&0& 
PHWKRGZDVSURSRVHGWRFDOFXODWHWKH'6557KHIXQ
GDPHQWDO SULQFLSOH RI 0&0& PHWKRG DQG WKH EDVLF
SURFHVVRIVLPXODWLQJWKHLQIORZRIUHVHUYRLUZHUHDQ
DO\]HG7KH&KLQD¶V6KLOLDQJKHUHVHUYRLUZDVVHOHFWHG
DVD FDVHVWXG\7KH UHVXOWVLQGLFDWHWKDWWKH 0&0&
PHWKRG LV PRUH DFFXUDWH WKDQ 36$ PHWKRG $V WKH
QXPEHURIVLPXODWHGIORRGSURFHVVRI0&0&PHWKRG
LQFUHDVLQJWKHDFFXUDF\RIWKHUHVXOWLQFUHDVHV$VIRU
ORZHU)/:/FRPSDUHGZLWKWKH '655RIKLVWRULFDO
VWDWLVWLFGDWDDQGWKHUHVXOWRI36$PHWKRGWKHUHVXOWV
RI0&0&PHWKRGDUHORZHUZKLFKLVKHOSIXOWREULQJ
WKH EHQHILWLQWRIXOOSOD\$VIRUKLJKHU)/:/FRP
SDUHG ZLWK WKH UHVXOW RI 36$ PHWKRG WKH UHVXOWV RI
0&0&PHWKRGDUHKLJKHUZKLFKLVKHOSIXOWRVXIIL
FLHQWO\HYDOXDWHWKHGDPVDIHW\ULVNDQGHQVXUHWKHGDP
VDIHW\
.(<:25'6
$GMXVWPHQWRI)/:/'65536$PHWKRG0&0&PHWKRG
6KLOLDQJKHUHVHUYRLU

,1752'8&7,21
'RZQVWUHDPDUHDVDUHDOZD\VHFRQRPLFDOO\GH
YHORSHGDQGWKHFRUHDUHDVRIWKHQDWLRQDOHFRQRP\LQ
GXVWU\LQFKLQDVXFKDVWKHORZHUDUHDVRIWKH<DQJW]H
5LYHUWKH3HDU5LYHUDQG+XDLKH5LYHU>@:LWKVRFLDO
SURJUHVVDQGHFRQRPLFGHYHORSPHQWZDWHUGHPDQGLQ
WKHVHDUHDVLVJURZLQJ:DWHUVXSSO\DQGGHPDQGFRQ
WUDGLFWLRQVKDYHEHFRPHLQFUHDVLQJO\SURPLQHQW>@,Q
RUGHU WR DOOHYLDWH WKH VLWXDWLRQ IORRGZDWHU UHVRXUFHV
XWLOL]DWLRQLVRQHRIHIIHFWLYHZD\VWRHDVHWKHVKRUWDJH
RIZDWHUUHVRXUFHV$GMXVWPHQWRI)/:/RIUHVHUYRLU
LV DQ LPSRUWDQW ZD\ RI IORRGZDWHU XWLOL]DWLRQ > @
5LVLQJ )/:/ FDQ LPSURYH WKH HFRQRPLF EHQHILWV RI
ZDWHUVXSSO\JHQHUDWLQJHOHFWULFLW\DQGLUULJDWLRQHWF
>@+RZHYHULWPD\DOVRFRUUHVSRQGLQJO\LQFUHDVHWKH
ULVN RI IORRG FRQWURO HVSHFLDOO\ WKH GDP VDIHW\ ULVN
ZKLFKGLUHFWO\GHWHUPLQHVWKHIORRGFRQWUROVHFXULW\RI

WKHGDPDQGWKHGRZQVWUHDPDUHD>@'655LVWKHNH\
IDFWRU>@7KXVLQRUGHUWRXVHIORRGZDWHUUHVRXUFH
VDIHO\ DQG HIILFLHQWO\ DQG GHWHUPLQH WKH RSWLPL]HG
VFKHPHDQDO\VLVRI'655RIDGMXVWLQJ)/:/PXVWEH
FDUULHGRXW
,QWKHSURFHVVRIWKHVWXG\RQWKHULVNRIIORRGZD
WHUUHVRXUFHVXWLOL]DWLRQ:DQJHWDO  SURSRVHG
WKDWWKHULVNPDQDJHPHQWPRGHLVDIHDVLEOHPRGHRI
IORRGPDQDJHPHQWLQ&KLQDDQGWKHFRUHDQGPDLQJRDO
RIIORRGULVNPDQDJHPHQWLVPDNLQJIXOOXVHRIIORRG
ZDWHUUHVRXUFH>@/LHWDO  SRLQWHGRXWWKDWUDQ
GRPSURFHVVWKHRU\ZDVDQHIIHFWLYHWRROIRUULVNDQDO
\VLVRIIORRGZDWHUUHVRXUFHXWLOL]DWLRQXQGHUWKHXQVWD
EOHFRQGLWLRQ>@*XHWDO  VWXGLHGWKHULVNRI
IORRGZDWHUUHVRXUFHFRQILJXUDWLRQE\FRQVLGHULQJWKH
UHVRXUFH TXDQWLW\ DQG HVWDEOLVKHG PXOWLYDULDWH ULVN
DQDO\VLV PRGHO EDVHG RQ VWRFKDVWLF VLPXODWLRQ WHFK
QLTXHWRSURYLGHEDVLVIRUFRQILJXUDWLRQVFKHPH>@
$WSUHVHQWWKHPDLQUHVHDUFKDVSHFWRIIORRGUH
VRXUFHVXWLOL]DWLRQLVDGMXVWPHQWRI)/://LXHWDO
  DGRSWHG %D\HVLDQ IRUHFDVWLQJ V\VWHP WR DQD
O\]HWKHLPSDFWVRILQSXWLQIORZXQFHUWDLQW\RQWKHULVN
RIDGMXVWPHQWRI)/:/>@)XHWDO  VHWXSD
ULVNDQDO\VLVPRGHORIDGMXVWLQJ)/:/RIODUJHUHVHU
YRLUE\XVLQJV\VWHPDWLFDQDO\VLVPHWKRGDQGWKHUH
VXOWVVKRZHGWKHUHODWLRQVKLSEHWZHHQGLIIHUHQW)/:/
DQGWKHPD[LPXPIORRGKD]DUGULVNUDWH>@<LQHWDO
 GHILQHGWKHFRQFHSWRIULVNGHJUHHDQGXVHGULVN
GHJUHH WR HYDOXDWH WKH ULVN RI DGMXVWPHQW RI )/:/
VFKHPH>@:DQJHWDO  DGRSWHGWKHPHWKRGRI
FRPELQDWLRQRI)/:/DQGIORRGIUHTXHQF\WRFDOFXODWH
'655DQGFRPSUHKHQVLYHFRQVLGHUHGIORRGFDODPLW\
VWUHQJWKWKH GHQVLW\DQGWKH YXOQHUDELOLW\RIGLVDVWHU
EHDULQJERG\LQFDOFXODWLQJULVNORVVHV>@
'DP VDIHW\ ULVN GLUHFWO\ GHWHUPLQHV WKH IORRG
FRQWUROVHFXULW\RIWKHGDPDQGWKHGRZQVWUHDPDUHD
*DEULHO0DUWLQ HW DO   SURSRVHG D VWRFKDVWLF
PHWKRGRORJ\ WR DVVHVV WKH LQIOXHQFH RI FRQVLGHULQJ
YDULDEOHUHVHUYRLUOHYHOVSULRUWRWKHDUULYDORIIORRGV
LQK\GURORJLFDOGDPVDIHW\ULVNLQQRUWKHUQ6SDLQ>@
.RPH\  XVHGDV\VWHPVUHOLDELOLW\DSSURDFKWR
DQDO\]HIORZFRQWUROLQGDPVDIHW\ULVNLQWKH/RZHU
0DWWDJDPL 5LYHU LQ 1RUWKHUQ 2QWDULR >@ /L HW DO
 SUHVHQWHGQXPHULFDOVLPXODWLRQPHWKRGWRDQD
O\]HWKHHIIHFWRIPXOWLSOHIDFWRUVRQGDPVDIHW\>@
0HLHWDO  WRRNWKH HIIHFWRIK\GURORJLFDO DQG
K\GUDXOLF XQFHUWDLQWLHV RQ GDP VDIHW\ LQWR DFFRXQW
DQGGHYHORSHGDVWRFKDVWLFVLPXODWLRQDSSURDFKWRFDO
FXODWH WKH RYHUDOO ULVN RI IORRG SUHYHQWLRQ DQG GDP
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VDIHW\>@'LQJHWDO  V\VWHPDWLFDOO\DQDO\]HG
WKHGDPVDIHW\ULVNHYHQWVGXULQJWKHRSHUDWLRQRIUHV
HUYRLUDQGSUHVHQWHGWKHIORRGFRQWURORSHUDWLRQULVN
HVWLPDWLRQ PRGHO EDVHG RQ 0RQWH&DUOR VLPXODWLRQ
PHWKRGWRGHWHUPLQHWKH)/:/RIUHVHUYRLU>@
)RUQRZUHVHDUFKRQWKHWKHRUHWLFDODSSURDFKHV
DQGSUDFWLFDODSSOLFDWLRQRIGDPVDIHW\ULVNDQDO\VLVRI
IORRGZDWHU UHVRXUFHV XWLOL]DWLRQ EDVHG RQ DGMXVWLQJ
)/:/LVLQFRQWLQXRXVGHYHORSPHQWDQGLPSURYHPHQW
>@7KHFXUUHQWIORRGULVNDQDO\VLVPHWKRGDUHPDLQO\
EDVHGRQWKHSULQFLSOHRISUREDELOLW\DQGPDWKHPDWLFDO
VWDWLVWLFV VXFK DV 36$ PHWKRG DQG OLPLW DQDO\VLV
PHWKRG>@8VLQJSUREDELOLW\DQGVWDWLVWLFVULVNHVWL
PDWLRQPHWKRGWRFDOFXODWHWKHGDPVDIHW\ULVN LVRQ
WKHEDVLVRIKLVWRULFDOGDWD7KLVNLQGRIPHWKRGLVHDV\
WRFDUU\RXWDQGKDYHFHUWDLQDFFXUDF\%XWVRPHWLPHV
WKHKLVWRULFDOGDWDLVOLPLWHGWKHUHVXOWVDUHQRWFRP
SUHKHQVLYHDQGREMHFWLYHHQRXJK7KHPHWKRGZKLFK
LVQRWRYHUUHOLDQWRQWKHKLVWRULFDOGDWDDQGKDVEHWWHU
DSSOLFDELOLW\ DQG KLJKHU DFFXUDF\ IRU FDOFXODWLQJ WKH
'655EDVHGRQDGMXVWLQJ)/:/RIUHVHUYRLUQHHGIXU
WKHUVWXG\
,QWKLVSDSHURQWKHEDVLVRIGLVFXVVLQJWKHSULQ
FLSOHRI36$PHWKRGZKLFKLVFRPPRQO\XVHGLQFDO
FXODWLQJWKH'655RIDGMXVWLQJ)/:/RIUHVHUYRLUWKH
0&0&PHWKRGZDVSURSRVHGWRFDOFXODWHWKH'655
7KHIXQGDPHQWDOSULQFLSOHRI0&0&PHWKRGDQGWKH
EDVLF SURFHVV RI VLPXODWLQJ WKH LQIORZ RI UHVHUYRLU
ZHUHDQDO\]HG7KH6KLOLDQJKHUHVHUYRLULQ(DVW&KLQD
ZDVVHOHFWHGDVDFDVHVWXG\7KH'655RIDGMXVWLQJ
)/:/ ZDV FDOFXODWHG E\ 36$ PHWKRG DQG 0&0&
PHWKRG UHVSHFWLYHO\ 7KH DSSOLFDELOLW\ RI 0&0&
PHWKRG LQ FDOFXODWLQJ WKH '655 RI DGMXVWLQJ )/:/
DQGWKHVXSHULRULW\RI0&0&PHWKRGLQFRPSDULVRQ
ZLWK36$PHWKRGZHUHDQDO\]HGE\FRPSDUDWLYHVWXG\
RI WKH UHVXOWV RI WZR PHWKRGV DQG KLVWRULFDO VWDWLVWLF
GDWD
0$7(5,$/6$1'0(7+2'6
36$PHWKRG7KH36$PHWKRGKDVEHHQXVHGLQ
GDPZDWHUOHYHODQDO\VLV,QWKHUHVHUYRLUIORRGFRQWURO
GLVSDWFKLQJLQGHWHUPLQDF\ULVNIDFWRUVREH\WKHW\SL
FDOSUREDELOLW\GLVWULEXWLRQ VXFKDV 3HDUVRQ7\SH ,,,
GLVWULEXWLRQDQGQRUPDOGLVWULEXWLRQHWF$FFRUGLQJWR
WKHFKDUDFWHULVWLFGLVWULEXWLRQDQGSDUDPHWHUVRIWKHVH
YDULDEOHVXVLQJSUREDELOLW\VWDWLVWLFDODQDO\VLVPHWKRG
FDQFDOFXODWHWKHUHVHUYRLUIORRGGLVSDWFKLQJULVN>@
,PSURYLQJ UHVHUYRLU ZDWHU OLPLW OHYHO LQ IORRG
VHDVRQV FDQ LQFUHDVH WKH UHVHUYRLU VWRUDJH DQG HFR
QRPLFEHQHILWEXWGHFUHDVHIORRGFRQWUROFDSDFLW\LQ
FUHDVHWKHULVNRIVXUSDVVLQJGHVLJQVWDQGDUGOHYHO =G 
7KHHTXDWLRQIRUWKHULVNLVDVIROORZV
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ZKHUH I ] LV WKHSUREDELOLW\ GHQVLW\ IXQFWLRQRI
UHVHUYRLU ZDWHU OHYHO ZKHQ WKH VWDWLVWLFDO GDWD LV
HQRXJKI ] FDQEHUHSODFHGE\LQIORZIORRGGDWD
7KH'655FDQEHFDOFXODWHGEDVHGRQWKHDERYH
WKHRU\
7KH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI GDP VDIHW\
ULVNLVGLIILFXOWWRGHWHUPLQHVRWKDWLWLVXQDEOHWRHV
WDEOLVKLQWHJUDOHTXDWLRQ>@7KLVVWXG\XVHGKLV
WRULFDOIORRGGDWDWRFDOFXODWH'655E\IORRGURXWLQJ
RIUHVHUYRLU7KH HTXDWLRQIRU WKH ULVNUDWLRLVDVIRO
ORZV
f1 ( Z i )

n
N 1



ZKHUHI =L LVWKHULVNUDWLRRIVXUSDVVLQJGHVLJQ
VWDQGDUGOHYHO =G ZKHQWKH)/:/LV=L1LVWKHWRWDO
QXPEHURIIORRGLQKLVWRULFDOIORRGGDWDQLVWKHQXP
EHURIRFFXUULQJVXUSDVVLQJGHVLJQVWDQGDUGOHYHO =G 
WKURXJKIORRGURXWLQJZKHQWKH)/:/LV=L
0&0& VWRFKDVWLF PRGHOLQJ PHWKRG  
0&0& PHWKRG 7KH EDVLF SULQFLSOH RI 0&0&
PHWKRGLVVLPXODWLQJWKHVDPSOHVXQGHUVSHFLILHGGLV
WULEXWLRQE\0DUNRYFKDLQDQGPDNLQJVWDWLVWLFDOLQIHU
HQFHRQWKHEDVLVRIWKHVHVDPSOHV7KHILUVW0&PHDQV
GHYHORSLQJ D 0DUNRY &KDLQ RI ZKLFK WKH VWDWLRQDU\
GLVWULEXWLRQLVSDQGWKHVDPSOHVDUHVHOHFWHGIURPWKH
0DUNRY&KDLQ7KHVHFRQG0&PHDQVXVLQJ0RQWH
&DUORLQWHJUDWLRQPHWKRG 0&PHWKRG WRFDOFXODWHWKH
VHOHFWHGVDPSOHV>@
0& PHWKRG LV DOVR FDOOHG VWRFKDVWLF VLPXODWLRQ
PHWKRGZKLFKLVDEUDQFKRIH[SHULPHQWDOPDWKHPDWLF
,W LV RQ WKH EDVLV RI SUREDELOLW\ WKHRU\ UDQGRP VDP
SOLQJDQGPDNLQJUHVHDUFKRIWKHVWDWLVWLFVRIWKHVDP
SOHV7KHVWDWLVWLFYDOXHLVXVHGDVWKHQXPHULFDOVROX
WLRQ,QWKHSURFHVVRIHDFKVLPXODWLRQDVHWRIUDQGRP
VHTXHQFHLVJHQHUDWHGDFFRUGLQJWRWKHFRUUHVSRQGLQJ
SUREDELOLW\GLVWULEXWLRQIXQFWLRQ
0DWKHPDWLFDOO\WKHFRPPRQZD\WRVROYHSURE
DELOLW\ SUREOHP LV WR WUDQVIHU LW LQWR VRPH FHUWDLQW\
SUREOHPV7KHSULQFLSOHRI0&PHWKRGLVFRQWUDU\WR
WKH FODVVLF PHWKRG 0& PHWKRG FRQQHFWV FHUWDLQW\
SUREOHPVZLWKVRPHSUREDELOLW\PRGHOVDQGWKHVWDWLV
WLFDO UHVXOW RI VWDWLVWLFDO WHVWLQJ LV VHW DV WKH DSSUR[L
PDWHDQDO\WLFDOVROXWLRQRIWKHRULJLQDOSUREOHP>@
)RUDJLYHQIXQFWLRQJ [ FDOFXODWLQJWKHIROORZ
LQJLQWHJUDO

ZKHUH =G LV WKH YDOXH RI GHVLJQ VWDQGDUG OHYHO
XVHGWRFDOFXODWHWKHULVNUDWLRDQGWKHYDOXHUDQJHLV
EHWZHHQGHVLJQIORRGOHYHODQGFKHFNIORRGOHYHO=P W 
LV WKH SRVVLEOH KLJKHVW ZDWHU OHYHO WKURXJK WKH

b

³g
a
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,IWKHDQDO\WLFDOVROXWLRQFDQQRWEHFDOFXODWHGWKH
HQXPHUDWLRQPHWKRGFDQEHXVHGWRFDOFXODWHDOOWKH[
YDOXH LQ WKH LQWHUYDO D E  %XW WKH ZRUNORDG RI WKH
HQXPHUDWLRQPHWKRGLVWRRKHDY\VRWKDWWKLVPHWKRG
LV QRW DOZD\V DSSOLFDEOH$V IRU 0& PHWKRG J [  LV
GHILQHG DV D SURGXFW RI SUREDELOLW\ GHQVLW\ IXQFWLRQ
S [ ZKLFKLVGHILQHGRQWKHLQWHUYDO DE DQGVRPH
IXQFWLRQI [ 7KHUHVXOWRIWKHRULJLQDOLQWHJUDOLVHTXDO
WR WKH PHDQ YDOXH RI I [  RQ WKH SUREDELOLW\ GHQVLW\
IXQFWLRQS [ 7KHHTXDWLRQLVDVIROORZV
b

b

a

a

³ g x dx= ³ f x p x dx

E p x ª¬ f x º¼



7KH VDPSOHV ZKLFK FRQIRUP WRWKH GLVWULEXWLRQ
RIS [ DUHFROOHFWHGDVIROORZV

i xi / ¦ i xi | p xi



7KHIXQFWLRQYDOXHVRIWKHVHVDPSOHVDUHXVHGWR
DSSURDFKWKHPHDQYDOXH7KHHTXDWLRQLVDVIROORZV
b

1 n
g
x
dx
E
f
x
|
=
ª
º
p x ¬
¼ n ¦ f xi
³a
i 1



0&PHWKRGLVDSSURSULDWHWRVROYHWKHFRPSOH[
QRQOLQHDU G\QDPLF V\VWHP SUREOHP WKDW FDQQRW EH
VROYHGE\DQDO\WLFPHWKRG$QGWKHQXPHULFDOVROXWLRQ
FDQEHFDOFXODWHG
0&PHWKRGFDQEHXVHGWRVLPXODWHVRPHVLPSOH
LQWHJUDQGEXWIRUVRPHFRPSOLFDWHGDQGKLJKGLPHQ
VLRQDOLQWHJUDQGJ [ LWLVDOZD\VGLIILFXOWWRJHQHUDWH
h x
K [ 
UDQGRPVDPSOHV6XFKDVIRU g x
³ h x dx
LVHDV\WREHFDOFXODWHGEXW

³h

x dx FDQQRWEHFDOFX

ODWHG DQG IRU WZR GLPHQVLRQDO GLVWULEXWLRQ IXQFWLRQ
J [\ LWLVYHU\KDUGWREHFDOFXODWHGEXWWKHFRQGL
WLRQDOGLVWULEXWLRQIRUPVJ [_\ RUJ \_[ DUHHDV\WREH
FDOFXODWHG>@ %HFDXVH RI WKLV 0&0& PHWKRG LV
PRUHDSSOLFDEOHWRFDOFXODWHWKHFRPSOLFDWHGDQGKLJK
GLPHQVLRQDOLQWHJUDQG
7KH UDQGRPSURFHVV^;WWt`LVFDOOHG0DUNRY
&KDLQZKLFKVDWLVILHVWKHIROORZLQJHTXDWLRQ
P ^ X n 1

j X0

i0 , X1

i1 ,}, X n 1

in 1 `

P ^ X n 1

j Xn

in `


ZKHUH;LLVWKHYDOXHRIUDQGRPYDULDEOH;DWWKH
GLVFUHWH
WLPH
W
^;Q LQ`
^;Q M`
DQG^; L; L Ă ;Q LQ` DUH LQGHSHQGHQW IURP
HDFKRWKHU3^;Q M_;Q LQ`LVFDOOHGWKHWUDQVIHUNHU
QHO
7KHGLVWULEXWLRQRIWKHUDQGRPYDULDEOHJUDGXDOO\
FRQYHUJHVWRWKHRQO\VWDWLRQDU\GLVWULEXWLRQSZLWKWKH
LQFUHDVHRIW7KHHTXDWLRQLVDVIROORZV

lim P ^ X n 1

n of

j Xn

in ` S



$FFRUGLQJWRWKHDERYHWKHRU\WKHLQLWLDOYDOXHRI
DUDQGRPYDULDEOHKDVQRHIIHFWRQWKHSUREDELOLW\RI
WKHYDOXHRIYDULDEOHDIWHUHQRXJKLWHUDWLRQV$QGWKH
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SUREDELOLW\GLVWULEXWLRQRIREWDLQLQJFHUWDLQYDOXHVIRU
WKHUDQGRPYDULDEOHJUDGXDOO\DSSURDFKHVWKHVWDWLRQ
DU\GLVWULEXWLRQ S7KXVWKHVDPSOHVWKDWPHHWDFHU
WDLQ GLVWULEXWLRQ FDQ EH REWDLQHG E\ VLPXODWLQJ WKH
0DUNRYSURFHVVRIWKHVWDWLRQDU\GLVWULEXWLRQ
6WDUWLQJ IURP GLIIHUHQW LQLWLDO YDOXHV WKDW PHHW
;aS [  DIWHU P WLPHV RI LWHUDWLRQV WKH SUREDELOLW\
GLVWULEXWLRQRIREWDLQLQJFHUWDLQYDOXHVIRUWKHUDQGRP
YDULDEOHJUDGXDOO\DSSURDFKHVWKHVWDWLRQDU\GLVWULEX
WLRQ S%HFDXVHRIWKLVWKHYDOXHVRIWKHILUVWPWLPHV
RILWHUDWLRQVVKRXOGEHGHOHWHG7KHUHVXOWLVDVIROORZV
n
1
ES g
g xi

¦
n  m i m 1
 6LPXODWLRQRIUHVHUYRLULQIORZZLWK0&0&
PHWKRG0RVWRIWKHQDWXUDOGLVWULEXWLRQREH\VQRUPDO
GLVWULEXWLRQVRWKDWWKHWUDQVIHUNHUQHOZDVFRQVWUXFWHG
WRUDQGRPO\VLPXODWHWKHSHDNIORZRIWKHLQIORZRIWKH
UHVHUYRLU 7KH VWDWLRQDU\ GLVWULEXWLRQ RI WKH WUDQVIHU
NHUQHO ZDV QRUPDO GLVWULEXWLRQ ,Q WKLV SURFHVV WKH
IORRGK\GURJUDSKNHHSXQFKDQJHG7KHIRUPRIIORRG
K\GURJUDSKLVDIIHFWHGE\PDQ\IDFWRUVVXFKDVSUH
FLSLWDWLRQDQGUXQRIISURGXFLQJDQGFRQYHUJLQJ,QRU
GHU WR VLPSOLI\ WKH VLPXODWLRQ SURFHVV WKLV SDSHU
DGRSWHGWKHPHWKRGRIVLPXODWLQJSHDNIORZWRHQODUJH
RUGHFUHDVHWKHW\SLFDOIORRGK\GURJUDSKZLWKWKHVDPH
PDJQLILFDWLRQUDWLRWRJHWWKHVLPXODWHGIORRGVRIGLI
IHUHQWPDJQLWXGH
6WXG\ DUHD 6KLOLDQJKH UHVHUYRLU ORFDWHG LQ
/LDQ\XQJDQJFLW\LQ(DVW&KLQDFRQWUROVGUDLQDJHDUHD
RI  NP 7KH DQQXDO SUHFLSLWDWLRQ LQ WKH VWXG\
DUHDLVPP6KLOLDQJKHUHVHUYRLUZLWKDWRWDOFD
SDFLW\RIuPLVWKHODUJHVWUHVHUYRLULQ-LDQJVX
3URYLQFH7KH XWLOL]DEOHFDSDFLW\LVuP7KH
FXUUHQW)/:/LVPGHVLJQIORRGOHYHOLVP
DQG FKHFN IORRG OHYHO LV  P SHDN GLVFKDUJH RI
GHVLJQ IORRG LV  PV SHDN GLVFKDUJH RI FKHFN
IORRGLVPVPD[LPXPGLVFKDUJHLVPV
6KLOLDQJKH UHVHUYRLU LV D ODUJHVFDOH FRPSUHKHQVLYH
K\GURSURMHFWSULYLOHJHGWRLUULJDWLRQDQGIORRGFRQWURO
LQFRUSRUDWLQJZLWKXUEDQZDWHUVXSSO\HOHFWULFSRZHU
JHQHUDWLRQDQGDTXLFXOWXUH7KHORFDWLRQPDSRI6KLOL
DQJKH UHVHUYRLU VWXGLHG LQ WKLV SDSHU FDQ EH VHHQ LQ
)LJXUH
5(68/76$1'',6&866,21
&DOFXODWLRQRI'655ZLWK36$PHWKRG6KLOL
DQJKH UHVHUYRLU LV DQ LPSRUWDQW ZDWHU FRQVHUYDQF\
KLQJHLQ<LVKXVLULYHUEDVLQ7KHKLJKHVWKLVWRULFDOZD
WHUOHYHORIUHVHUYRLULVPZKLFKLVPKLJKHU
WKDQWKHYDOXHRIGHVLJQIORRGOHYHO7KHFKHFNIORRG
OHYHO P ZDVVHWDVWKHGHVLJQVWDQGDUGOHYHO =G 
LQWKHFDOFXODWLRQRI'6557KHFULWHULRQRIIORRGUHJ
XODWLQJFDOFXODWLRQZDVFORVLQJWRRUVOLJKWO\H[FHHGLQJ
=GIRUWKHIORRGRIGLIIHUHQWIUHTXHQF\ZKLFKZDV VHW
DVWKH'655RIWKH)/:/
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),*85(
/RFDWLRQPDSRI6KLOLDQJKHUHVHUYRLUVWXGLHGLQWKLVSDSHU
7$%/(
7KH'655RIWKHKLVWRULFDOVWDWLVWLFGDWDDQGWKHUHVXOWVRI36$0&0&DQG0&0&
)/:/
P




















'655
+LVWRULFDOVWDWLVWLF
GDWD




















7KH 3 ċ  K\GURORJLFDO IUHTXHQF\ FXUYH ZDV
GUDZQE\VWDWLVWLFDOO\DQDO\]LQJWKHXSVWUHDPLQIORZWR
FDUU\ RQ WKH IORRG URXWLQJ FDOFXODWLRQ ZLWK GLIIHUHQW
)/:/ DQG REWDLQ WKH IORRG DQG LWV IUHTXHQF\ 7KH
KLJKHVW ZDWHU OHYHO RI WKH IORRG ZDV FORVLQJ WR RU
VOLJKWO\H[FHHGLQJ=G7KHUHVXOWVRI36$PHWKRGDUH
SUHVHQWHGLQWDEOHDQGWKHFKDQJHFXUYHRIWKH'655
RIWKH36$PHWKRGZLWK)/:/FDQEHVHHQLQILJXUH
$FFRUGLQJWRWDEOHDQGILJXUHDVWKH)/:/
JUDGXDOO\ LQFUHDVLQJ WKH '655 JUDGXDOO\ LQFUHDVHV
:KHQWKH'655LVOHVVWKDQuWKHULVNLVORZDQG
FRQWUROODEOH:KHQWKHULVNUDWLRLVEHWZHHQuDQG

36$

0&0&

0&0&





























































u WKH ULVN LV PRGHUDWH :KHQ WKH ULVN UDWLR LV
PRUHWKDQuWKHULVNLVKLJKDQGXQFRQWUROODEOH
$FFRUGLQJWRWKHUHODWLRQFXUYH ZKHQWKH)/:/LQ
FUHDVHGIURPPWRPWKHLQFUHDVLQJGHJUHHRI
'655LVUHODWLYHO\PLQRUIURPuWRuDQG
OHVV WKDQ u :KHQ WKH )/:/ LQFUHDVHG IURP
PWRPWKHULVNUDWLRLQFUHDVHGUDSLGO\IURP
uWRu
&DOFXODWLRQRI'655ZLWK0&0&PHWKRG$V
IRU 0&0& PHWKRG ZKHQ WKH QXPEHU RI VLPXODWHG
IORRG SURFHVVHV UHDFKHV PRUH WKDQ  WLPHV WKH
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ULVNUDWHFXUYHKDVEHFRPHYHU\VPRRWKVRWKDWWKHDF
FXUDF\ FDQ PHHW WKH UHTXLUHPHQW 7ZR VHWV RI GDWD
ZHUH JHQHUDWHG E\ 0&0& PHWKRG 7KH ILUVW VHW
0&0& KDVIORRGSURFHVVGDWDDQGWKHVHF
RQGVHW 0&0& KDVIORRGSURFHVVGDWD7KH
'655RIGLIIHUHQW)/:/FDQEHFDOFXODWHGE\VWDWLVWL
FDOO\DQDO\]LQJWKHUHVXOWVRIWKHVHWZRVHWV7KHUHVXOWV
RI0&0&DQG0&0&DUHSUHVHQWHGLQWDEOHDQG
WKH FKDQJH FXUYH RI WKH '655 RI 0&0& DQG
0&0&ZLWK)/:/FDQEHVHHQLQILJXUH
$FFRUGLQJWRWDEOHDQGILJXUHDVIRU0&0&
ZKHQWKH)/:/LQFUHDVHGIURPPWRPWKH
LQFUHDVLQJGHJUHHRI'655LV UHODWLYHO\ PLQRUIURP
u WR u DQG OHVV WKDQ u :KHQ WKH
)/:/LQFUHDVHGIURPPWRPWKHULVNUDWLR
LQFUHDVHG UDSLGO\ IURP u WR u$V IRU
0&0& ZKHQ WKH )/:/ LQFUHDVHG IURP P WR
PWKHLQFUHDVLQJGHJUHHRI'655LVUHODWLYHO\PL
QRU IURP u WR u DQG OHVV WKDQ u
:KHQWKH)/:/LQFUHDVHGIURPPWRPWKH
ULVNUDWLRLQFUHDVHGUDSLGO\IURPuWRu
&RPSDULVRQRIWKHUHVXOWVRI36$DQG0&0&
$FFRUGLQJWRWDEOHILJXUHDQGWKHDERYHDQDO\VHV
WKHFKDQJHWUHQGRI'655ZLWK)/:/RIWKHUHVXOWRI
0&0&PHWKRGLVEDVLFDOO\WKHVDPHZLWKWKHUHVXOWRI
36$PHWKRG
:KHQWKH)/:/LVPWKH'655RI0&0&
DQG36$LVWKHVDPHZKLFKLVuDQGWKHUHVXOW
RI0&0&LVVOLJKWO\OHVVZKLFKLVu:KHQ
WKH)/:/LVOHVVWKDQPWKH'655RI0&0&LV
OHVVWKDQWKHUHVXOWRI36$:KHQWKH)/:/LVKLJKHU
WKDQPWKH'655RI0&0&LVKLJKHU
:KHQWKH)/:/LVPWKH'655RI0&0&
LV WKH VDPH ZLWK WKH UHVXOW RI 0&0& ZKLFK LV
u :KHQ WKH )/:/ LV OHVV WKDQ P WKH
'655RI0&0&LVKLJKHUWKDQWKHUHVXOWRI0&0&
:KHQ WKH )/:/ LV KLJKHU WKDQ P WKH UHVXOW RI
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0&0&LVPXFKKLJKHUDQGPXFKFORVHUWRWKH'655
RIKLVWRULFDOVWDWLVWLFGDWD
)LJXUH  VKRZV WKH FRUUHODWLRQ RI WKH UHVXOWV RI
36$0&0&DQG0&0&ZLWKWKHKLVWRULFDOVWDWLV
WLFGDWDWKHFRUUHODWLRQFRHIILFLHQWVRI36$0&0&
DQG 0&0& DUH   DQG  UHVSHF
WLYHO\$FFRUGLQJWRWKHUHVXOWVWKHDFFXUDF\RIWKHUH
VXOWRI0&0&PHWKRGLVKLJKHUWKDQWKHUHVXOWRI36$
PHWKRG7KHUHDUHUHDVRQV36$PHWKRGLVRQWKHEDVLV
RIKLVWRULFDOLQIORZGDWDEXW0&0&PHWKRGLVRQWKH
EDVLVRIVLPXODWHGGDWD7KHKLVWRULFDOLQIORZGDWDRI
UHVHUYRLULVOLPLWHGVRWKDWWKH VWDQGDUGGHYLDWLRQRI
36$ PHWKRGLVKLJKHUWKDQWKH VWDQGDUGGHYLDWLRQRI
0&0&PHWKRGDQGWKHUHLVGLIIHUHQFHRIWKHYDOXHRI
QRUPDO GLVWULEXWLRQ EHWZHHQ WKH FDOFXODWLRQ UHVXOW RI
KLVWRULFDO LQIORZ GDWD DQG WKH LGHDO VWDWH $V IRU
0&0&PHWKRGWKHUHDUHHQRXJKLWHUDWLRQVWKDWKDYH
EHHQGRQHIRUWKHGLVWULEXWLRQIXQFWLRQRIWKHSHDNIORZ
DQG IORRG YROXPH RI WKH LQIORZ SURFHVV VR WKDW WKH
0DUNRYSURFHVVKDVPHWWKHUHTXLUHPHQWRIWKHVWDWLRQ
DU\ GLVWULEXWLRQ %HFDXVH RI WKHVH WKH DFFXUDF\ RI
0&0&PHWKRGLVKLJKHUWKDQ36$PHWKRG$QGDVWKH
QXPEHURIVLPXODWHGIORRGSURFHVVRI0&0&PHWKRG
LQFUHDVLQJWKHDFFXUDF\RIWKHUHVXOWLQFUHDVHV
)LJXUHVKRZVWKHGLIIHUHQFHEHWZHHQWKHUHVXOWV
RI36$0&0&0&0&DQGKLVWRULFDOVWDWLVWLFGDWD
LQ '655$FFRUGLQJ WR ILJXUH  ZKHQ WKH )/:/ LV
OHVVWKDQPDVIRU36$PHWKRGWKHGLIIHUHQFHYDO
XHVDUHSRVLWLYHIRU0&0&PHWKRGWKHGLIIHUHQFHYDO
XHVDUHQHJDWLYHDQGWKHDEVROXWHGLIIHUHQFHYDOXHVRI
36$ PHWKRG DUH KLJKHU WKDQ WKH YDOXHV RI 0&0&
PHWKRG7KXVDVIRUORZHU)/:/FRPSDUHGZLWKWKH
'655 RI KLVWRULFDO VWDWLVWLF GDWD WKH UHVXOWV RI 36$
PHWKRGDUHKLJKHUZKLFKLVQRWKHOSIXOWRLPSURYHWKH
)/:/RIUHVHUYRLUWREULQJWKHEHQHILWLQWRIXOOSOD\
EXWWKHUHVXOWVRI0&0&PHWKRGDUHORZHUZKLFKLV
KHOSIXO WR EULQJ WKH EHQHILW LQWR IXOO SOD\ :KHQ WKH
)/:/LVKLJKHUWKDQPERWKRIWKHGLIIHUHQFHYDO
XHVRI36$PHWKRGDQG0&0&PHWKRGDUHQHJDWLYH

),*85(
7KHFKDQJHFXUYHVRIWKH'655RIWKHKLVWRULFDOVWDWLVWLFGDWDDQGWKHUHVXOWVRI36$0&0&DQG
0&0&ZLWK)/:/
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),*85(
&RUUHODWLRQRIWKHUHVXOWVRI36$0&0&DQG0&0&ZLWKWKHKLVWRULFDOVWDWLVWLFGDWD

),*85(
7KHGLIIHUHQFHEHWZHHQWKHUHVXOWVRI36$0&0&0&0&DQGKLVWRULFDOVWDWLVWLFGDWDLQ'655
DQGWKHDEVROXWHGLIIHUHQFHYDOXHVRI36$PHWKRGDUH
DOVRKLJKHUWKDQWKHYDOXHVRI0&0&PHWKRG7KXV
DVIRUKLJKHU)/:/FRPSDUHGZLWKWKH'655RIKLV
WRULFDO VWDWLVWLF GDWD WKH UHVXOWV RI 36$ PHWKRG DUH
ORZHUZKLFKLVQRWKHOSIXOWRVXIILFLHQWO\HYDOXDWHWKH
GDPVDIHW\ULVNDIWHULPSURYLQJWKH)/:/EXWWKHUH
VXOWVRI0&0&PHWKRGDUHKLJKHUZKLFKLVKHOSIXOWR
VXIILFLHQWO\HYDOXDWHWKHGDPVDIHW\ULVNDQGHQVXUHWKH
GDP VDIHW\ %HFDXVH RI WKHVH WKH VXSHULRULW\ RI
0&0&PHWKRGLVKLJKHUWKDQ36$PHWKRG
&21&/86,216
7KLVSDSHUSURSRVHGWKH0&0&PHWKRGWRFDO
FXODWHWKH'655RIDGMXVWLQJ)/:/RIUHVHUYRLU7KH
6KLOLDQJKHUHVHUYRLUZDVVHOHFWHGDVDFDVHVWXG\7KH
'655 RI DGMXVWLQJ )/:/ ZDV FDOFXODWHG E\ 36$
PHWKRGDQG0&0&PHWKRGUHVSHFWLYHO\7KHIROORZ
LQJFRQFOXVLRQVDUHGUDZQIURPWKHVWXG\
 %RWK36$PHWKRGDQG0&0&PHWKRGFDQEH
XVHGWRDQDO\]HWKH'655RIDGMXVWLQJ)/:/$VIRU
36$PHWKRGWKHKLVWRULFDOLQIORZGDWDRIUHVHUYRLULV
OLPLWHGDQGWKHUHLVGLIIHUHQFHRIWKHYDOXHRIQRUPDO
GLVWULEXWLRQEHWZHHQWKHFDOFXODWLRQUHVXOWRIKLVWRULFDO

LQIORZGDWDDQGWKHLGHDOVWDWH$VIRU0&0&PHWKRG
WKHUHDUHHQRXJKLWHUDWLRQVWKDWKDYHEHHQGRQHIRUWKH
GLVWULEXWLRQ IXQFWLRQRIWKHSHDNIORZDQGIORRGYRO
XPHRIWKHLQIORZSURFHVVVRWKDWWKHPDUNRYSURFHVV
KDVPHWWKHUHTXLUHPHQWRIWKHVWDWLRQDU\GLVWULEXWLRQ
%HFDXVHRIWKHVHWKH0&0&PHWKRGLVPRUHDFFXUDWH
WKDQ36$PHWKRG
 $VWKHQXPEHURIVLPXODWHGIORRGSURFHVVRI
0&0&PHWKRGLQFUHDVLQJWKHDFFXUDF\RIWKHUHVXOW
LQFUHDVHV
  $V IRU ORZHU )/:/ FRPSDUHG ZLWK WKH
'655 RI KLVWRULFDO VWDWLVWLF GDWD WKH UHVXOWV RI 36$
PHWKRGDUHKLJKHUZKLFKLVQRWKHOSIXOWRLPSURYHWKH
)/:/RIUHVHUYRLUWREULQJWKHEHQHILWLQWRIXOOSOD\
EXWWKHUHVXOWVRI0&0&PHWKRGDUHORZHUZKLFKLV
KHOSIXOWREULQJWKHEHQHILWLQWRIXOOSOD\$VIRUKLJKHU
)/:/FRPSDUHGZLWKWKH'655RIKLVWRULFDOVWDWLVWLF
GDWDWKHUHVXOWVRI36$PHWKRGDUHORZHUZKLFKLVQRW
KHOSIXOWRVXIILFLHQWO\HYDOXDWHWKHGDPVDIHW\ULVNDI
WHU LPSURYLQJ WKH )/:/ EXW WKH UHVXOWV RI 0&0&
PHWKRG DUH KLJKHU ZKLFK LV KHOSIXO WR VXIILFLHQWO\
HYDOXDWHWKHGDPVDIHW\ULVNDQGHQVXUHWKHGDPVDIHW\
%HFDXVH RI WKHVH WKH 0&0& PHWKRG KDV PRUH DG
YDQWDJHVWKDQ36$PHWKRG
7KH VWXG\ DSSURDFK ZLOO SURYLGH XVHIXO
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LQIRUPDWLRQDQGUHIHUHQFHIRUVLPLODUVWXGLHVWREHFRQ
GXFWHGLQRWKHUUHJLRQVDQGWKHUHVXOWVZLOOKDYHXVHIXO
LPSOLFDWLRQVIRUFDOFXODWLQJ'655RIDGMXVWLQJ)/:/
$&.12:/('*(0(176
7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\WKH)XQ
GDPHQWDO5HVHDUFK)XQGVIRUWKH&HQWUDO8QLYHUVLWLHV
1R %;  WKH 3RVWJUDGXDWH 5HVHDUFK 
3UDFWLFH ,QQRYDWLRQ 3URJUDP RI -LDQJVX 3URYLQFH
.<&;B  WKH )XQGDPHQWDO 5HVHDUFK )XQGV
IRUWKH&HQWUDO8QLYHUVLWLHV % WKH:DWHU
&RQVHUYDQF\6FLHQFHDQG7HFKQLTXHRI-LDQJVX3URY
LQFH   WKH :DWHU &RQVHUYDQF\ 6FLHQFH DQG
7HFKQLTXHRI+XQDQ3URYLQFH 1R>@ WKH
.H\3URMHFWRI:DWHU&RQVHUYDQF\6FLHQFHDQG7HFK
QLTXH RI+XQDQ3URYLQFH 1R>@ DQG$
3URMHFW)XQGHGE\WKH3ULRULW\$FDGHPLF3URJUDP'H
YHORSPHQW RI -LDQJVX +LJKHU (GXFDWLRQ ,QVWLWXWLRQV
3$3' 
5()(5(1&(6
[1] &DR<  6WXG\RQ)ORRGZDWHU8WLOL]DWLRQ
DQG0DQDJHPHQW5HVRXUFHVDQG,QGXVWULHV

[2] +XDQJ;/LQ-4X;)DQJ*DQG=KX/
 5HVHDUFKRQ:DWHU/HYHO&RQWURO6FKHPH
RI 5HVHUYRLU )ORRG 5HVRXUFHV 8WLOL]DWLRQ
&RQVLGHULQJ 'DP 6DIHW\ DQG 5LVN %HQHILW UG
,QWHUQDWLRQDO &RQIHUHQFH RQ 0HFKDWURQLFV
5RERWLFVDQG$XWRPDWLRQ ,&05$ 
[3] %HQGHU 0 +UDQLVDYOMHYLF ' %HUQDUGLQ 5
DQG%LDQFKL5  '\QDPLFRSHUDWLQJUXOHV
IRU ZDWHU VXSSO\ UHVHUYRLUV LQ /D 3D] :DWHU
VFLHQFHDQGWHFKQRORJ\  
[4] <XQ5DQG6LQJK93  0XOWLSOHGXUDWLRQ
OLPLWHG ZDWHU OHYHO DQG G\QDPLF OLPLWHG ZDWHU
OHYHO IRU IORRG FRQWURO ZLWK LPSOLFDWLRQV RQ
ZDWHU VXSSO\ -RXUQDO RI +\GURORJ\  ± 
±
[5] :XUEV5$DQG&DEH]DV/0  $QDO\VLV
RI UHVHUYRLU VWRUDJH UHDOORFDWLRQV -RXUQDO RI
+\GURORJ\  
[6] /LX 3 /L / *XR 6 ;LRQJ / =KDQJ :
=KDQJ-DQG;X&<  2SWLPDOGHVLJQRI
VHDVRQDO IORRG OLPLWHG ZDWHU OHYHOV DQG LWV
DSSOLFDWLRQ IRU WKH 7KUHH *RUJHV 5HVHUYRLU
-RXUQDORI+\GURORJ\
[7] 6DOPRQ *0 DQG +DUWIRUG '   5LVN
DQDO\VLVIRUGDPVDIHW\,Q,QWHUQDWLRQDO-RXUQDO
RI 5RFN 0HFKDQLFV DQG 0LQLQJ 6FLHQFHV DQG
*HRPHFKDQLFV$EVWUDFWV  $
[8] 4LX5:DQJ%DQG=KRX+  1HZLGHD
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DETERMINATION OF SELECTED ELEMENT
CONCENTRATIONS IN DRINKING WATER FROM
AQABA CITY, JORDAN
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safety [4]. The human right to water and to sanitation
constitutes the right of every individual, without discrimination, to sufficient, safe, acceptable, accessible and affordable water and sanitation for personal
use [5]. These criteria apply to water for personal and
domestic use sufficient to sustain life and health and
meet basic needs for drinking, cooking and hygiene
and to sanitation [6]. Therefore, ensuring drinking
water source areas are safe is an important issue in
the field of water management [3, 7, 8]. In developing countries, improper drinking water is responsible
for many diseases outbreaks. Therefore, drinking
water has to fulfill a certain set of physical, chemical
and biological standards [9]. In Jordan, the sources
for drinking water are predominantly aquifer [10].
The majority of drinking water in Aqaba is sourced
from Disi aquifer, which is located at the southern
part of Jordan. This aquifer is a large fossil water
system that is considered the main resource of drinking water in Jordan [11]. Water reaches the groundwater through two primary natural pathways in the
course of the hydrologic cycle: direct leaching
through soils and rock formations, and recharge from
surface waters [12]. Nevertheless, the natural chemical composition of groundwater can be affected
based on chemicals dissolved in the precipitation and
those absorbed on the way through soil and unsaturated strata down to the aquifer, depending on both
the water-rock interaction and contact time [13].
Chemical elements from both anthropogenic
and geogenic sources of origin are frequently present
in large amounts in soil materials which often contains elevated levels of potentially toxic elements
(PTEs) such as Cr, Cu, Ni, Zn and others [14, 15,
16]. In particular, heavy metals are known to be
among the most effective environmental pollutants,
and their release into the environment is increasing
worldwide [17, 18, 19]. However, most drinking water sources are from surface and groundwater, which
can be susceptible to PTEs pollution [3, 20]. In this
context, several studies have identified the levels and
distribution of some of the most common PTEs in
drinking water, and have investigated the factors that
cause contaminant exposure of human population [3,

ABSTRACT
In this research, the primary focus was to analyze and determine the primary elements in drinking
water. Fourteen selected elements, namely Al, Ca,
Cr, Cu, Fe, K, Mg, Na, Ni, P, S, Si, Ti and Zn, were
identified in drinking water from three different
sources (tap water (TW), filtered tap water (FTW)
and bottled water (BW) in Aqaba city (Jordan). The
HOHPHQWV¶FRQFHQWUDWLRQVZHUHDQDO\]HGE\DQ,QGXF
tively Coupled Plasma Optical Emission Spectroscopy (ICP-OES). The mean concentration value of
Al, Ca, Fe, K, Mg, Na, S, and Si in TW were 0.19,
43.89, 0.13, 1.38, 6.88, 18.25, 9.76, and 2.91 mg/L,
respectively. Additionally, the mean concentrations
RI&UDQG1LZHUHDQGȝJ/UHVSHFWLYHO\
The mean concentrations of Cu, P, Ti, and Zn were
below the quantification limit (QL), which was < 0.1
mg/L in all samples from TW. In addition, alkalinity
(Alk), electrical conductivity (EC), total suspended
solids (TSS), and pH were analyzed. All of concentrations of elements and physico-chemical parameters in this study did not exceed the recommended
limits for drinking water except for Al concentrations in TW. The results showed that FTW (Reverse
Osmosis) has the lowest level of elements compared
with other sources of drinking water.

KEYWORDS:
Drinking water, Reverse osmosis, Ion exchange, ICPOES, Aqaba, Jordan

INTRODUCTION
Safe and readily available water are important
for public health, whether it is used for drinking, domestic use, food production or recreational purposes
[1, 2, 3]. However, with the rapid development of the
economy in recent years, water pollution accidents
have occurred frequently, and accidents that have occurred in drinking water source areas in particular
have seriously affected public health and social
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the mean concentration and standard deviation were
evaluated. The quantification limit (QL) for all elements, analyzed by ICP-OES, was 0.1 mg/L. Finally,
further analysis was performed to determine the concentrations of Cr and Ni by using inductively coupled plasma mass spectrometer (ICP-MS) from Perkin Elemer Sciex Company, USA/Canada. Both
ICP-OES and ICP-MS are ISO-17025 accredited.
Physicochemical parameters such as: alkalinity
(Alk), electrical conductivity (EC), total suspended
solids (TSS), and hydrogen ion concentration (pH)
were analyzed immediately after collection in all water samples by portable pH/EC meters, using standard procedures.

20]. Some of these contaminants are widely known
to be toxic to human health [21]. On the other hand,
elements known to be essential for human health are
the first row transition elements: Cu, Cr, Fe, Ni, and
Zn [22]. Each has its exact part in the cellular metabolism, and it can't be replaced by other elements.
Most of them performed mainly as catalysts in enzyme systems [22]. Their functions range from partially weak ionic to strong specific effects with
metalloenzymes.
However, in this work, most of the widely recognized PTEs (Al, Ca, Cr, Cu, Fe, K, Mg, Na, Ni, P,
S, Si, Ti and Zn) were analyzed to evaluate the quality of Aqaba drinking water. In order to accomplish
this objective, selected physico-chemical parameters
were analyzed: alkalinity (Alk), electrical conductivity (EC), total suspended solids (TSS), pH were
measured and the concentrations of Al, Ca, Cr, Cu,
Fe, K, Mg, Na, Ni, P, S, Si, Ti and Zn from tap water
(TW), filtered tap water (FTW) using reverse osmosis membrane (RO) or ion exchange softener (IE),
and bottled water (BW) collected from local market
were also analyzed.

Statistical analysis. All statistical analyses was
performed using (StatView, version5.0) statistics.
Mann-Whitney test was used to compare between
the major three categories of drinking water in Aqaba (TW, FTW, and BW). The comparisons were
performed for several elements dissolved in drinking
water (Al, Ca, Cr, Cu, Fe, K, Mg, Na, Ni, P, S, Si, Ti
and Zn) and major ions dissolved in drinking water
(fluoride, chloride, and sulfate).

MATERIALS AND METHODS
RESULTS AND DISCUSSION
Samples collection and preparation. All water samples (TW and FTW) were collected from different houses in Aqaba, Jordan. TW samples were
collected from kitchen taps whereas; FTW samples
were collected from filter taps after 2 min of flushing. They were all stored in polyethylene terephthalate (PET) bottles (0.5 L). Bottles were rinsed
several times with water flushed from the distributing system before being filled with water samples.
In addition, ten brands of bottled water (BW) were
purchased from local markets in Aqaba. According
to the method recommended by Ab Razak, et al. and
EPA Method 200.7, water samples were filtered WKURXJKȝPILOWHUDWWKHWLPHRIFROOHFWLRQ
and then acidified with HNO3 (5%) to pH< 2, in order to preserve metals and to avoid precipitation [23,
24]. Major anions F-, Cl-, and SO4-2 were determined
by using Ion Chromatograph (Model; Prominence
LC-20A Series) from Shimadzu Corporation. The
filtered samples were stored on ice for transfer to the
laboratory until ICP-OES analysis could begin. The
levels of Al, Ca, Cr, Cu, Fe, K, Mg, Na, Ni, P, S, Si,
Ti and Zn were measured using the iCAP 6300 Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES; radial view) from Thermo Scientific. The emission lines that exhibited low interference and high analytical signal and background
ratios were selected for the analysis by ICP-OES.
These emission lines were Al (308.2), Ca (422.6), Cr
(284.3), Cu (324.7), Fe (240.4), K (766.4), Mg
(279.5), Na (589.5), Ni (231.6), P (185.9), S (180.7),
Si (212.4), Ti (323.4), and Zn (206.2) nm. Each sample was analyzed with three replicates from which

Determination of elements concentrations in
drinking water. Tap Water. The mean concentrations of Al, Ca, Cr, Fe, K, Mg, Na, Ni, S, and Si in
drinking tap water from Aqaba are summarized in
Table 1. They were analyzed by ICP-OES, and results showed that the mean concentration value of
Al, Ca, Fe, K, Mg, Na, S, and Si were 0.19, 43.89,
0.13, 1.38, 6.88, 18.25, 9.76, and 2.91 mg/L, respectively. Additionally, the mean concentration value of
Cr and Ni were below the quantification limit (< 0.1
mg/L). The Jordanian standard limits for Cr and Ni
are 0.05 and 0.07 mg/L, respectively [25]. Therefore,
further analysis was required for these harmful elements, which was conducted by ICP-MS. Comparatively; the concentrations of these two elements in
tap water were still much lower than Jordanian
standard limits. Both Cr and Ni can induce cardiovascular sicknesses, kidney-related disorders, neurocognitive effects and various forms of cancer in
humans. These elements are known as potentially
toxic elements (PTEs) [26]. The concentrations of
Cu, P, Ti, and Zn were below the quantification limit
(< 0.1 mg/L) in all investigated tap water samples. In
fact, low concentrations of Na may cause deficiency
problems in human that include fatigue, depression,
low blood pressure and dehydration, while high concentrations of Na can cause many symptoms such as
headaches, hypertension, stroke, nausea, kidney, and
stomach problems [27]. In addition, K is one of the
essential elements for normal body functions of human. Low concentrations of K can cause deficiency
such as hypertension, kidney diseases, asthma, heart
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SRVHVQRKHDOWKKD]DUGEXWVRGLXPWKDWUHPDLQVLQ
VRIWHQHGZDWHUPD\FDXVHDSUREOHPIRUWKRVHRQVR
GLXPUHVWULFWHGGLHWV2WKHUSHRSOHVLPSO\PD\ZLVK
WRDYRLGWKHVOLJKWO\VDOW\WDVWHRIWUHDWHG ZDWHU,Q
HLWKHUFDVHDVHSDUDWHZDWHUGLVSHQVHUWKDWE\SDVVHV
WKHVRIWHQHUFRXOGEHLQVWDOOHG,QWKLVZRUNLRQH[
FKDQJH SURFHVV QRUPDOO\ FRQVLVW RI WZR UHVLQ EHGV
FRQWDLQHGLQSUHVVXUHVKHOOVZLWKDSSURSULDWHSXPSV
SLSHZRUN DQG DQFLOODU\ HTXLSPHQW IRU UHJHQHUDWLRQ
>@ ,Q WKLV VWXG\ ZDWHU VDPSOHV ZHUH SDVVHG
WKURXJK WKH ILUVW EHG DQG DQDO\]HG 7KH UHVXOWV
VKRZHG WKDW WKLV V\VWHP LQFUHDVHV WKH OHYHOV RI 1D
DQG PLQLPL]HV WKH OHYHOV RI &D DQG 0J LRQ H[
FKDQJH  7KH VHFRQG VWHS FRPSOHWHV WKH F\FOH WR
PDNH WKHOHYHOVRI1D LQWKH IXOO\SURFHVVHG ZDWHU
QHDUO\HTXDOLWVFRQFHQWUDWLRQEHIRUHWUHDWPHQW

)LOWHUHG:DWHU ,Q IDFW IHZ SHRSOH LQ$TDED
XVH ZDWHU WUHDWPHQW XQLWV LQ WKHLU KRXVHV HYHQ
WKRXJKLWLVQHFHVVDU\WRXVHVXFKGHYLFHVLQRUGHUWR
PLQLPL]H RU UHPRYH SROOXWDQWV KHDY\ PHWDOV DQG
WR[LFV 5HPRYDO RI PHWDOV DQG SROOXWDQWV LV DQ LP
SRUWDQW VWHS WRZDUG VDIHU GULQNLQJ ZDWHU 0DQ\
PHWKRGV FRXOG EH XVHG IRU WKLV SXUSRVH VXFK DV
FKHPLFDO SUHFLSLWDWLRQSK\VLFDOVHSDUDWLRQLRQH[
FKDQJHPHPEUDQHILOWUDWLRQPHPEUDQHGLVWLOODWLRQ
DQGK\EULGPHWKRGV6RPHRIWKHVHPHWKRGVVXFKDV
LRQH[FKDQJHDQGPHPEUDQHILOWUDWLRQDUHH[SHQVLYH
DQGOLNHO\WREH LPSUDFWLFDOIRUDSSOLFDWLRQLQORZ
DQGPHGLXPLQFRPHFRXQWULHV>@7KHFRQFHQWUD
WLRQVRI$O&D&U)H.0J1D1L6DQG6L 7D
EOH ZHUHDOOORZHUHGLQZDWHUVDPSOHVDIWHUXVLQJ
PHPEUDQH ILOWUDWLRQ 52  2Q WKH RWKHU KDQG WKH
OHYHOVRI&U)H.0J1L6DQG6LZHUHDOOPLQL
PL]HGLQWKHRXWSXWZDWHUIURPZDWHUVRIWHQLQJV\V
WHP 7DEOH   &DOFLXP DQG$OXPLQLXP FRQFHQWUD
WLRQVZHUHLQFUHDVHGE\XVLQJDZDWHUVRIWHQLQJV\V
WHP ZKLOH 1D FRQFHQWUDWLRQV ZHUH DSSUR[LPDWHO\
WKHVDPH7LWDQLXPLVSUHVHQWDVDFDXWLRQLQDFLGLF
VROXWLRQVDQGFDQWKHUHIRUHEHUHPRYHGE\ZDWHUVRI
WHQLQJV\VWHP>@,WKDVEHHQ QRWHGWKDWWKHKLJK
VROXELOLW\RISRWDVVLXPFKORULGHDQGLWVXVHLQWUHDW
PHQWGHYLFHVVXFKDVZDWHUVRIWHQHUVFDQOHDGWRVLJ
QLILFDQWO\LQFUHDVHGH[SRVXUH0RVWZDWHUVRIWHQHUV
RQ WKH PDUNHW DUH LRQ H[FKDQJH V\VWHPV$ W\SLFDO
ZDWHUVRIWHQLQJV\VWHPUHPRYHVKDUGQHVVLRQV FDO
FLXPDQGPDJQHVLXP IURPKDUGZDWHUDQGUHSODFHV
WKHPZLWKVDOW 1DRU. LRQV>@+DUGZDWHU

%RWWOHG:DWHU1RZDGD\VHYHQZLWKFOHDQZD
WHUDYDLODEOHWRHYHU\KRPHPRVWSHRSOHLQGHYHORS
LQJFRXQWULHVSUHIHUWRFRQVXPHERWWOHGGULQNLQJZD
WHU HLWKHU ORFDOO\ ERWWOHG RU LPSRUWHG 7KLV SUHIHU
HQFHIRUERWWOHGZDWHULVGXHWRWKHFRQGLWLRQVRIWDS
ZDWHUVXSSOLHGWRKRPHVZLWKDQXQDFFHSWDEOHWDVWH
DQG DQ XQSOHDVDQW DSSHDUDQFH LQ FHUWDLQ GLVWULFWV
ZKLFKFRXOGEHGXHWRWKHWDVWHRIFKORULQDWHGWDSZD
WHU RU WKH FRQWDPLQDWLRQ RI WDS ZDWHU IURP OHDNLQJ
SLSHVDQGRWKHUIRUPVRIFRUURVLRQ7KHUHIRUHFRQ
FHQWUDWLRQVRI&D.0J1D6DQG6LZHUHGHWHU
PLQHGLQWHQEUDQGVRIERWWOHGZDWHU 7DEOH 7KH
UDQJHVIRUWKHVHPHWDOV ZHUH  
DQG
PJ/UHVSHFWLYHO\%HVLGHVWKHUDQJHVRI
&UDQG1LZHUHDQGȝJ/
UHVSHFWLYHO\7KHFRQFHQWUDWLRQVRI$O&X)H37L
DQG=QZHUHPJ/LQDOOERWWOHGZDWHUVDPSOHV
H[FHSW9/ZDWHUZKLFKKDGH[DFWO\PJ/RI3
7KHOHYHOVRI$O&X)HDQG=QZHUHEHORZWKHPD[
LPXP DOORZDEOH OLPLWV WKDW ZHUH UHFRPPHQGHG E\
-RUGDQLDQVWDQGDUGVIRUERWWOHGGULQNLQJZDWHU 7DEOH
 RIDQGPJ/UHVSHFWLYHO\>@
1RVWDQGDUGOLPLWVZHUHIRXQGIRUOHYHOVRI3DQG7L
LQERWWOHGGULQNLQJZDWHU7KHUHVXOWVRIERWWOHGZDWHU
WHVWHGGHPRQVWUDWHWKDWWKH\DUHVDIHIRUFRQVXPHUV
EHFDXVHRIWKHSHUPLVVLEOHOHYHOVRIPHWDOVWKDWZHUH
IRXQGLQDOOLQYHVWLJDWHGVDPSOHVHLWKHUORFDOO\ERW
WOHGRULPSRUWHG7KHPHDVXUHGFRQFHQWUDWLRQVRIHO
HPHQWVLQERWWOHGZDWHUVZHUHJHQHUDOO\FRPSDUDEOH

problems and muscle and bladder weakness,
whereas, high concentration may cause rapid heartbeat, reduced renal function, ovarian cysts and cystitis [27]. On the other hand, deficiency of Ca and Mg
in drinking water may cause cardiovascular diseases
in humans [27]. The concentrations of Cr, Cu, Fe,
Na, Ni, and Zn in tap water were much lower than
Jordanian standard limits (Table 4), whereas, Al concentrations were higher than the recommended level
in drinking water (0.1 mg/L) [25]. Aluminium concentration was approximately more than double the
safe limit of Al in drinking water, which poses a
threat to human health. No maximum allowable limits were found for Ca, K, Mg, P, S, Si, and Ti in the
Jordanian standards for drinking water [25].

TABLE 1
Concentrations of elements in drinking tap water from Aqaba (mg/L)

Max.
Min.
Mean
SD
a

Al

Ca

Cr a

Fe

K

Mg

Na

Ni a

S

Si

0.33
< 0.1
0.19
0.02

49.50
39.14
43.89
4.39

5.12
4.61
4.87
0.35

0.27
< 0.1
0.13
0.01

1.66
1.22
1.38
0.14

7.63
6.44
6.88
0.69

24.56
14.00
18.25
1.83

1.33
0.48
0.91
0.06

11.95
8.41
9.76
0.98

3.12
2.74
2.91
0.29

&RQFHQWUDWLRQVRIHOHPHQWVLQȝJ/ZKLFKZHUHPHDVXUHGE\,&3-MS
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FRQFHQWUDWLRQ RI . ZDV PHDVXUHG WR EH  PJ/
ZKLOHLWZDVUHFRUGHGDVPJ/RQ$:ODEHO)XU
WKHUPRUHWKHPHDVXUHGFRQFHQWUDWLRQVRI&D.DQG
0JLQ<0ZDWHUZHUHDQGPJ/UH
VSHFWLYHO\ZKLFKZHUHPXFKORZHUWKDQWKHUHFRUGHG
FRQFHQWUDWLRQVRQODEHOVRIDQGPJ/UH
VSHFWLYHO\7KHUHFRUGHGFRQFHQWUDWLRQRI&DLQ9,
ZDWHUZKHQFRPSDUHGWRWKHDPRXQWVWDWHGRQWKHOD
EHOV ZDVDERXWWZLFHWKH PHDVXUHGTXDQWLW\ 
PJ/  ZKHUHDV WKH PHDVXUHG FRQFHQWUDWLRQV RI .
ZDV DSSUR[LPDWHO\ WKUHH WLPHV WKH UHFRUGHG YDOXH
PJ/ )LQDOO\ZDVUHFRUGHGRQODEHOVRI87
ZDWHUIRU1DFRQFHQWUDWLRQEXWLWZDVPHDVXUHGDV
PJ/6LQFHPJ/ WKHQPJ/
ZKLFKLVGLIIHUHQWIURP

ZLWKWKHYDOXHVUHJLVWHUHGRQWKHODEHOVRIHDFKEUDQG
ZLWKVRPHH[FHSWLRQV6RPHEUDQGVGLGQRWGLVSOD\
WKHFRQFHQWUDWLRQVRIHVVHQWLDOHOHPHQWVVXFKDV1D
)RULQVWDQFHWKHPHDVXUHGFRQFHQWUDWLRQRI1DZDV
PJ/LQ60ZDWHU,QDOOLQYHVWLJDWHGEUDQGV
RI ERWWOHG ZDWHU QR UHFRUGHG FRQFHQWUDWLRQV ZHUH
IRXQGRQODEHOVIRU&U&X)H1L6L7LDQG=QH[
FHSW$: ZDWHU IRU )H FRQFHQWUDWLRQ 2Q WKH RWKHU
KDQGWKH UHFRUGHGYDOXHVIRUWKHFRQFHQWUDWLRQVRI
HOHPHQWVGLGQ WPDWFKZLWKWKHPHDVXUHGYDOXHVIRU
VRPHZDWHUEUDQGV6RPHPHWDOVIRXQGRQODEHOVKDG
KLJKHUYDOXHVRI9/$:<0DQG9,ZDWHUVZKHQ
FRPSDUHGZLWKWKHPHDVXUHGYDOXHV7KHPHDVXUHG
FRQFHQWUDWLRQRI1D PJ/ ZDVDSSUR[LPDWHO\
KDOIWKH UHFRUGHGYDOXH RQODEHOVRI9/ ZDWHU7KH

TABLE 2
Concentrations of elements in filtered tap water treated by RO and IE in mg/L
Tap water treated by reverse osmosis (RO) membranes
Ca
Cr a
Fe
K
Mg
Na
Ni a
Max.
6.728
< 0.1
2.268
1.108
5.404
Min.
1.410
< 0.1
< 0.1
0.27
2.37
Mean
4.069
3.14
< 0.1
1.159
0.689
3.887
0.29
SD
0.407
0.22
< 0.1
0.116
0.069
0.389
0.02
Tap water treated by ion exchange softener (IE)
Al
Ca
Cr a
Fe
K
Mg
Na
Ni a
Mean
1.153
71.264
1.99
< 0.1
0.212
0.958
17.519
0.4
SD
0.115
7.126
0.14
< 0.1
0.021
0.096
1.752
0.03
a
&RQFHQWUDWLRQVRIHOHPHQWVLQȝJ/ZKLFKZHUHPHDVXUHGE\,&3-MS
Al
0.151
< 0.1
0.101
0.01

S
0.666
0.23
0.448
0.045

Si
0.35
< 0.1
0.2
0.02

S
0.675
0.067

Si
< 0.1
< 0.1

TABLE 3
Concentrations of elements in bottled drinking water in mg/L

MS
YM
NT
UT
VL
GD
AF
AW
SM
VI
Max.
Min.

Ca
10.76±1.08
1.04±0.10
21.58±2.16
< 0.1
11.35±1.14
55.34±5.53
0.28±0.03
0.19±0.02
63.81±6.38
28.23±2.82
63.81
< 0.1

Cr *
0.92±0.06
0.79±0.06
1.03±0.07
0.22±0.02
0.28±0.02
2.72±0.19
0.87±0.06
0.34±0.02
2.97±0.30
1.08±0.08
2.97
0.22

K
0.65±0.06
0.27±0.03
0.28±0.03
< 0.1
5.14±0.51
0.72±0.07
1.07±0.11
< 0.1
1.25±0.13
1.6±0.16
5.14
< 0.1

Mg
5.46±0.55
0.13±0.01
9.69±0.97
< 0.1
7.58±0.76
28.56±2.86
15.37±1.54
17.75±1.78
26.13±2.61
12.13±1.21
28.56
< 0.1

Na
12.30±1.23
60.46±6.05
8.50±0.85
1.52±0.15
6.72±0.67
19.17±1.92
11.75±1.17
0.78±0.08
26.88±2.69
11.5±1.15
60.46
0.78

Ni *
0.13±0.01
2.91±0.21
0.37±0.03
< 0.01
0.13±0.01
1.13±0.08
2.67±0.19
0.11±0.01
1.69±0.17
0.54±0.04
2.91
< 0.01

S
7.23±0.72
4.52±0.45
2.91±0.29
< 0.1
2.61±0.26
8.19±0.82
20.72±2.07
21.92±2.19
9.43±0.94
5.49±0.94
21.92
< 0.1

Si
< 0.1
1.18±0.12
< 0.1
< 0.1
7.69±0.77
2.72±0.27
< 0.1
< 0.1
5.81±0.55
3.39±0.55
7.69
< 0.1

: &RQFHQWUDWLRQVRIHOHPHQWVLQȝJ/ZKLFKZHUHPHDVXUHGE\,&3-MS

*

TABLE 4
Drinking water guidelines recommended by both Jordanian standards (JS) and technical regulations, and
WHO
Na
Mg
Fe
Zn
mg/L mg/L mg/L mg/L
JS for BW [32]
6.5-8.5
100
30
0.3
3
JS for DW [25]
6.5-8.5
200
NM
1
4
WHO [31]
6.5-8.5
200
NM
0.3
3
BW: Bottled water, DW: Drinking water, NM: Not mentioned
pH

Cu
mg/L
1
2
2

7202

Cr
mg/L
0.05
0.05
0.05

Ni
mg/L
0.02
0.07
0.07

Al
mg/L
0.1
0.1
0.1

Fmg/L
1.5
1.5
1.5

Clmg/L
NM
500
250

SO4-2
mg/L
100
500
250
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TABLE 5
Physicochemical parameters for all drinking water samples
parameter
Alk (meq/L)
EC (μS)
pH

Tap
water
TW
1.96
344
7.28

Filtered tap water
RO
0.29
126.7
6.6

IE
0.26
83
6.5

Bottled drinking water
VL
1.31
230
7

UT
0.16
19.9
6.56

AW
0.37
169
6.31

SM
4.5
569
7.6

NT
2.38
300
7.11

GD
4.75
541
7.74

AF
0.29
211
6.37

MS
0.23
173.4
6.64

VI
2.15
261
7.45

Dissolved anions such as chloride, fluoride, and sulfate were determined by Ion Chromatograph (IC) in
all drinking water samples. Chlorides are commonly
available in natural waters as salts of Na, K and Ca
[33]. The toxicity due to chloride was not observed
in humans except in a special case of impaired NaCl
metabolism, such as, in congestive heart failure [26].
High concentrations of chloride increase rates of corrosion of metals in the distribution system, depending on the alkalinity of the water. This may lead to
excess concentrations of metals in the supply [31].
Drinking water is exposed to many different pipe
materials in distribution system. Water can reside in
the pipes for several days during which corrosion
and leaching of compounds from the pipes can affect
water quality. Old drinking water pipes suffer from
corrosions, blockages, biofilm formation, and they
have been shown to leach metals such as iron, zinc,
copper, and lead to the drinking water [34]. No
health based guideline value is proposed for chloride
in drinking water. However, A detectable taste in
water can occur if the chloride present is more than
about 250 ppm [28, 31]. Also, Na may affect the taste
of drinking water at levels above 200 mg/L [26].
On the other hand, fluoride may be an essential
element for humans even though it has not been
demonstrated unequivocally [31]. However, fluoride
prevents dental cavities but high concentrations of
fluoride in drinking water can lead to dental fluorosis, bone disease, disruption of calcium and phosphorus metabolism in both children and adults, and
even hinder growth and development of children
[35]. Moreover, several epidemiological studies are
available on the possible association between fluoride in drinking water and cancer. Therefore, the
World Health Organization (WHO) has recommended that the guideline concentration of fluoride
in drinking water for human consumption to be
lower than 1.5 mg/L [31].
The presence of sulfate in drinking water can
cause noticeable taste and may contribute to the corrosion of distribution systems. Elevated amounts
might cause a laxative effect in unaccustomed consumers. However, the highest levels usually occur in
groundwater and are from natural sources. The existing data do not identify a level of sulfate in drinking
water that is likely to cause adverse human health effects. Therefore, no health-based guideline value has
been derived for sulfate. However, because of the
gastrointestinal effects resulting from ingestion of

Physicochemical parameters for drinking
water. Physicochemical parameters (alkalinity,
electrical conductivity, total suspended solids and
pH) of water are important in the sense that these parameters can provide important firsthand information about the suitability of water for drinking
purposes apart from being helpful in studying and
modeling of speciation of radionuclides and anthropogenic elements in aquatic environment [33]. AlkaOLQLW\LVDFKHPLFDOPHDVXUHPHQWRIZDWHU¶VDELOLW\WR
neutralize acids or its ability to react with strong acids at a designated pH. It is taken primarily as an indication of the concentration of carbonate, bicarbonate, and hydroxide contents. Also, the contributions from borates, phosphates, silicates, or other bases also considered if these are present [26]. Mean
value of alkalinity in tap water, filtered tap water by
RO membrane, filtered tap water by ion exchange
softener were 1.96, 0.29, and 0.26 meq/L, respectively. While, it ranged between 0.16 and 4.75 meq/L
in bottled water. Electrical conductivity (EC) gives
an idea about the concentration of electrolytes in water. Electrical conductivity, which is a measure of
ZDWHU¶VDELOLW\WRFRQGXFWDQHOHFWULFFXUUHQWLVUH
lated to the amount of dissolved minerals in water.
Unfortunately, it does not tell us about what specific
ions are present in water [26]. Higher value of EC is
a good indication about the presence of contaminants
such as sodium, potassium, chloride or sulfate in water. Alternatively, hardness is defined as the measure
of concentration of dissolved calcium and magnesium ions in water. Mean value of EC in tap water,
filtered tap water by RO membrane, filtered tap water by ion exchange softener were 344, 126.7, and 83
μS, respectively. While, EC ranged between 19.9
and 569 μS in bottled water. Total suspended solids
(TSS) were measured, and it was zero in all investigated drinking water samples. In addition, pH is a
measure of acid-base equilibrium that is achieved by
water dissolved compounds as well as extent of flocculation and coagulation process of chemicals [26].
The Jordanian drinking water standards set a maximum contaminant level (MCL) value for pH, which
was ranged between 6.5 and 8.5 [25, 32]. The average value of pH for tap water, filtered tap water by
RO membrane, filtered tap water by ion exchange
softener were 7.28, 6.6, and 6.5, respectively. Besides, pH values in bottled water samples were in
range of 6.31 - 7.74 (Table 5).
Concentrations of anions in drinking water.
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drinking-water containing high sulfate levels, it is
recommended that health authorities be notified of
sources of drinking water that contain sulfate concentrations more than 500 mg/L [31]. The concentrations of chloride in tap water, filtered tap water by
RO membrane, and filtered tap water by IE softener
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were 26.90, 4.41, and 35.58 mg/L, respectively.
Also, the concentrations of sulfate in tap water, filtered tap water by RO membrane, filtered tap water
by IE softener were 41.60, 2.14, and < 0.5 mg/L, respectively. Fluoride concentrations were < 0.5 mg/L
for all water sources (Table 6).

TABLE 6
The concentrations of major anions in drinking water samples in mg/L
Drinking water type
TW
FTW (RO)
FTW (IE)

Chloride
26.90±3.67
4.41±0.54
35.58±4.24

Sulfate
41.60±5.83
2.14±0.29
< 0.5

Fluoride
< 0.5
< 0.5
< 0.5

TABLE 7
The mean concentration of major anions in bottled drinking water in mg/L
Sample name

Chloride
MV
18.60±2.05
MS
LV
25
MV
24.19±2.66
YM
LV
NA
MV
15.24±1.68
NT
LV
24.60
MV
<0.5
UT
LV
0
MV
11.18±1.23
VL
LV
13.50
MV
33.54±3.69
GD
LV
NA
MV
21.02±2.31
AF
LV
NA
MV
0.48±0.05
AW
LV
0.50
MV
15.80±1.74
SM
LV
NA
MV
9.91±1.09
VI
LV
10.00
MV: Measured value, LV: Labelled value, NA: Not recorded

Sulfate
37.87±5.12
13
19.21±3.48
1.50
8.87±0.98
9.9
<0.5
0
8.02±0.88
8.1
18.67±2.05
23.00
53.4±5.87
51
50.10±5.51
63.20
17.7±1.95
NA
13.20±1.45
14.00

Fluoride
<0.5
0.20
<0.5
3.00
<0.5
0.08
<0.5
0%
<0.5
NA
<0.5
NA
<0.5
NA
<0.5
<0.01
<0.5
NA
<0.5
0.10

TABLE 8
Nonparametric comparison test (P-values; Mann-Whitney test) for several elements between different
sources of drinking water (significant differences when P<0.05).
Element
Al*
Ca*
Cr**
Cu*
Fe*
K*
Mg*
Na*
Ni**
P*
S*
Si*
Ti*
Zn*

BW vs. TW
0.0143
0.0662
0.0317
>0.9999
0.2207
0.0758
0.2703
0.1416
0.8137
0.7595
0.1416
0.2207
>0.9999
>0.9999

BW vs. FTW
(RO)
0.2827
0.6674
0.1138
>0.9999
>0.9999
>0.9999
0.1974
0.1974
0.6015
0.8299
0.0857
0.5912
>0.9999
>0.9999

TW vs. FTW
(RO)
0.1752
0.0528
0.2207
>0.9999
0.4386
>0.9999
0.0528
0.0528
0.2207
>0.9999
0.0528
0.0528
>0.9999
>0.9999

FTW (IE) vs.
BW
0.1138
0.1138
0.3428
>0.9999
>0.9999
0.3428
0.3428
0.5271
0.8618
0.8744
0.2059
0.4292
>0.9999
>0.9999

Concentrations of elements were measured by: * ICP-OES, ** ICP-MS.

7204

FTW (IE) vs.
FTW (RO)
0.2207
0.2207
0.3173
>0.9999
>0.9999
>0.9999
>0.9999
0.2207
0.3173
>0.9999
0.5403
0.5403
>0.9999
>0.9999

FTW (IE) vs.
TW
0.1432
0.1432
0.2207
>0.9999
0.5582
0.1432
0.1432
0.7697
0.2207
>0.9999
0.1432
0.1432
>0.9999
>0.9999
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TABLE 9
Nonparametric comparison test (P-values; Mann-Whitney test) for chloride, sulfate and fluoride between
different sources of drinking water (significant differences when P<0.05).
Ion
Chloride
Sulfate
Fluoride

BW vs.
TW
0.0425
0.1763
>0.999

BW vs. FTW
(RO)
0.1974
0.0678
>0.999

TW vs. FTW
(RO)
0.0833
0.0833
>0.9999

FTW (IE) vs. BW
0.1138
0.1547
>0.9999

FTW (IE) vs. FTW
(RO)
0.2207
0.5403
>0.9999

FTW (IE) vs. TW
0.1797
0.1798
>0.9999

TABLE 10
Comparison between the present study and other studies for concentrations of elements (mg/L) in
drinking water from different sources
Country
/City

Al

Ca

Cr

Cu

Fe

K

Mg

Na

Ni

Ti

Zn

Ref.
no.

Tap water
Bangladesh
Italy
Jordan/
Amman
Jordan/
Zarqa
Jordan/
Jarash
Jordan/
Karak
Malaysia
Kilembe,
Western
Uganda
Jordan/ Irbid
Jordan/
Aqaba

0.83
16.6*

13.3
62.3

2.65*
0.47*

9.40*
10.8*

1115
8.5*

1367*
2.6

7195*
14.1

15.1
24.3

ND
0.69*

NM
0.14*

21.5*
89.7*

26
36

NM

71.7

NM

12.53*

141.95*

1.54

12.77

27.31

1.1175

NM

638.35*

37

NM

60.87

NM

3.95*

25.75*

6.65

29.17

93.1

659.2*

NM

378.4*

37

NM

91.87

NM

5.94*

20.93*

2.28

26.72

40.02

0.48

NM

255.35*

37

NM

84.41

NM

13.23*

123.9*

11.33

35.17

81.65

0.445

NM

283.16*

37

NM

0.5423.1

ND0.001*

0.01 0.26*

0.02 0.33*

0.96.61

0.074.11

1.2215.03

0.262.63*

NM

0.0020.36*

38

24.8*

NM

0.27*

3.1*

62.8*

NM

NM

NM

0.48*

NM

30*

39

NM

NM

26.1*

1005.3*

739.6*

NM

NM

NM

5.4*

NM

61.3*

40

18.25

0.91*

ޒ0.1

ޒ0.1

This
study

0.80

3.88

0.24

NM

236.28*

37

0.75

0.87

9.89

61.7*

NM

11.97*

37

16.73*

0.66

0.40

10.02

ND

NM

9.2*

37

5.83*

66.58*

0.17

0.59

6.67

274.4*

NM

178.01*

37

ND

7.76*

ND

375*

1775*

10.4

ND

NM

ND

26

41.05

NM

0.9*

20.09*

2.94

16.99

29.78

820.5*

NM

44.54*

37

NM

44.15

NM

3.37*

95.6*

2.21

13.57

19.43

0.25

NM

12.9*

37

NM

0.021.67

0.192.56*

0.2-7.3*

17.243.3*

0.0013.43

0.00312.29

0.0110.68

0.132.09*

NM

0.32.7*

38

0.19

43.89

4.87*

ޒ0.1

0.13

NM

2.78

NM

14.89*

216.7*

1.00

NM

1.06

NM

1.05*

13.77*

NM

0.07

NM

1.75*

NM

ND

NM

Bangladesh
Jordan
/local DW
Jordan /imported DW

0.68

1.74

NM

Malaysia

1.38

6.88

Filtered water
Jordan/
Amman
Jordan/
Zarqa
Jordan/
Jarash
Jordan/
Karak

Bottled water

NM: Not measured, ND: Not detected,*: concentrations recorded in μg/L.

different from results given by other units such as
mg/L (1% = 10000 mg/L). On the contrary, the concentrations of chloride and sulfate were recorded by
ppm. It seems that manufacturers want to write the
concentrations of elements and ions as zero no matter the actual amount included. It should also be
noted that no values were found for chloride, sulfate,
and fluoride on the label of SM water. In addition,
the measured concentrations of sulfate was lower

The concentrations of chloride and sulfate in
bottled drinking water were < 0.5 - 33.54, and < 0.5
- 53.4 mg/L, respectively. Besides, fluoride ions
were < 0.5 mg/L for all investigated brands of bottled
water (Table 7). In fact, the concentrations of ions
measured in this work were comparable with the values registered on the labels for each brand, but the
concentrations of fluoride ions in UT water were registered on the label to be 0%, which is actually
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Statistical Analysis. Statistical comparison
testing was performed to examine the significant differences of elements and dissolved anions between
different sources of drinking water. The nonparametric test (Mann-Whitney) was employed for a comparison test (P<0.5: significant difference). The test
revealed that there were no significant differences
for most of the elements measured in this study except the test between bottled and tap water (Al and
Cr). The concentrations of the measured elements
between bottled and filtered (RO); filtered by ion exchange-softener and other types of water sources
were revealed a clear approximate (Table 8).
The comparisons tests of the dissolved anions
(chloride, sulfate and fluoride) manifested no significant differences between different sources of drinking water (Table 9) except for chloride, where tap
water contained higher values compared to bottled
waters.
The concentrations of Al, Ca, Cr, Cu, Fe, K,
Mg, Na, Ni, Ti and Zn found in drinking water from
this study were compared with the results of other
local or international studies. The concentrations of
drinking water from Amman, Zarqa, Jarash, and
Karak were compared with the concentrations found
in Aqaba. The results of different sources of drinking
water (TW, FTW, and BW) from this study and other
studies are listed as shown in Table 10.
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processes in the biocenosis that high sequential
variations on scales ranging from hours to seasons
and often result in more eutrophic conditions. Zooplankton is a particular indicator of the environmental status of investigated marine ecosystems. In this
study we present the analysis of the Copepoda
community in the four seasons during 2004-2005.
The main objectives to determine the variability of
Copepoda in the coastal waters in front on estuary
of Bojana River in relation to physical parameters
of the marine environment. 5LYHU¶V estuaries are
known as highly productive areas, where increased
nutrient loading leads to increased phytoplankton
production, which in turn supports high zooplankton abundance [1, 2]. The transport of the estuarine
waters to the outer estuary is highly variable and
subjected to many influences (tidal mixing, topography, season, local winds, runoff, etc.) that can
significantly increase or reduce their contribution to
the productivity in the area. The resulting hydrological characteristics can greatly influence the population structure and seasonal variability of the zooplankton assemblage [3].
Data are compared with literature data of
Bojana River estuary [4, 5] and obtained in other
Mediterranean and Adriatic coastal areas and rivers
estuaries [3, 6 -19].

ABSTRACT
Copepoda abundance, biomass and taxonomic
composition were studied seasonally (April 2004 ±
February 2005) in southeast Adriatic area influenced both by the Bojana River and open waters.
Total Copepoda abundance showed high variability
and lack of clear seasonal pattern. Copepods fauna
dominated by Paracalanus parvus, Clausocalanus
arcuicornis, Clausocalanus furcatus, Ctenocalanus
vanus, Centropages kröyeri, Temora stylifera,
Acartia clausi, Oithona plumifera and Euterpina
acutifrons in the spring and summer communities.
Forty species were identified: 28 in spring, 21 in
summer, 11 in autumn and 8 in winter. The community was predominantly neritic but the open sea
waters were important in structuring the copepods
communities during the spring-summer period.
Temperature and salinity influenced the seasonal
dynamics of some species. The relationship between the Copepoda species abundance and environmental parameters varied within the group. In
conclusion, clear seasonal variation and slight differences were observed in terms of the examined
properties of the Copepoda taxa. Abiotic environmental variables were considered to particularly
affect this variability.

METHODS

KEYWORDS:
Copepoda, estuary, river Bojana, Adriatic

Sampling and laboratory procedures.
Plankton samples were collected in seasonal series
during cruises in 2004/05: 15 April, 22 July, 24
October, and 17 February. Zooplankton was collected using plankton nets of Nansen type with a
diameter of 0.57 cm and a length of 250 cm for
vertical hauls. The net mesh size was 200μm. The
trawling speed for vertical catches was 0.5 m/s. We
analyzed a total of 4 samples for each season. Samples were preserved in 2.5% formaldehyde. Qualitative analysis of zooplankton was conducted by partial counting of quieter (1/25) of each catch. Taxonomic identification and counting of individuals
were performed with Zeiss stereomicroscope at 25×
and 40× magnifications. Abundance of all Copepoda was presented as the number of specimens per

INTRODUCTION
The general coastal zones include estuary of
%RMDQDƍV ULYHU DUH highly variable systems that are
affected by various pollutants from the land, particularly by humans: anthropogenic inputs from rivers,
runoff and sewage waters, as well as intense oscillations in the flow of water masses reflecting the
composition and abundancy of plankton. Fluctuations in species and zooplankton groups during the
year represent the integrated response of the ecosystem to these changes. The blend of these data in a
given space and space provides an opportunity for a
better understanding of the complexity of dynamic
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square meter (ind.m-2). Taxonomic identification
was determined following [16] and [18]. At the
time of zooplankton sample collection, the basic
hydrographic factors, temperature (T°C) and salinity (PSU), were also measured using a CDT multiline P4 (SEA Bird Electronics Inc., Bellevue, WA,
USA). Water samples were taken with 5-L Nansen
bottles at 0, 5, 10, 20, 30, 100, 150, and 200 m
depths. Dissolved oxygen was determined by the
Winkler method, and oxygen saturation (OࡵO2ƍ) was
calculated from solubility of oxygen in seawater as
a function of temperature and salinity [20]. Water
samples were collected using Niskin bottles, and
these samples were used for chlorophyll a (Chl a)
analysis [21]. The relationship between group, species, and environmental parameters was tested usLQJ WKH 6SHDUPDQƍV UDQN FRUUHODWLRQ FRHIILFLHQW
Unlike the Pearson's coefficient of correlation,
which assumes linear relationships, Spearman's
rank correlation coefficient is applied for both linear and nonlinear relationships and can be used for
smaller samples (n<35).
Spearman's coefficient with ȡs ranks at the
population level was determined based on its value
calculated for the samplers,

Fresenius Environmental Bulletin

mean first parameter; ݕำ ± arithmetic mean another
parameter.
The species of a particular group was determined according to their contribution to the total
number of specimens (relative abundance>10%).
Statistical analyses were performed using the SPSS
software package (IBM Corp., Armonk, NY, USA).
Study areas. The study area is a shallow area
located in the southeastern Adriatic Sea in front of
estuary of river Bojana (Fig.1). The sampling station ƍ´1ƍ´(), tree nautical
miles off shore and 20m sea depth, was sampled
seasonally from April 2004 to February 2005. It is
characterized by significant eutrophic freshwater
inputs particularly from the Bojana river [22]. The
Bojana river has the largest single discharge (about
700 m3·sí1) and the combined discharge of all Albanian rivers is about 1250 m3·sí1[23]. [22] shows
that during spring the southeastern Adriatic coastal
circulation is characterized by a northward current
(SESC²South Eastern Shelf Coastal current). This
current is at the seaward edge of the Bojana area
and it is parallel but distinct from the SEAD current
which hugs the shelf slope and to which it reconnects after the Bay of Boka Kotorska, when the
extended shelf of the southeastern Adriatic ends.

ݎɇ;ݔоݔำݕоݕำяɇ;ݔоݔำݕоݕำ
where is x± values from first parameter; y ±
values from another parameter.;  ݔำ ± arithmetic

FIGURE 1
Sampling station in the study area - showing estuary of Buna/Bojana River (southeastern Adriatic Sea)
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tion was observed in November, December and
January. The 4-10m layer was stable with temperatures between 12.50 and 21.78°C (Fig.2).
Salinity ranged between 5.12 psu at the surface in April and 38.82 psu in the upper lay 10m in
July. The lowest salinity was observed in spring
2004, while the highest salinity was in summer
2004 (Tab.1). Salinity values also showed fluctuations during the year (Fig.3).

RESULTS
Environmental parameters. During the entire investigated period sea surface temperature in
the investigated area varied between 11.80°C in
December and 25.10°C in July. The highest and
lowest temperature values were observed in summer 2004 and winter 2004/05 (Tab.1). The 0-10m
layer was thermally stratified, but inverse stratifica-

TABLE 1
Temperature, salinity, oxygen and pH at research station (S1) in front of estuary of river Bojana
Seasons

Parameter

Spring

Temperature
Salinity
Oxygen
pH
Temperature
Salinity
Oxygen
pH
Temperature
Salinity
Oxygen
pH
Temperature
Salinity
Oxygen
pH

Summer

Autumn

Winter

Min
surf/bott
11.85/12.50
5.12/37.61
6.00/5.49
8.11/8.03
21.05/20.20
23.37/35.82
5.21/5.47
8.14/7.66
12.40/16.00
21.18/37.61
5.11/5.08
8.14/8.18
11.80/14.10
15.68/37.43
6.15/5.34
8.18

Max
surf/bott
21.10/17.50
32.29/38.22
6.93/5.81
8.13/8.12
25.10/20.40
35.01/38.22
5.72/5.96
8.16/8.10
21.60/21.62
35.10/37.81
6.90/5.34
8.21/8.20
12.70/14.70
23.57/37.81
6.83/5.74
8.3/8.28

Mean
15.63
33.24
5.75
8.11
21.46
35.68
5.45
8.10
17.67
35.37
5.41
8.18
13.80
34.43
5.78
8.21

FIGURE 2
Monthly average temperature (from March 2004 to February 2005) of research station (S1)

FIGURE 3
Monthly average salinity (from March 2004 to February 2005) of research station (S1)
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water from the Bojana River.
Surface chlorophyll a (Chl a) concentrations
ranged from 0.14 mg m-3 in July to 0.20 mg m-3 in
May and 0.25 mg m-3 in October. pH values were
recorded from 7.66 in July 2004 at 10 meters depth
to 8.3 in January at surface (Fig.5).
Transparency values oscillations were recorded in the area ranging from 2m in spring season to
6m in January, 2005 (Fig.6).

The water column was well-oxygenated and
no anoxic layers were found. Oxygen concertation
ranged from 4.85 to 6.93 ml l-1. The lowest values
ZHUHUHFRUGHGLQ6HSWHPEHUDWWRPHWHUV¶
depth (Tab.1). The highest oxygen saturations were
recorded in April 2004 at the surface (Fig.4) and
corresponded to high biological productivity and
were recorded at the surface in November and December corresponding to high influence of fresh



FIGURE 4
Monthly average oxygen (from March 2004 to February 2005) of research station (S1)

FIGURE 5
Monthly average pH (from March 2004 to February 2005) of research station (S1)

FIGURE 6
Monthly average transparency of Secchi disk (from March 2004 to February 2005) of research station (S1)
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sons. Annual mean percent in total Copepoda
community was 2.04% (Fig.7; Tab.2).
Temora stylifera recorded relatively abundance in spring 11400 ind.m-3, summer 26700
ind.m-3 and autumn 22900 ind.m-3, while not registered in winter. Annual mean in total Copepoda
community was 3.83% (Fig.7; Tab.2).
Acartia clausi showed relatively abundance in
spring 91400 ind.m-3, summer 716200 ind.m-3 and
autumn 11400 ind.m-3, while not registered in winter. Annual mean in total Copepoda community was
51.52% (Fig.7; Tab.2).
Oithona nana is as typical neritic species was
recorded with relatively abundance in spring
152400 ind.m-3 while not registered in other seasons. Annual mean in total Copepoda community
was 9.58% (Fig.7; Tab.2).
Oithona plumifera is epipelagic species and
was recorded with relatively abundance in spring
3800 ind.m-3, summer 15200 ind.m-3, autumn 3800
ind.m-3 and winter 3800 ind.m-3. Annual mean in
total Copepoda community was 1.67% (Fig.7;
Tab.2).
Euterpina acutifrons is neritic species and was
recorded with relatively abundance 53300 ind.m-3,
summer 7600 ind.m-3 and winter 3800 ind.m-3,
while not registered in autumn. Annual mean in
total Copepoda community was 4.07% (Fig.7;
Tab.2).

Zooplankton population structure, distribution and abundance. Copepoda. Paracalanus
parvus as neritic species of warm water was recorded in spring and summer while absent in autumn
and winter (Fig.7). It participated in total Copepoda
community with 60900 ind.m-3 during the spring
and with 72400 ind.m-3 during the summer. Annual
mean percent in total Copepoda community was
8.38% (Tab.2).
Clausocalanus arcuicornis was recorded in
spring, summer and autumn (Fig.7). Increased relative abundance was recorded in summer 3800
ind.m-3 and autumn 3800 ind.m-3. Annual mean
percent in total Copepoda community was 0.52
(Tab.2).
Clausocalanus furcatus is neritic species, relative abundance was more or less equable in spring
3800 ind.m-3, summer 3800 ind.m-3 and autumn
3800 ind.m-3, and absent during the winter. Annual
mean percent in total Copepoda community was
0.71 (Fig.7; Tab.2).
Ctenocalanus vanus was recorded with increased relatively abundance in summer 19000
ind.m-3. Only 4 Copepoda species were recorded in
the winter season with C. vanus participation of
7.69%. Annual mean percent in total Copepoda
community was 1.46% (Fig.7; Tab.2).
Centropages kröyeri showed increased relatively abundance in spring 22900 ind.m-3 and summer 9500 ind.m-3, and not registered in other sea-

FIGURE 7
Seasonal variations of dominant Copepoda abundance in the sampling period.
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TABLE 2
Abundance values (ind.m-3) and percent participation (%) Copepoda in the sampling area between spring
2004 and winter 2005.
Station
Species
Seasons
Calanus
helgolandicus
Paracalanus parvus
Calocalanus pavo
Calocalanus
longisetosus
Mecynocera clausi
Clausocalanus
mastigophorus
Clausocalanus
lividus
Clausocalanus
arcuicornis
Clausocalanus
pergens
Clausocalanus
furcatus
Ctenocalanus vanus
Aetideus armatus
Euaetideus
giesbrechti
Euchaeta hebes
Centropages typicus
Centropages kröyeri
Temora stylifera
Pleuromamma
gracilis
Lucicutia
flavicornis
Labidocera
wolastoni
Pontellina plumata
Acartia clausi
Acartia negligens
Oithona smilis
Oithona nana
Oithona plumifera
Oithona setigera
Microsetella
norvegica
Euterpina
acutifrons
Clytemnestra (Goniopsyllus) rostrata
Oncaea media
Oncaea
mediterranea
Oncaea(Monothula
) subtilis
Sapphirina
nigromaculata
Corycaeus clausi
Corycaeus
(Agetus)typicus
Corycaeus (Onchocoryaeus)latus
Ditrichocorycaeus
brehmi
Corycaeus (Urocorycaeus)furcifer
Corycaeus (Corycella)rostratus
Copepodites Ƃƃ
Total

S1
Spring

Ind. m-3
Summer
Autumn

Winter

100
60900

72400
100

Total

Spring

Summer

12.70

7.25

100

3800

133300
4000
3800

100

200
200

100

100

200

3800

8400

0.38

26700

2.67

26700
3800

3800

500
200
200

19000

3800
100
22900
11400
100

15200
9500
26700

3800

19000
152400
3800
700
7600
53300

3800
716200
7600

11400
3800

22900

200

400

100

100

4.77
2.37

3800

26600
152400
26600
14500
7600

3.95
31.76
0.79

64700

11.10

7600

3800

3800

19.04

3800
3800

22900
1300

300

3800
3800

7600
7600

0.79
0.79

22900

4.77

3800

0.79

15200

7214

0.38
71.77
0.76

36.64

18.24

0.09
51.52
0.76

6.08

7.69

1.67
9.58
1.67
0.91
0.47

7.69

4.07

0.76
1.52
1.38

2400200
3989700

0.76

0.20
7.69
7.79

0.47
0.47
1.44
0.08

6.08
7.69

0.23
0.25

0.38

0.23

2.67

2.39
0.24

1.52
74.24

1.46

0.23
0.02
2.04
3.83

24.32

0.48

2.37

41900
91300

1.52
0.95
2.67

3800
4100

38100

19000
81500

0.71
7.69

2.08

26700

956300
1954100

6.08

1300

3800

15200

1.67

0.32

3800

3800

0.38

0.52

1.58

3200

3800
3800

1383000
1862800

8.38
0.25
0.23

0.78

3800
819000
7600

3200

11400

7.69

6.08

1.90

11400

7600
15200
13800

0.79

23300
200
200
3800
30500
32400
61000
100

15200

200

91400

Total

0.79

200
100

3800

Winter

100

3800

800

%
Autumn

48.93

0.95
23.31
100%

45.89

60.16
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FIGURE 8
Seasonal variations of copepodites abundance and biomass in the sampling period.

FIGURE 9
Seasonal variations of total Copepoda abundance and biomass in the sampling period.

Oithona helgolandica (r= -1.000). Paracalanus
parvus and Oithona helgolandica exhibited negative correlations in regard to salinity and oxygen (r=
-1.000, P<0.05). Ditrichocorycaeus brehmi showed
negative correlation to oxygen and pH (r= -1.000;
P<0.05) and Temora stylifera showed negative correlation to pH (r= -0.998; P<0.05). Other copepods
did not show any clear relationship with environmental variables.

Copepodites were the most abundant in spring
with 1383000 ind.m-3, summer with 956300
ind.m-3, autumn with 19000 ind.m-3 and winter with
41900 ind.m-3. Copepodites showed high relatively
abundancy that is typical for the estuary ecosystems. Percentage participation per season was:
spring 74.24%, summer 48.93%, autumn 23.31 and
winter 45.89. Annual mean in total Copepoda
community was 60.16% (Fig.8; Tab.2).
One Copepoda abundance and biomass peak
was recorded in estuary of Bojana River during
summer (Fig.9). Copepoda abundance values were
higher during spring and summer, the lowest biomass and abundance were found during autumn.
Five species only were recorded in winter as individual specimen.

DISCUSSION
A total of 40 taxa Copepoda were found in the
study area during the sampling period. Seasonal
variations of abundant Copepoda species are present on figures: 7, 9 and 11. The study area was
characterized with the surface species that belong to
a) estuarine community: Oithona nana and Centropages kröyeri, and b) neritic species: Paracalanus
parvus, Centropages typicus, Acartia clausi and
Temora stylifera.
The research area is influenced by two main
Adriatic surface currents: The Eastern Adriatic Current (EAC) that flows north-westward, and the
Western Adriatic Current (WAC) that flows south ±
eastward. The area is directly linked to river plume
dynamics and the associated inorganic and organic
inputs determining the trophic state of the area.

Relationships between Copepoda and environmental variables. Total copepodites abundance
was positively correlated with temperature. With
regard to the particular species, temperature was
significantly correlated (P<0.05) with Paracalanus
parvus (r=1.000), Oithona setigera (r=1.000), Ditrichocorycaeus brehmi (r=1.000). Other significant
correlations with salinity were found for Paracalanus parvus (r=1.000), Oithona setigera
(r=1.000) and Corycaeus brehmi (r=1.000). Negative correlation in regard to temperature was observed with Centropages kröyeri (r= -1.000) and

7215

© by PSP

Volume 27 ± No. 11/2018 pages 7209-7221

Fresenius Environmental Bulletin

T°C

Å

0m

1.000**

-1.000**

-1.000**

2m

1.000**

-1.000**

-1.000**

4m

1.000**

-1.000**

-1.000**

6m

1.000**

-1.000**

-1.000**

8m

1.000**

-1.000**

-1.000**

0m

-1.000**

1.000**

1.000**

2m

1.000**

-1.000**

-1.000**

4m

1.000**

-1.000**

-1.000**

6m

1.000**

-1.000**

-1.000**

8m

1.000**

-1.000**

-1.000**

2m

-1.000**

1.000**

1.000**

4m

-1.000**

1.000**

1.000**

6m

-1.000**

1.000**

1.000**

8m

1.000**

O2

pH

1.000**

1.000**

-1.000**

-1.000**

0m

-1.000**

1.000**

1.000
**

2m

-1.000**

1.000**

.998*

1.000**

4m

-1.000**

1.000**

1.000
*

1.000**

6m

-1.000**

-1.000**

1.000**

1.000**

8m

-1.000**

-1.000*

1.000**

1.000**

1.000**

1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**
1.000
**

Copepodites

Oithona
setigera

Oithona
helgolandica

Temora
stylifera

Centropages
kröyeri

Centropages
typicus

Ctenocalanus
vanus

Clausocalanus
arcuicornis

Parameters

Paracalanus
parvus

Species

Ditrichocorycaeus
brehmi

TABLE 3
Spearman rank order correlations between main copepod species and abiotic environmental variables
(T°C ± WHPSHUDWXUHÅ± salinity; O2 ± oxygen; pH ±ion concentration)

1.000**
1.000**
1.000**
1.000**
1.000**
-1.000**
1.000**
1.000**
1.000**
1.000**
-1.000**

.977*

-1.000**

-1.000**

.994**

1.000**
-1.000**

-1.000**

-1.000**

-1.000**

-1.000**

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

size and relationships among copepods, cladocerans, ostracods and rotifers provide valuable information on the existing physical and chemical conditions [25, 26], presence of different pollutants [27,
28], trophic state [29, 20] and environmental stress
[30, 31].
The oscillations of the environmental parameters (temperature, salinity, oxygen, pH ...) are very
pronounced in the southeastern Adriatic coastal
waters, so two zooplankton abundance and biomass

This area has high variability of hydrographic
properties, belongs to Southeastern Adriatic Sea
was a meso ± eutrophic area, in spite the most eastern side of the Adriatic was an oligotrophic basin.
The research area is impacted by runoff from the
Bojana River that makes this bay a eutrophic area in
spite of the mostly eastern side of the Adriatic Sea
being an oligotrophic basin [24]. [19] noted that
zooplankton is frequently used as biotic indicators
of waters quality in freshwater where community
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nis, Clausocalanus furcatus, Temora stylifera and
Acartia clausi appear in smaller abundance in autumn. Species Oithona plumifera was recorded in
all seasons with maximum abundance in summer
(Fig.11). Species succession in the copepod community was also regulated by temperature and its
fluctuations resulted in the appearance of cryophilic
species Ctenocalanus vans or thermophilic species
Temora stylifera.
Centropages kröyeri was represented with
2.04% in the total copepod assemblage. [4] recorded this species for the first time in the estuary of
Bojana River and states that this species had large
number of specimens in spring and summer (April,
May, Jun; July) with a percentage share of up to
17%. It is assumed that the estuary of Bojana River
is the southernmost site of this species in the east
Adriatic [4, 5]. Centropages pontica is widely distributed in the Black and Azov Sea while in the
Mediterranean (Suec, Kerkenn, Tripoli) limited to
the narrow neritic area up to two nautical miles
from the shore [41] and states that this species was
recorded in Albanian sea in the estuary of Drim
River.
Acartia clausi was recorded with high abundance in the total Copepoda assemblage with
51.52%, while in summer it participated with
71.77%. Our results of the copepod seasonality are
corresponded with previously studies: Acartia clausi is a part of the typical summer association in the
Neretva Chanel [3], Gulf of Trieste [42, 35].DãWela Bay [16], Gulf of Naples [13] and Balearic Sea
[43].
7KH PD[LPXP RI &RSHSRG¶V DEXQGDQFH Rccurs at the end of spring and early summer, and the
autumn-winter minimum is caused by pulling
plankton towards the deeper sea. Many species die
in mixed fresh and cooled water under the influence
of an enhanced water supply from the Bojana River
(Fig.11).

peaks in each year appear that is not in correspondence with the data of other authors for Mediterranean coastal areas. It has been reported that 2 peaks
(spring and autumn) were observed in Neil Bay
[32] and Iskenderun Bay [17]. On the other area,
spring and summer peaks occurred in Bay of Boka
Kotorska [4], Naples Bay [13], Saranikos Bay [26],
in the southern coastal of Marseille [34] and Trieste
Bay [35], in the estuary of river Ombla [8]. Higher
trophic levels in the marine plankton usually receive less attention in environmental monitoring
[36, 37] although changes in the abundance, distribution and succession of zooplankton organisms are
indicative of changes in the environmental conditions [38-40].
During our research in the estuary of river
Bojana, the peak of species Paracalanus parvus,
Centropages kröyeri, Acartia clausi, Oithona nana
and Euterpina acutifrons was observed in spring.
However, the peak of species Oithona plumifera,
Ctenocalanus vanus, Temora stylifera and Clausocalanus arcuicornis was observed in summer
(Fig.7). Total Copepoda abundance peak was observed in summer (Fig.9). Small cyclopoid copepod
Oithona nana dominated in spring, presumably
feeding opportunistically an abundant organic matter accumulated at the surface layer research area.
Oithona nana is a typical warm water species and
was recorded in summer with 31.76% in total Copepoda, while absent in other seasons. As noted by
[3] in the Neretva Channel copepods were the most
abundant group, and their average annual abunGDQFHVUHSUHVHQWHGޓRIWRWDOPHVR]RRSODQNWRQ
and the most abundant adult calanoids: Paracalanus parvus, Ctenocalanus vanus, Centropages typicus, Acartia clausi and Temora stylifera.
Following species were recorded during the
spring and summer: Paracalanus parvus, Ctenocalanus vanus, Centropages kröyeri, Euterpina
acutifrons, while species: Clausocalanus arcuicor-

FIGURE 10
Annual mean values of total Copepoda and copepodites biomass and abundance.
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FIGURE 11
Seasonal variations percent values of dominant Copepoda in the sampling period.
[15, 17] and possibly, food size ± spectra may be
more important in determining the seasonality of
zooplankton species composition [7]. In our study
Paracalanus parvus, Centropages kröyeri, Oithona
helgolandica, Oithona setigera and Ditrichocoriceus brehmi showed significant positive correlations with temperature, oxygen, salinity and pH
whereas the abundance of some species: Clausocalanus arcuicornis, Ctenocalanus vanus, Centropages typicus and Temora stylifera was well correlated with pH and oxygen. Temperature is known to
affect the seasonal distribution of zooplankton in
some Mediterranean coastal waters [3, 17, 43].
Copepoda and zooplankton populations in the
estuary of Bojana River are under the influence of
usual factors: river runoff, temperature, salinity and
nutrient concentrations. The influence of open south
Adriatic seawater was evident in the estuary. Maximum abundancy and biomass was recorded in
summer, while during the autumn, the number of
the species and biomass decreased. Five species
were recorded in the winter with the individual
specimen. [4, 45] stated that these results contribute
to the next step of comparative analyses: identification of the dominant processes and time ± scales
that determine the patterns of plankton variability in
this estuary aiming protection and valorization of
the ecosystem.

The rapid development of Copepoda community occurs during spring and summer when ecological conditions in estuary of Bojana River are stable
and the flow of fresh water is reduced that are characteristic for the coastal waters of East Adriatic Sea.
Percentage participation of the copepodites in the
copepod assemblage reaches to over 60%. Salinity
and temperature are often the key factors in species
development control and distribution. Copepodites
were found to be dominant during spring (74.24%)
and summer (48.93%) seasons, while in autumn and
winter had high abundance (Fig.10). They were
dominant group in the total Copepoda assemblage
throughout the year. Mixed community was recorded in the estuary of Bojana River: Typical estuarine
± neritic communities and species from epipelagical
waters. This was caused by mixing with the species
from deep epipelagical waters, while zooplankton
assemblage in Ombla Estuary [8] and Krka Estuary
[23] was composed of marine estuarine ± neritic
species. Estuary of Po River is characterized with
typical estuarine ± neritic species: Paracalanus
parvus, Temora longicornis, Pseudocalanus elongatus and Acartia clausi. ([S Ä0RKRURYLþLü ³,
1974/76; [44]) indicating a widespread distribution
of neritic species Paracalanus parvus and Acartia
clausi from the north to the south close to the estuary of Bojana River along the East coast of Adriatic
Sea. Changes in biomass or production of autotrophic organisms seem to play little role in determining the seasonal succession of planktonic metazoans in Mediterranean coastal waters [9, 13, 17].
Other factors, such as salinity [9, 15], temperature
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[6] %RMDQLü 1 âROLü, 0 .UVWXORYLü, 1 âHVWaQRYLü, S., Marasovic, I., 1LQþHYLþ, ä (2005)
Temporal variability and biomass of ciliates
DQGFRSHSRGDLQWKHHWURSKLFDWHGSDUWRI.DãWela Bay (Middle Adriatic Sea). Helgoland Marine Research. 59,107-120.
[7] Calabet, A., Garrido, S., Saiz, E., Alcaraz, M.,
Duarte, C.M. (2001) Annual zooplankton succession in coastal NW Mediterranean waters:
the importance of the smaller size fraction.
Journal of Plankton Research. 23(3), 319-331.
[8] &DULü 0 -DVSULFD, 1 .UãLQLü, F 9LOLELü, I.,
%DWLVWLü, M. (2012) Hydrography, nutrients,
and plankton along the longitudinal section of
the Ombla Estuary (south ± eastern Adriatic).
Journal of the Marine Biological Association of
the United Kingdom. 92(6), 1227-1242.
[9] Christou, E. (1998) Interannual variability of
copepods in a Mediterranean coastal area (Saronikos Gulf, Aegean Sea). Journal of Marine
System. 15, 523-532.
[10] Hure, J., .UãLQLü, F. (1998) Planktonic Copepods of the Adriatic Sea ± spatial and temporal
distribution. Natura Croatica. 7(2),1-135.
[11] Marques, S.C., Azeiteiro, M.U., Marques, J.C.,
Neto, J.M., Pardal, M.Â. (2006) Zooplankton
and ichthyoplankton communities in a temperate estuary: spatial and temporal patterns. Journal of Plankton Research. 28, 297-312.
[12] Marini, M., Campanelli, A., Sanxhaku, M.,
.OMDMLü, Z., Betti, M., Grilli, F. (2015) Late
spring characterization of different coastal areas of the Adriatic Sea; Acta Adriatica. 56(1),
27-46.
[13] Mazzocchi, M.G., Gƍ$OFDOj, M.R. (1995) Recurrent patterns in zooplankton structure and
succession in a variable coastal environment.
ICES Journal Marine Sciencia. 52, 679-691.
[14] 0LOLVODYLü0/XþLü, D., Njire, J., Gangai, B.,
Onofri, ,*DUþLü, 5äDULü, M., Osmani, F.M.,
3HVWRULü, B., Nikleka, E., Shumka, S. (2012)
Zooplankton composition and distribution
across coastal and offshore waters of Albania
(Southern Adriatic) in late spring. Acta Adriatica. 53(2), 165-180.
[15] Regner, D. (1992) Eutrophication effects on the
copepods in the Adriatic Sea. Fresen. Environ.
Bull. 1, 161-165.
[16] Rose, M. (1933) Copépodes pelagiques. Fauna
de France. 26, 1-374.
[17] Terbiyik Kurt, T., Polat, S. (2013) Seasonal
distribution of coastal mesozooplankton community in relation to the environmental factors
in Iskenderun Bay (north ± east Levantine,
Mediterranean Sea). Journal of Marine Biology
Assoc. UK. 93, 1163-1174.
[18] Tregouboff, G., Rose, M. (1957) Manuel de
planctonologie Méditerranéenne. Tom I (texte),
± Tom II (illustrations), 207 pl., - C.N.R.S. Paris, 1-580.

CONCLUSIONS
One peak of Copepoda community was recorded in estuary of Bojana River in summer season
that what this region differs from others coastal
waters in Mediterranean. In Copepoda assemblage
copepodites were dominant in all seasons, with the
maximum abundance in spring or summer. When
the runoff of fresh waters from Bojana River in
increased during the winter, no copepods adults
were registered. Few epipelagic species (Tab.2)
were present that are brought by current: The Eastern Adriatic Current (EAC) and the Western Adriatic Current (WAC), from deep Adriatic Sea, and
they die very soon under these conditions (Fig.11).
For an effective management of ecosystems in
coastal waters that are adjacent to urban areas and
threatened by eutrophication or other adverse processes requires regular zooplankton communities
monitoring.
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[1, 2, 3]. Sainfoin has significant amount of adaptive
skills and resistant to cold and drought in perennial
forage crop. Sainfoin that has wide range of utilization area brings forth high-end harvest. That sainfoin
alone or mixed with poaceae, is used in haymaking,
pasture improvement, soil improvement, honey production, crop rotation [4]. Producing new crop varieties which combines desirable characteristics by
plant breeding is tough and time-taking process. It is
possible to encounter some problems such as incompatibility, genetic dependency and time-taking process of the selection and stabilization of desirable
characteristics. However, by the help of the widespreading techniques of plant genetic engineering,
these problems can be easily overcome. Without manipulating the original plant’s desired characteristics
one or several gene(s) that are isolated from different
organisms can be transferred to other plants [5].
Mamal steroid sex hormones (MSSH) (progesterone, 17β-estradiol, estrone and testosterone) are
found naturally in plants. But their substances vary
by species, plant organs and their stages of development [6]. Mamal steroid sex hormones was detected
in 1926 for the first time. Since then, many researches have been conducted on the formation of
mamal steroid sex hormones and physiological activities of mamal steroid sex hormones, but mechanisms of action and metabolism of these hormones
still can’t be totally illuminated. Because they have
been detected in reproductive organs, it is thought
that they have influence on inflorescence and reproduction and they aren’t regarded as plant growth regulators [7, 8, 9]. From past to present, some researches on sainfoin have been conducted and various factors have been examined. However, the researches related to mamal steroid sex hormones are
very few when compared to all the researches. In this
study that was carried by using seeds of sainfoin
(Lütfibey), the effects of four different concentration
of the certain mamal steroid sex hormones namely
progesterone, 17β-estradiol and testosterone, estrone
(0, 10-4 mM, 10-5 mM ve 10-6 mM) on  properties were examined.

This study was prepared to determine reactions
of mammalian sexual hormones (MSH) (progesterone, 17β-estradiol, estrone and testosterone) on sainfoin plants (    L.) grown in 
conditions, which was applied for 13 different methods performed in two stages. In the first stage, the
seeds were cultured in hormone-free medium. In the
second stage, the explants (cotyledon, root and hypocotyl) obtained from the plantlets were transferred
to the medium including different hormone, dose
and hormone-dose combinations. For the effects of
MSH, the highest shoot (16 shoot/petri) were obtained from hypocotyl explants with the doses 10-6
mM of progesterone and, 10-4 and 10-6’mM of estrone; the highest rate of callus formation (84,4 %)
with the dose 10-4 mM of estrone; the highest vigor
rate (73,4%) with the doses 10-4 and 10-5 mM of progesterone from root explants were obtained. For
rooting, the most suitable hormone was testosterone,
the most suitable explant was hypocotyl and it is observed that number of root increased depending on
treatment day. This study is the primary in terms of
determination of the effects of MSH on tissue culture
of sainfoin (    L).
+)"$%
     L., mammalian sex hormones, tissue
culture, sainfoin, plant hormones

!&$"'&"!
In today’s world where transformation to nature has become a slogan, plants have vital importance. Because of the plant species which have
more than 350.000 and the vital roles that unlike the
other living groups, plants are considered as the key
of the life on the earth. Besides, plants are used in
cosmetics and pharmaceutical industry, they provide
habitat for vast array of the living creatures, they provide organic substance for soil, environmental planning, play an important role in preventing natural
disasters, and processed as raw material in industry
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determined by analyses of variance (ANOVA) by
SAS GLM (SAS Inst., Cary, NC) computer program
and it was estimated at 0.05 probability level according to DUNCAN’s multiple range test.


$%'&%!%'%%"!

110.>=91 %98>30.,:,.4>B91=399>208
0<,>4981<97.9>B60/98When taking the effects of
hormone types on shoot generation according to
mean of applied dose into consideration, it was seen
that 17β-estradiol with averagely 0,8 shoot was
placed on the top. The number of shoot was 0,3 in
control (Table 2). On the other hand the most shoots
were obtained from 10-5 mM dose with 0,6 shoots
when the results were examined according mean of
hormone doses. All the doses gave better results
when compared to the control (Table 2). When hormone types were examined separately according to
their doses, it was seen that the most shoot generation was observed in these doses: progesterone (10-4
mM) and 17β-estradiol (10-6 mM) with 1,3 shoots
(Table 2).

In this study, the seeds that belong to Lütfibey
sainfoin (     L.) provided by East
Anatolian Agricultural Research Institute were used.
After the seeds’ testa dehulled, seeds were rinsed
with distilled water and then they were surface sterilized with 70% ethanol for 15 min and with 1% sodium hypochlorite (20% commercial bleach) for 30
min and then rinsed with sterile water. And then, the
seeds were aseptically germinated in Murashige and
Skoog (MS) medium and vitamins in petri dishes.
They were kept at 25°C under a 16h light, 8h dark
period. Cotyledon, root, hypocotyl of the plantlets
that groved were used as explant. In the first stage,
seeds were germinated on standart MS medium and
explants were taken. In the second stage explants
(cotyledon, root, hypocotyl) were cultured on the
medium that including four different concentration
of the certain mamal steroid sex hormones namely
progesterone, 17β-estradiol and testosterone, estrone
(0, 10-4 mM, 10-5 mM and 10-6 mM). 30 days after
this procedure explants were transferred to hormonefree medium. At the end of 30. and 60. days, explants
were transferred to new mediums according to viability of explants, observations were recorded at the
end of the 30, 60 and 90. days. As a medium MS salt
and vitamins Murashige and Skoog [10], as carbohydrate source 20 gr l-1 sucrose, 100 mg l-1 ascorbic
acid, 7 g l-1 agar, 1.95 gr l-1 MES were used. The pH
of this medium was adjusted to 5,8. Explants were
cultured at 25°C under 16h light, 8h dark. Fluorescent tubes that were 1500 lux were used as a source
of light. Each petri regarded as repetition and 16 explants were put in per petri dishes. This study was
conducted according to completely randomized design with 4 replications. The experiment was designed and analyzed according to 4x4 factorial experimental designs consisting of 4 different hormone
types and 4 different hormone doses that belong to
these hormones. The results obtained was

110.>=91 %98>30@4,-464>B<,>091.9>B
60/98=In regard to cotyledons’ viability rates hormone X dose interaction was very important.
(p<0,01). When considering mean values of hormone types, estrone had the highest viability rate
(19,1%). The rate of viability determined as 12,5%
in control. On the other hand, when taking mean of
hormone doses into consideration the highest viability rate was found in 10-4 mM dose (19,1%). As it is
seen from these datum, the rate of viability of the
mean of all hormone doses was higher than the rate
of control. When hormone types were examined separately according to applied doses, testosterone’s 106
mM dose showed the highest viability rate (34,4 %)
(Table 2).
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all the hormone doses and 10-6 mM dose with 13,1
110.>=91 %98>30=399>2080<,>498.,
shoots in the first place (Table 3).
:,.4>B913B:9.9>B6=Effects of hormone types and
doses were very important, according to results of
110.>= 91 % 98 >30 .,66?= 19<7,>498 91
variance analysis that belongs to the number of
shoot-forming explants. In the same way, effect of
3B:9.9>B6Effect of hormone X dose interaction on
interaction hormone X dose became very important
the callus formation was very important (p<0,01).
(Table 3). When 12 combinations were examined
When the mean values of hormone types is taken
separately according to hormone types and doses, in
into account, the highest rate of callus formation obterms of the shoot-forming explants, progesterone’s
tained from progesterone (3,5 %). But, it was seen
10-6 mM dose with 16,0 shoots and estrone’s 10-4
that when it was analyzed according to the mean of
hormone doses the highest rate callus formation obmM and 10-6 mM doses were placed on the first (Tatained from (3,5 %) 10-5 mM dose. It was also deterble 3).
mined that callus wasn’t generated in the control.
When the mean value of hormone types given
When hormone types were examined separately acin Table 3 analyzed, it was seen hypocotyl used as
cording to applied doses, the highest callus forexplant, estrone with 15,9 shoots took the first place.
mation rate was obtained from progesterone’s 10-5
Besides, according to the means of the hormone
mM dose (14,1 %) and it was followed by testosdoses, the number of shoot-forming explants in the
terone’s 10-4 mM dose (4,7 %) (Table 3).
control (16,0 shoots) was higher than the means of

& 
!?7-0<91=399>19<74821<97.9>B60/980A:6,8>=,>>3008/91 >3/,B,..9</482>9/4110<08>39<7980
>B:0=,8//9=0=@4,-464>B<,>0,>>3008/91 >3/,B
9=0=7 
9<7980




0,8
&308?7-0<91
=399>19<7482
0,3
1,3
0,5
0,3
0,6
#<920=>0<980
0A:6,8>,>>3008/
=><980
0,3
0,0
0,8
0,3
0,3
91 >3/,B=399>
E0=><,/496
0,3
0,5
1,0
1,3
0,8
:0><4
&0=>9=>0<980
0,3
0,3
0,3
0,0
0,2
0,8
0,3
0,5
0,6
0,4
28,1a
14,1b
0,0c
13,7
#<920=>0<980
12,5b
12,5a
18,8a
25,0a
20,3a
19,1
&30@4,-464>B<,>0,> =><980
a
a
a
>3
E0=><,/496
12,5
3,1
12,5
10,9a
9,8
>3008/91 /,B
&0=>9=>0<980
12,5bc
26,6ab
1,6c
34,4a
18,8

0,8
12,5
19,1
13,3
16,4
1)The differences between the means shown on the same line with the same lower-case letter are insignificant.

& 
!?7-0<91=399>19<74820A:6,8>1<973B:9.9>B6,>>3008/91 >3/,B,..9</482>9/4110<08>39<7980
>B:0=,8//9=0=.,66?=19<7,>498<,>0,>>3008/91>30 >3/,B8?7-0<91<99>19<74820A:6,8>=,>>30
08/91 >3,8/ >3/,B
9=0=7 
9<7980




0,8
!?7-0<91=399>
a
a
b
#<920=>0<980
16,0
15,3
13,5
16,0a
15,2A
19<74820A:6,8>=,>>30
=><980
16,0a
16,0a
15,5b
16,0a
15,9A
08/91 >3/,B
a
b
b
b
E0=><,/496
16,0
12,8
12,0
12,5
13,3B
=399> :0><4
&0=>9=>0<980
16,0a
3,5c
5,0bc
7,8b
8,1C
0,8
16,0a
11,9bc
11,5c
13,1b
b
b
a
b
#<920=>0<980
0,0
0,0
14,1
0,0
3,5
=><980
0,0
0,0
0,0
0,0
0,0
,66?=19<7,>498<,>0
E0=><,/496
0,0
0,0
0,0
0,0
0,0
,>>30 >3/,B
&0=>9=>0<980
0,0a
4,7a
0,0a
0,0a
1,2
0,8
0,0
1,2
3,5
0,0
3,5a
1,0c
2,0b
2,8D
#<920=>0<980
4,8a
!?7-0<91
=><980
4,8a
1,5c
2,4b
7,4a
4,0C
<99>19<74820A:6,8>
b
a
a
a
E0=><,/496
4,8
6,3
6,8
6,3
6,0B
,>>3008/91 >3,8/
c
b
ab
a
A
&0=>9=>0<980
4,8
8,3
9,9
11,0
8,5
 >3/,B<99> :0><4
b
b
b
a
0,8
4,8
4,9
5,0
6,7
1) The differences between the means shown at the same column with the same capital letter and at the same line with the same
lower-case letter are insignificant
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&
!?7-0<91<99>19<74820A:6,8>=,>>3008/91 >3,8/ >3/,B1<973B:9.9>B6,..9</482>9/4110<08>
39<7980>B:0=,8//9=0=








!?7-0<91><0,>708>/,B=
 
0,8
#<920=>0<980
0,0d
5,6b
2,8D
=><980
1,0c
7,0b
4,0C
b
a

E0=><,/496
2,1
9,9
6,0B
9<7980
&0=>9=>0<980
6,7a
10,3a
8,5A



0,8
2,5
8,2
-
c
a

0,0
9,5
4,8B

b
b
2,6
7,1
4,9B


3,3ab
6,8b
5,1B
9=0=7 

a
a

3,9
9,4
6,7



0,8
2,5
8,2
-
1) The difference between the means shown at the same column with the same capital letter and at the same column with the
same lower-case letter are insignificant



&
!?7-0<910A:6,8>=19<7482<99>=,..9</482>9/4110<08>39<7980>B:0=,8//9=0=.,66?=19<7,>498<,>0
,>>3008/91>30 >3/,B@4,-464>B<,>0,>>3008/91 >3/,B8?7-0<91=399>=<99>0/,>>3008/91 >3
/,B8?7-0<91=399>=,>>3008/91 >3/,B
9=0=7 




0,8
!?7-0<91
#<920=>0<980
5,8
5,5
7,3
9,3
7,0A
=399>19<7482
=><980
5,8
0,8
4,3
4,8
3,9B
0A:6,8>
E0=><,/496
5,8
1,0
4,3
3,8
3,7B
=399> :0><4
&0=>9=>0<980
5,8
1,8
5,3
3,8
4,2B
0,8
5,8a
2,3b
5,3a
5,4a
#<920=>0<980
26,6c
,66?=
56,3a
45,3ab
34,4b
40,6BC
19<7,>498<,>0 =><980
26,6d
84,4a
45,3c
60,9b
54,3A
E0=><,/496
26,6c
,>>3008/91
40,6bc
51,6ab
64,1a
45,7AB
&0=>9=>0<980
26,6b
>30 >3/,B
53,1a
26,6b
25,0b
32,8C
0,8
26,6c

58,6a
42,2b
46,1b
73,4a
73,4a
46,9b
57,0A
#<920=>0<980
34,4b
(4,-464>B<,>0,> =><980
34,4a
46,9a
42,2a
40,6a
41,0B
>3008/91 >3
E0=><,/496
34,4b
21,9b
60,9a
57,8a
43,8B
/,B
&0=>9=>0<980
34,4ab
18,8b
42,2a
32,8ab
32,0C
0,8
34,4b
40,2b
54,7a
44,5ab
#<920=>0<980
1,5
0,5
3,0
2,0
1,8
!?7-0<91
=399>=<99>0/,> =><980
1,5
1,3
2,5
0,8
1,5
E0=><,/496
1,5
0,0
3,0
3,0
1,9
>3008/91 >3
&0=>9=>0<980
1,5
0,3
2,8
1,5
1,5
/,B
0,8
1,5bc
=399> :0><4
0,5c
2,8a
1,8ab
#<920=>0<980
1,8b
4,4a
4,1a
2,8a
3,3A
!?7-0<91
=><980
1,8c
3,3a
2,6b
2,9b
2,7B
=399>=,>>30
E0=><,/496
1,8c
1,6c
4,7a
2,5b
2,7B
08/91 >3/,B
b
b
a
b
&0=>9=>0<980
1,8
0,7
2,3
1,3
1,5C
=399> :0><4
0,8
1,8b
2,5b
3,4a
2,4b
1) The difference between the means shown at the same column with the same capital letter and at the same line with the same
lower-case letter are insignificant
9<7980

110.>=91 %98>30<99>19<7482.,:,.4>B
913B:9.9>B6Hormone types, hormone doses, hormone x dose interaction had an important effect
(p<0,01) on root-forming capacity of hypocotyl (at
the end of 30th ve 60th days) (Table 4). When the
mean value of hormone types given in Table 4 analyzed, it was seen that when hypocotyl was used as
explant, testosterone took in the first place according
to the ranking root-forming explants (8,5 root/petri).
4,8 roots were generated in the control. When root
generation analyzed according to days testosterone

with 10,3 roots took the first place. Increase number
of days had a positive effect on results (Table 4).
110.>= 91 % 98 >30 <99>482 .,:,.4>B 91
<99> 0A:6,8>D= The differences of hormone doses
and hormone types related to root explant’s capacity
of generating root were statistically very important
(p<0,01) (Table 5). When root was used as explant,
progesterone was the first with 7,0 roots followed
by; the control group with 5,8 roots according to the
mean of explants generating root. When 12
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rooting of shoots taken from root explant were statistically very important (Table 5). When the mean
values of the hormone types were considered, 17βestradiol with (1,9) roots took in the first place, progesterone followed it with (1,8) roots in terms of
rooting of shoots taken from root explant. When the
hormone types were examined separately according
to the applied doses, progesterone’s 10-5 mM dose
with (3,0) roots, 17β-estradiol’s 10-5 mM and 10-6
mM doses were in the first place. When the mean of
the hormone doses was examined, it was determined
that 10-5 mM dose with (2,8) roots took the first place
(Table 5).

combinations created were examined separately according to hormone types ans doses, the most root
number was obtained from progesterone’s 10-6 mM
dose (9,3) and the other doses of progesterone followed 10-5 mM (7,3) and 10-4 mM (5,5) (Table 5).
110.>=91 %98>30.,66?=19<7,>498<,>0=
91 <99> The differences that belong to hormone
doses and hormone types and hormone X dose interaction had an important effect on the rate of root’s
callus formation. (p<0,01) (Table 5). When the mean
values of hormone types were considered, estrone
had the highest amount of the callus formation (54,3
%). The rate of callus formation in the control was
26,6 %. According to the mean of hormones doses,
10-4 mM dose (58,6 %) ranked first in terms of the
callus formation (Table 5). When hormone types
were examined separately according to applied
doses, estrone’s 10-4 mM dose (84,4 %) had the highest rate of callus formation.

110.>=91 %98=399>19<7482.,:,.4>B91
<99>When the results of variance analysis related to
the generated shoot explant at the end of 30th 60th and
90th days were examined, it was seen that the doses
had very important effect at the end of 30th day. Hormones and doses had very important effect at the end
of 60th and 90th days (p<0,01). Also, hormone X dose
interaction’s effect was very important at the end of
90th day (p<0,01) (Table 5).
The mean values given in Table 6 show that
progesterone took the first place with 3,3 in terms of
shoot-forming explants. On the other hand, shootforming explants number was 1,8 in control group.
When the hormone types were examined separately,
it was found that when the number of applied day
increased, the number of shoots also increased. And,
in terms of that feature the most number shoots (6,0)
were taken from sainfoin’s root explants that placed
in the medium including progesterone for 90th days
(Table 6). According to the mean of the applied
doses, 10-5 mM dose with 3,4 shoots took in the first
place. When the values related to dose and days were
examined separately, it was seen that 10-5 dose (5,6)
gave better results. It was seen that increase number
of applied days the number of shoot also increased
(Table 6).

110.>=91 %98>30@4,-464>B<,>0=91<99>
The differences of hormon types and doses in the viability rate of the root explants were statistically very
important. In a similar way, hormone x dose interaction also became significant (Table 5). When the
mean values related to hormone types were analyzed, the highest viability rate was obtained from
progesterone (57,0 %). However, it was seen that the
highest viability rate (54,7 %) belonged to 10-5 mM
dose when the means of all the doses of the hormones were analyzed. As it is understood from data,
viability rate of the mean of all the hormone doses
was higher than the control group (Table 5). When
hormone types were examined separately according
to the applied doses, progesterone’s 10-4and 10-5 mM
doses (73,4 %) had the highest rate of viability (73,4
%). Besides, 17β-estradiol’s 10-5 and 10-6 mM doses
had an important effect on the viability (Table 5).

110.>= 91 % 98 8?7-0< 91 <99>0/=399>
>,5081<97<99>The differences of doses related to


&
!?7-0<91=399>19<74820A:6,8>=,>>3008/91 >3 >3,8/
>B:0=

>3

/,B,..9</482>9/4110<08>39<7980

!?7-0<91><0,>708>/,B=
 
 
0,8
#<920=>0<980
1,0a
2,9a
6,0a
3,3A
=><980
1,1a
2,7a
4,3b
2,7AB
E0=><,/496
1,0a
2,8a
4,2b
2,7AB
9<7980
b
b
c
&0=>9=>0<980
0,4
1,6
2,6
1,5B
0,8
0,9
2,5
4,3

0,3b
2,0b
3,3b
1,8B

1,0a
2,2b
4,3ab
2,5B

a
a
a

1,3
3,4
5,6
3,4A
9=0=7 


0,9a
2,3b
3,9b
2,4B
0,8
1,0
2,6
4,5
1) The differences between the means shown at the same column with the same capital letter and at the same line with the same
lower-case letter are insignificant.
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&
!?7-0<91=399>19<74820A:6,8>,>>3008/91 >3/,B,..9</482>9/4110<08>39<7980>B:0=,8//9=0=
9<7980
#<920=>0<980
=><980
E0=><,/496
&0=>9=>0<980
0,8

9=0=7 

1,8b
1,8c
1,8c
1,8b
1,8b







4,4a
3,3a
1,6c
0,7b
2,5b

4,1a
2,6b
4,7a
2,3a
3,4a

2,8a
2,9b
2,5b
1,3b
2,4b

0,8
3,3A
2,7B
2,7B
1,5C
-

1) The differences between the means shown at the same column with the same capital letter and at the same line
with the same lower-case letter are insignificant.
When the combinations consisting of hormone
types and doses were analyzed separately, it was
found that 17β-estradiol’s 10-5 mM’dose with 4,7
shoots took the first place, progesterone’ s 10-4 and
10-5 mM doses followed it with 4,4 shoots and 4,1
shoots respectively. It was observed that the lowest
effect level on the shoot generation belonged to testosterone (Table 7).


%'%%"!

estrone for cotyledons, in the mediums including
progesterone for root explant. When cotyledons
were used as explant, no callus was formed. On the
other hand, when hypocotyl were used as explant,
callus was formulated and the highest callus formation rate was determined in the mediums including progesterone, testosterone, 17β-estradiol and estrone followed it. Besides, there was no callus formation in the control group in which there was no
hormone. According to this fact, it was understood
that in cases where hypocotyl used as explant mamal
steroid sex hormones triggered callus formation.
Callus was formed from root mostly in the mediums
including 17β-estradiol and estrone. In another study
performed on    , it was determined that 17β-estradiol increased callus formation [19, 20]. In a study on     ,
it was stated that androstenedion triggered callus formation. Also, it was understood that in wheat androsterone and androstenedion (1 µM) triggered the callus tissue in scutellum and increased the growing and
germination of immature embryo. In addition to this,
it was seen that estrogenes, especially estrone inhibited germination of immature embryo but it did not
inhibit the callus formation [7, 19, 21, 22]. Also, in
the other studies on     , it
was revealed that 17β-estradiol enhanced the formation and reproduction of callus [23, 24]. In the
study immature wheat embryo were used, Janeczko
et al. [21] were observed that androsterone and testosterone were increased callus formation, estrone
and progesterone inhibited the callus formation.
As a result of the studies conducted on mamal
steroid sex hormones, these were found that it increased the plant growing in trefoil Shore et al. [25],
Şahin et al [20], accelerated the speed of shoot generation in sunflower [18], accelerated the speed of
generative growing in wheat Janeczko and Filek
[26], and increased the plant growing in corn [27].
In this study, testosterone took the first place
according to the effects of hormone types on hypocotyl’s root generation, 17β-estradiol took the second place. Additionaly, when the root was used as
explant, progesterone was the first place, the control
group followed it. In terms of the effect on rooting
the shoots taken from root 17β-estradiol took the
first place, progesterone followed it. Afterall, 17βestradiol and progesterone’s 0,25 µg dose (per plant)

In tissue culture studies, the most important
things to consider type and concentration of plant
growth regulators and choosing appropriate explant.
It is reported as a results of the studies on many
plants including sainfoin if auxin and cytokinin bring
into balance in a desired way, there will be wide
range of adventive shoot regeneration [11, 12, 13,
14, 15, 16, 17].
Up to now, many researches on sainfoin have
been conducted and various different topics have
been examined. However, the researches related to
mamal steroid sex hormones are very few. This
study aimed at determining effects of certain mamal
sex hormones on callus formation and plant regeneration in sainfoin. Thanks to the results obtained, it
can be said that effects of hormone types vary according to explant types. In terms of hormones, 17βestradiol had the most impact on shoot generation capacity of cotyledons; estrone on shoot generation
from hypocotyl and progesterone on shoot generation from root. In other respects, shoot generation
varied in each of three explant types according to
hormone doses. It was deduced that 17β-estradiol
and progesterone’s 0,25 µg dose increased shoot
generation (per plant) in sunflower seedling. (
  L.) [18]. Additionaly, it was found that
the number of shoots generated from roots varies according to the number of application day, and it was
seen that number of shoots also increased as the
number of application day increased. There have not
been any studies undertaken in the area of the effects
of the mamal steroid sex hormones on viability rate
of cotyledons and roots. In this respect, it is thought
that this is the first study on the effects of MSH on
viability rate of cotyledons and roots. The highest viability rate was determined in the mediums including
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inhibited the root development of seedlings of sunflower (   L.) in the study conducted
by Bhattacharya and Gupta [18]. Progesterone’s 0,1
µg dose (per plant) had a positive effect on increase
in length of root and testosterone’s 0,1 and 0,25 µg
doses (per plant) increased the formation of bud were
observed. Both results of that study and results of the
previous studies showed that effects of different hormones varied according to explants. As mentioned
above, there is lack of information related to mechanism of action because the number of the study on
using mamal steroid sex hormones in tissue culture
is rather limited. Results of this study match up with
the results of previous studies.
The experiments that were established to determine the effects of mamal steroid sex hormones on
adventive shoot regeneration in sainfoin which is an
important forage legume. Cotyledon, root and hypocotyl explants taken from  seedlings were cultured on the medium including mamal steroid sex
hormones with different doses. This is the first research on sainfoin that using mamal steroid sex hormones under the tissue culture condition and positive
results was obtained in terms of its effect on callus
formation and regeneration. Using mamal steroid
sex hormones in plant tissue culture is pretty new application. Therefore, further studies must be conducted on different plants by using same or different
hormone types and doses to clearly understand the
effects of them on callus and regeneration. Besides a
further research will be conducted in order to provide
insights into mechanisms of action in tissue culture.
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characteristics that support the yield [1].
Seed yield is a complex quantitative feature that
is heavily influenced by environmental fluctuations.
Taking into account only a few characteristics while
not considering others makes striving to markedly
increase seed yields impossible [2].
In establishing an effective breeding program,
it is important to determine the characteristics that
influence greater seed yield, as well as appropriate
trait combinations to maximize the effect. Correlation tests give reliable information about the scope
and direction of the selection. However, due to the
relationships between the parameters, correlation
alone may not give satisfactory results. In plant
breeding, path analysis is widely used to determine
potentially significant influences on yield. This
method is beneficial for ascertaining the direct effect
of trait variations on each other and allows elaboration on direct and indirect effects of the correlation
coefficient [2, 3].
Correlation analysis is used to show the level of
relationship between seed yield and yield characteristics [4, 5]. It is not possible to obtain accurate information about the degree and size of the relationships between dependent and independent characteristics by determining the correlation coefficients. It
is possible, however, to use the path analysis method
to separate the direct and indirect effects of independent variables on a dependent variable [6].
Significant and positive correlation coefficients
have been found between seed yield and plant height,
the number of branches, or the number of capsules
on the plant, whereas the relationship determined between the 1000-grain weight and the number of seeds
in the capsules was statistically significant but negative. The direct connection between seed yield and
the number of branches per plant was also negative.
The maximum direct effect on seed yield was gained
from the number of capsules in the plant. When
ranked by size of impact, these characteristics as direct effects on seed yield are ordered as follows:
number of capsules on the plant, the number of
branches per plant and the 1000-grain weight [7].
Some researchers found statistically significant
positive relationships between seed yield, number of
capsules in the plant, number of seeds in each capsule and 1000-grain weight. The 1000-grain weight
and the number of capsules per plant have the highest

This research was carried out to reveal the direct and indirect effects of certain plant characteristics on the seed yields of several sesame genotypes.
Sixteen genotypes were examined to determine correlation relationship and path coefficients in a Mustafakemalpasa location during 2015-2016. In the
study, plant heigth, branch number, number of capsules per plant, number of seeds per capsule, 1000grain weight, seed yield per plant and seed yield per
hectare were investigated.
According to the results evaluated as averages
of two years, seed yield per hectare was significantly
and positively correlated with the number of seeds
per capsule (r= 0.525**), 1000-grain weight (r=
0.439**), seed yield per plant (r= 0.435**) and number of capsules per plant (r= 0.322**). The highest
positive and significant correlation coefficient was
reported as r= 0.992** between seed yield in plant
and 1000-grain weight.
Path analysis was used to show that the number
of seeds per capsule had the highest direct positive
effect (67.6%) on seed yield per hectare, tracked by
plant height with 66.3%. 1000-grain weight realized
the lowest direct contribution with 17.1%. Plant
height had a negative indirect effects on seed yield
per hectare through seed yield in the plant (15.3%)
and 1000-grain weight (4.5%). Number of capsules
per plant has shown a positive indirect effect of
24.6% on seed yield per plant.


$"
Sesame, genotypes, correlation coefficient, path analysis
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Sesame is considered one of the oldest cultivated plants. Rich in oil, protein, calcium and phosphorus, is an important one-year oil plant when
grown in especially developing countries. Sesame oil
is a high quality oil that does not deteriorate easily.
The production of high quality oil from sesame could
be potentially be increased by breeding further high
yield varieties. For this reason, plant breeders need
to know the relationship between seed yield and
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effect on seed yield in the plant [8].
According to the results of path analysis, the
number of capsules per plant had high positive direct
effects on seed yield, while significantly lower direct
positive correlations between seed yield, number of
major branches and 1000-grain weight were determined. The direct effects assigned to other traits such
as total number of branches per plant, plant height
and 1000-grain weights are not significant. However, the indirect effects of plant height, number of
branches per plant, and number of capsules per plant
on seed yield are high Some researchers found statistically significant positive relationships between
seed yield, number of capsules in the plant, number
of seeds in each capsule and 1000-grain weight. The
1000-grain weight and the number of capsules per
plant have the highest effect on seed yield in the plant
[9].
There were significant positive correlations between the number of capsules per plant, number of
seeds per capsule, number of branches per plant,
plant height and 1000-grain weight with seed yield
in plant. The greatest correlation coefficient
(r=0.7302) was obtained between seed yield and
number of capsules per plant. The number of capsules per plant, the number of seeds in each capsule
and the 1000-grain weight had a high degree of significantly positive direct effect on seed yield Some
researchers found statistically significant positive relationships between seed yield, number of capsules
in the plant, number of seeds in each capsule and
1000-grain weight. The 1000-grain weight and the
number of capsules per plant have the highest effect
on seed yield in the plant [10].
Other some researchers determined significant
positive correlations between number of branches
per plant, number of capsules per plant and plant
height among all other criteria examined in relation
to seed yields in the plant. According to the results
of path analysis, the number of capsules per plant
gave the highest direct contribution to seed yield in
plant, while the highest indirect contribution to seed
yield was realized via number of seeds per capsule in
relation to the number of capsules on the plant [11].
Correlation coefficients were also determined for
other plants [12].
In this study, the relationships among the yield
components of a large number of sesame genotypes
were examined by correlation and path analysis
methods. Identification of plant characters that are
most effective on seed yield will be limit the use of
pesticides (insecticide and fungicide) and fertilizers
that have harmful effects on the environment. Determination of the relationship between seed yield and
other plant components (plant height, branch numbers, number of capsules per plant, number of seeds
per capsule, 1000-grain weight and seed yield per
plant) may be lead to the use of less environment pollutants inputs.

The target of this trial is to examine the correlation interrelationship and path coefficients between
seed yield and yield characteristics in sesame.
  
The field trials were carried out over two years
(2015-2016) in the application fields of Uludağ University, Mustafakemalpaşa Vocational School
(40o02'N, 28o23'E). The trial was designed as three
replications in a randomized block trial design. In the
study area, the preliminary plant crop is safflower in
the first year and sesame in the second year. Sixteen
genotypes (Golmarmara, Osmanli 99, Boydak,
Sarisu, Tanas, Muganli-57, Tan 99, Hatipoglu,
Kepsut 99, Aslanbey, Baydar 2001, Batem Aksu,
Cumhuriyet 99, Ozberk-82, Orhangazi 99 and local
line Pakistan), including 15 varieties and 1 local line
(Pakistan), were obtained from various research institutes and used as plant material.
In the study, the distance between the rows was
70 cm [13] while the intra-row distance was 15 cm.
Plot length was 5 meters and there were 4 rows in
each plot. Sowing occurred in the first year on May
25, 2015 and in the second year on May 29, 2016,
with sesame planted as the main crop.
The soil of the trial area is clayey, slightly alkaline (pH 7.8), moderately calcareous (81 kg ha-1), unsalted (0.48 dSm-1) and moderate in terms of organic
matter (1.9%).
Total precipitation in September 2015 is greater
than the total precipitation of the year 2016 and long
years. On the other hand, we can note that the precipitation values of October 2016 are lower than the
average of 2015 and long years. We can also see that
the precipitation values of May 2015 are lower than
in May 2016.
The year 2016 values are very similar to the
long year’s average values, and the average temperature of September 2015 is slightly higher than the
two average temperature values.
In the study, plant height, number of branches,
number of capsules per plant, number of seeds per
capsule, 1000-grain weight, seed yield per plant and
seed yield per hectare were all characteristics examined. Measurements were obtained using 10 plants
incidentally determined from the second and third
rows of all plots. The plants were harvested and dried
on a clean surface when the capsules began to dry to
minimize grain loss. The completely dried capsules
were then shaken, and the clean seeds were obtained.
Direct and indirect effects of plant height (X1),
branch number (X2), number of capsules per plant
(X3), number of seeds per capsule (X4), 1000-grain
weight (X5) and seed yield per plant (X6) on seed
yield per hectare (Y) were investigated using the path
analysis method. The path diagram between the dependent variable (Y) and the independent variables
(X1, X2, X3, X4, X5 and X6) is provided in Figure 1.
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Path coefficients were shown as P17, P27, P37,
P47, P57 and P67, corresponding to direct effects on
seed yield from plant height, branch numbers, number of capsules per plant, number of seeds per capsule, 1000-grain weight and seed yield per plant, respectively [Fig. 1].
While the direct effects on the path diagram are
shown with single headed arrows, the correlation coefficients between the independent variants were expressed using double headed arrows. Each independent variable has a direct or indirect effect on the other
variables associated with the dependent variable.
The dependent variable (Y) is directly affected by the
error. The seed yield error does not have indirect effects because the error is assumed to be independent.

height.
The highest positive and significant correlation
coefficient was determined as r= 0.992** between
seed yield per plant and 1000-grain weight. Plant
height did not significantly correlate with any characteristic. The highest negative and significant correlation coefficient (r= -0.437**) was found between
the number of branches and the number of seeds per
capsule. There was a positive and significant association between the number of capsules per plant and
1000-grain weight (r= 0.402**) and seed yield per
plant (r= 0.367**). Correlation between 1000-grain
weight and branch number was positive and significant (r= 0.277**).
Given in the Table 2, the values found via path
analysis showed that the number of seeds per capsule
contributed the highest direct positive effect (67.6%)
on seed yield per hectare, followed by plant height,
at 66.3% for the characteristic. 1000-grain weight
had the lowest direct contribution at 17.1%. As a direct effect, a negative path coefficient (-0.229), was
determined in only the branch number characteristic.
The negative effect of this trait on seed yield was
36.2%.
The results of path analysis clarified important
positive and negative effects between seed yield and
other yield characteristics. Plant height had negative
indirect effects on seed yield in the plant (15.3%) and
1000-grain weight on seed yield per hectare (4.5%).

! !
Correlation coefficients calculated for the relationships between seed yield and some yield characteristics are presented in Table 1. Seed yield per hectare realized significant positive correlations at the
1% probability level with the number of seeds per
capsule, 1000-grain weight, seed yield per plant and
number of capsules per plant (r= 0.525, r= 0.439, r=
0.435 and r= 0.322, respectively). Seed yield was associated negatively with branch number, and positive significant correlations were made with plant

!
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355*0'7.32(3*++.(.*276)*7*51.2*)+356**)<.*0)'2)37-*5<.*0)(31432*276.26*6'1*
Traits

Seed Yield in
Hectare

Plant
Height

Branch
Numbers

Seed Yield in
Hectare
Plant Height
Branch Numbers
Number of Capsules in Plant
Number of Seeds
in Capsule
1000 Grains
Weight
Seed Yield in
Plant

Number of
Capsules in
Plant

Number of Seeds
in Capsule

1000 Grains
Weight

Seed Yield in
Plant

1.00

0,203ns

-0,170ns

0,322*

0,525**

0,439**

0,435**

0,203ns
-0,170ns

1.00
0,118ns

0,118ns
1.00

-0,123ns
0,245ns

-0,071ns
-0,437**

-0,254ns
0,277*

-0,264ns
0,260ns

0,322*

-0,123ns

0,245ns

1.00

0,083ns

0,402**

0,367**

0,525**

-0,071ns

-0,437**

0,083ns

1.00

0,081ns

0,086ns

0,439**

-0,254ns

0,277*

0,402**

0,081ns

1.00

0,992**

0,435**

-0,264ns

0,260ns

0,367**

0,086ns

0,992**

1.00


'7-(3*++.(.*279'08*6*67.1'7*)+356**)<.*0)'2)37-*575'.76.26*6'1*7-*'9*5',*639*57-*<*'56
5'.76


.2
.2

"
$.2

0.211
0.394

%
66.3
36.2
39.3
67.6

Path
0.048
-0.050
-0.029

%
7.7
9.5
5.0

Path
-0.027
-0.056
0.100

%
4.3
10.4
17.2

2).5*(7*++*(76
NCinP
NSinC
Path
%
Path
%
-0.026
4.2
-0.028
4.5
0.051
8.1
-0.172
27.3
0.033
6.1
0.017
3.0
-

0.132

17.1

-0.104

13.5

-0.063

8.2

0.084

10.9

0.031

4.1

-

-

0.357

46.1

0.360

46.7

-0.109

14.1

-0.059

7.7

0.077

10.0

0.034

4.4

0.131

17.0

-

-

.5*(7*++*(76
Path
0.412
-0.229

PH

BN

1000GW
Path
%
-0.033
5.4
0.036
5.8
0.053
9.9
0.010
1.8

SYinP
Path
%
-0.095
15.3
0.093
14.8
0.132
24.6
0.031
5.3

* significant at 0.05 and ** significant at 0.01. (PH: Plant height, BN: Branch numbers, NCinP: Number of Capsules per Plant, NSinC: Number
of Seeds per Capsule, 1000GW: 1000-Grain Weight, and SYinP: Seed Yield per Plant).

In our study, the highest indirect effects on seed yield
were determined between 1000-grain weight and
seed yield per plant and between branch number and
number of seeds per capsule. Similar results have
been explained by some researchers [31, 32, 33, 34].
The finding is that the highest direct contribution, as reported by [35] was the number of seeds per
capsule, which is in full agreement with the findings
of this study.

Number of capsules per plant has shown a positive indirect effect (24.6%) on seed yield per plant,
whereas a negative indirect effect on seed yield of
10.4% is shown by branch number. 1000-grain
weight has a positive indirect effect in the amount of
46.1% on seed yield. Total negative indirect effect of
plant height was 33.7% (15.3% for seed yield in
plant +5.4% for 1000-grain weight + 4.5% for number of seeds per capsule +4.3% for branch number +
4.2% for number of capsules per plant), while the indirect effect of branch number and number of seeds
per capsule on seed yield was 27.3%.
The description of associations among agronomic characteristics of plants is very important in
breeding studies. Correlations between seed yields
and other yield characteristics determined as significant were not stable due to significant genotype x environment interactions. It was reported by previous
researchers that there were positive correlations between seed yield and the following characteristics:
number of capsules per plant, 1000-grain weight, and
seed yield per plant [15, 9, 16, 17, 8]; plant height
andbranch number [18, 19]; number of seeds per
capsule and 1000-grain weight [20, 21, 22, 23, 5, 24];
number of capsules per plant, 1000-grain weight, and
seed yield per plant [25]; 1000-grain weight [26] and
seed yield in plant [27].
Some earlier studies revealed that the 1000grain weight [8], number of seeds per capsule [11,
5], branch number and plant height [28, 24, 29, 30]
have higher direct positive effects on the seed yield.

!
Values shown by path analysis proved that both
number of seeds per capsule and plant height were
the characteristics to be targeted when increasing
seed yield. According to these results, the number of
seeds per capsule and plant height could be considered as selection factors in future breeding studies to
examine maximum seed yield per hectare.
" 
The author wishes to thank American Journal
Experts for editing and English proofreading of the
manuscript.
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PHYSICOCHEMICAL PARAMETERS OF SEA WATER AT
TURKEY COASTS
Orkide Minareci*, Ergun Taskin, Ersin Minareci
Manisa Celal Bayar University, Faculty of Science and Arts, Department of Biology, 45140, Manisa, Turkey

ABSTRACT

While the ecosystem in the upper layer of the
Marmara Sea is under intense influence of both the
Black Sea based and Istanbul domestic wastes, and
industrial wastes in the region as well as terrestrial
based chemical inputs, the chemical characteristics
of the lower layer are under the intense influence of
the particles precipitated from the surface [3, 4].
The Aegean region is a highly developed
region in economic field, the Aegean coasts have
been affected by pollution incidents in recent years
due to the over population, and the terrestrial
pressure caused by developed agriculture, tourism
and industry.
The Mediterranean is very different from the
Black Sea and the Marmara Sea in terms of its
physical dynamics and its biogeochemical
characteristics. Because the deep convective mixing
is very active, dissolved oxygen, which is high in
the Eastern Mediterranean surface waters, falls as it
goes down into deepwaters. Eastern Mediterranean
is a sea of limited nutrient input. Transport with
rivers in coastal areas is more active in the western
Mediterranean [5].
The increase in pollution incidents negatively
have affected marine life and indirectly human life
in recent years. For this reason, it is aimed to
determine some physico-chemical parameters on
the Turkey coast.

In this study, it is aimed to determine some
physico-chemical parameters on the Turkey coasts.
pH, temperature, salinity, dissolved oxygen,
turbidity, conductivity, phosphate and ammonium
nitrogen parameters were determined. The sampling
were carried out from 56 points (17 The Black Sea,
15 The Marmara Sea, 13 The Aegean Sea and 11
The Mediterranean), once a year, during the
summer-fall period, between 2014-2016. In the
Black Sea, mean pH 8.25, temperature 26.53 °C,
salinity 16.84 Å, dissolved oxygen 5.45 mg/L,
turbidity 2.77 mg/L FRQGXFWLYLW\  ȝ6FP
SKRVSKDWH  ȝJ/ DQG DPPRQLXP QLWURJHQ
0.046 mg/L; in the Marmara Sea, mean pH 8.18,
temperature 25.56 °C, salinity 22.27 Å, dissolved
oxygen 5.56 mg/L, turbidity 1.15 mg/L,
FRQGXFWLYLW\  ȝ6FP SKRVSKDWH  ȝJ/
and ammonium nitrogen 0.112 mg/L; in the Aegean
Sea, mean pH 8.01, temperature 26.87 °C, salinity
35.69 Å, dissolved oxygen 5.40 mg/L, turbidity
2.08 mg/L FRQGXFWLYLW\  ȝ6cm, phosphate
ȝJL and ammonium nitrogen 0.023 mg/L; in
the Mediterranean, mean pH 7.87, temperature
28.58 °C, salinity 36.01 Å, dissolved oxygen 4.61
mg/L, turbidity 0.55 mg/L, conductivity 54259
ȝ6cm, phoVSKDWH  ȝJL and ammonium
nitrogen 0.024 mg/L were found.

MATERIALS AND METHODS
KEYWORDS:
Physico-chemical parameter, phosphate,
nitrogen, water quality, seas of Turkey.

ammonium

Physico-chemical variables of Turkey's marine
coasts (pH, temperature, salinity, dissolved oxygen,
turbidity and conductivity) were measured by Water
Quality Meter [Water Quality &KHFNHU '..TOA WQC 24)]. Ortho-phosphate [6] and
ammonium nitrogen [7] were measured by
spectrophotometer in the laboratory. The sampling
and analysis studies were carried out from 56 points
(17 The Black Sea, 15 The Marmara Sea, 13 The
Aegean Sea and 11 The Mediterranean), once a
year, during the summer-fall period, between 20142016 (Figure 1).

INTRODUCTION
Among the seas of the world, the Black Sea,
which is an innersea, has a special importance. This
characteristic is due to the fact that 80 % of this
quite large water body is anaerobic. There is
considerable freshwater in flow from the surrounding countries and many rivers in our country,
especially Tuna River, as well as heavy snow melt
in its surroundings. For this reason, the water
quality has changed [1]. Nutrient elements, organic
substances and polluting chemicals have been
transported from many rivers feeding the Black Sea
to the Black Sea in a very large amount [2].
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FIGURE 1
Research Area (Turkey Coasts)
7KH%ODFN6HD ùLOH.LO\RV6DNDU\D=RQJXOGDN)LO\RV&LGHøQHEROX6LQRS<DNDNHQW6DPVXQ
<HúLOÕUPDN)DWVD*LUHVXQ7LUHEROXTrabzon, 16: Rize, 17: Hopa).
7KH0DUPDUD6HD 6XVXUOXN%DQGÕUPD.DSÕGD÷(GLQFLNùDUN|\7HNLUGD÷0DUPDUD(UH÷OLVL
.oNoHNPHFH7X]OD.DYDNOÕGHUH.D\WD]GHUH+HUHNH<DORYD$UPXWOX*HPOLN 
The Aegean Sea: (1: Saros Bay, 2:Çanakkale, 3: A\YDOÕNdDQGDUOÕø]PLU%D\8UOD,OGÕU, 8: Küçük Menderes, 9:
Didim, 10: Güllük, 11: Bodrum, 12: Gökova Bay, 13: Datça).
The 0HGLWHUUDQHDQ 0DUPDULV'DODPDQ)HWKL\H.Dú)LQLNHAntalya, 7: Alanya, 8: AnaPXU7DúXFX
MersinøVNHQGHUXQ 

TABLE 1
The three-year mean values of physico-chemical parameters (Mean±SD)
PHYSICO-CHEMICAL PARAMETERS

SEAS

pH

Temperature
(°C)

Salinity
Å

Dissolved
oxygen
(mg/L)

Turbidity
(mg/L)

Conductivity
(μS/cm)

Phosphate
(μg/L)

Ammonium
nitrogen
(mg/L)

The Black Sea

8.25
±0.25

26.53
±2.9

16.84
±1.5

5.45
±0.9

2.77
±5.6

26574
±2166

10.87
±6.3

0.046
±0.03

The Marmara
Sea

8.18
±0.25

25.56
±4.1

22.27
±1.6

5.56
±1.2

1.15
±1.8

34977
±2388

11.14
±9.5

0.112
±0.11

The Aegean
Sea

8.01
±0.37
7.87
±0.39

26.87
±3.2
28.58
±1.9

35.69
±5.0
36.01
±2.7

5.40
±1.0
4.61
±0.8

2.08
±3.8
0.55
±1.3

53867
±7479
54259
±4317

9.72
±6.9
7.90
±1.9

0.023
±0.02
0.024
±0.01

The
Mediterranen

found to be appropriate to the criterion values.
The pH values (6 - 9) were determined to be
DSSURSULDWHZKHQFRPSDUHGWRWKH³:DWHU3ROOXWLRQ
Control Regulation General Quality Criteria for Sea
Water and Standard Values Required for Coastal
DQG0DULQH:DWHUV8VHGIRU5HFUHDWLRQ´>@$OVR
the optimal pH range for fish is from 6.5 to 8.5
according to United States Environmental
Protection Agency [10]. The pH values in our work
were found to be appropriate to EPA.

RESULTS AND DISCUSSION
The three-year mean values of the physicochemical parameters are shown in Table 1.
Phosphate and ammonium nitrogen exchanges
between 2014 and 2016 at stations in the seas are
shown in Figures 2, 3, 4, 5, 6, 7, 8, 9.
According to "Coastal Waters Quality Criteria
stated in Regulation on the Modification of
6XSHUILFLDO:DWHU4XDOLW\0DQDJHPHQW5HJXODWLRQ´
[8], pH, temperature, salinity parameters were
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FIGURE 2
Changes of phosphate between 2014 and 2016 in the Black Sea

FIGURE 3
Changes of ammonium nitrogen between 2014 and 2016 in the Black Sea

FIGURE 4
Changes of phosphate between 2014 and 2016 in the Marmara Sea
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FIGURE 5
Changes of ammonium nitrogen between 2014 and 2016 in the Marmara Sea

FIGURE 6
Changes of phosphate between 2014 and 2016 in the Aegean Sea

FIGURE 7
Changes of ammonium nitrogen between 2014 and 2016 in the Aegean Sea
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FIGURE 8
Changes of phosphate between 2014 and 2016 in the Mediterranean

FIGURE 9
Changes of ammonium nitrogen between 2014 and 2016 in the Mediterranean
:KHQFRPSDUHGZLWK³,QWHUPVRI*HQHUDODQG
Physico-chemical Parameters, Coastal Waters
Recipient Environment Quality Criteria stated in
Regulation on the Modification of Aboveground
Water Quality Regulation´ >@, in terms of
dissolved oxygen parameter, the Black Sea and
Marmara Sea II. Class (good), Aegean Sea III.
Class (medium), Mediterranean IV. Class (poor)
water quality and in terms of phosphate parameter,
the Black Sea II. Class (good), Marmara Sea I.
Class (very good), Aegean Sea and Mediterranean
III. class (medium) water quality were determined.
Dissolved oxygen below 5 mg/L may cause
adverse effects in larval stages of aquatic animals
[10]. In the present study, dissolved oxygen
concentrations were more than 5 mg/L in the Black
Sea, Marmara Sea, Aegean Sea and less than 5
mg/L in the Mediterranean.

Compared with "Trophic Levels of Aboveground Water stated in Regulation on the
Modification of Aboveground Water Quality
5HJXODWLRQ´>@, it is detected that the Aegean and
Mediterranean are in eutrophic water quality class
and the Marmara Sea is in oligotrophic water
quality class. That Aegean and Mediterranean have
eutrophic water quality is supported by the fact that
they have a third and fourth class water quality
according to the values of phosphate and
ammonium nitrogen and dissolved oxygen. The
Marmara Sea is oligotrophic because dissolved
oxygen, phosphate and ammonium nitrogen values
are good and very good water quality in the
Marmara Sea. The Black Sea is high in ammonium
values, although it has good water quality in terms
of dissolved oxygen and phosphate parameters.
In addition, concentrations of ammonium and
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conductivity, phosphorus, ammonium nitrogen
were found 15.6 °C, 8.1, 19.1 ppm, 38 mS, 0.2
mg/L, 0.8 mg/L, respectively [15].
It was reported that the temperature changed
between 23.5 and 26 °C and salinity changed
between 39.4 and 39.7 psu in the Aegean Sea Izmir
Bay [16]. In a survey conducted in ,OGÕU%D\RIthe
Aegean Sea, changes in physico-chemical parameters and nutrient elements were investigated. The
results of measurements are as follows: pH 7.85 8.48, temperature 14.0 - 24.5 ºC, salinity 33.97  Å GLVVROYHG R[\JHQ  - 9.2 mg/L,
ammonium 0.0 - 9.07 μg at/L, phosphate 0.0 - 0,61
μg at/L [17]. 'XUDOOÕDQG(JHPHn investigated some
physico-chemical and pollution parameters in Urla
Harbour of the Aegean Sea. Obtained
concentrations changed between; 13.5 - 27.5 °C for
water temperature, 8.01 - 8.30 for pH, 32.18 - 38.40
ÅIRUVDOLQLW\ - 9.0 mg/L for dissolved oxygen,
0.0 - 7.97 μg at/L for ammonium, 0.0 - 1.72 μg at/L
for phosphate [18]. The physico-chemical
characteris-tics of sea water were determinated by
Arslan et al. in Aliaga Bay of the Aegean Sea. The
results were determinated to be temperature 13 oC,
dissolved oxygen 5.5 mg/L, pH 6.91, salinity 37.50
psu in first station; temperature 14.5 oC, dissolved
oxygen 5.5 mg/L, pH 6.91, salinity 38 psu in
second station; temperature 13.5 oC, dissolved
oxygen 5 mg/L, pH 7, salinity 37.50 psu in third
station; temperature 13 oC, dissolved oxygen 6.5
mg/L, pH 6.91, salinity 38.50 psu in fourth station;
temperature 15 oC, dissolved oxygen 5 mg/L, pH
7.91, salinity 38 psu in fifth station; temperature 13
o
C, dissolved oxygen 10.8 mg/L, pH 8.02, salinity
38 psu in sixth station [19].
In general, the studies like our study were
done on the Indian coasts. As a result of these
studies it has been determined that the quality of the
coastal waters is generally in good condition.
In the study for detecting the physico-chemical
parameters of the south eastern coast of India, pH,
temperature, conductivity, salinity, dissolved
oxygen values were found as the values for the
metabolism and physiology of aquatic organisms
proposed by WHO and USEPA. pH ranged from
6.9 - 8.45, temperature from 33.5 - 34.1 oC,
conductivity from 58 - 88 μmho/cm, salinity from
35.2 - 36.1 ppt, dissolved oxygen from 3.2 - 4.7
mg/L [20]. As a result of the study of the water
quality of the Palk Gulf on the south eastern coast
of India, the surface water temperature 27.5 and
32.0 °C, salinity 26.0 -  Å S+  - 8.35,
dissolved oxgen 4.15 - 7.18 ml/L, inorganic
phosphate 1.28 -  ȝ0 were defined between
these concentrations. According to the results
obtained, the Palk Gulf water quality is in good
condition and no signs of coastal pollution have
been reported [21]. The physico-chemical
parameters were measured at two stationson the
Cuddalore coast of India. Surface water temperature

phosphate are higher in stations near settlements
and stations near freshwater in flows than in other
stations. The stations, where phosphate has the
highest values, especially Sakarya (The Black Sea),
Hereke (The Marmara Sea), Gemlik (The Marmara
Sea), %RVWDQOÕ (The Aegean Sea) and Mersin (The
Mediterranean) monitoring stations are in poor-bad
ecological quality class. In these stations, Ulva and
Cladophora species, which are affected by macroflora, are dominate [12].
These physico-chemical characteristics of
these seas also affect species diversity, abundance,
biomass, cover values and deep expansion of
macrophytes (macroalgae and angiosperms), like
other living groups. Ulvales, Cladophorales,
Cynophyta species especially these affected from
the environment are found abundantly on the
coastal areas where there is a lot of terrestrial
dominance. There are species such as Cystoseira
spp., calcareous red algae (Rhodophyta) and sea
grasses in less affected or unaffected environments
[12].
The physico-chemical parameter values we
have obtained in our work and the values found in
other studies carried out at same stations are close
to each other. As we do summer sampling, the
temperature is high and the dissolved oxygen values
are low. This is an expected situation because
dissolved oxygen is inversely proportional to the
temperature.
The physical and chemical properties of sea
water were determined in the study conducted in
Mersin Akkuyu Bay in the Mediterranean. Average
temperature 22 °C, dissolved oxygen 7.3 mg/L, pH
 DQG HOHFWULFDO FRQGXFWLYLW\  ȝS/cm were
defined. In our study, temperature 29.7 oC,
dissolved oxygen 4.6 mg/L, pH 7.85, electrical
conductivity 56366 6FP LQ 7DúXFX VWDWLRQ
temperature 29.4 oC, dissolved oxygen 3.33 mg/L,
pH 7.76, electrical conductivity 54600 μS/cm in
Mersin station were found [13]. The Eastern
Mediterranean is the poorest sea in terms of the
world's nutrients. In the study on the coastal waters
of the Mersin-Erdemli region in the Eastern
Mediterranean, dissolved inorganic phosphate 0.018
- ȝ0QLWUDWH - ȝ0UHDFWLYHVLOLFDWH
1.76 -  ȝ0 ZHUH detected between these
amounts [14].
In the study of the determination of some
physico-chemical parameters in Eastern Black Sea
(Samsun, Turkey), surface water temperature 28 ºC,
salinity 16.67 Å were determined. The pH ranged
between 8.29 and 8.31, dissolved oxygen ranged
from 6.8 to 7.2 mg/L. Concentrations of nutrients,
WRWDO QLWURJHQ  WR  ȝJ at / L), phosphate
phosphorus  WR  ȝJ at / L) also varied. It
was determined that the study area is natural in
terms of sea water quality [1]. In another study on
Samsun coastal waters, the average concentrations
of water temperature, pH, total dissolved solids,
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oligotrophic because dissolved oxygen, phosphate
and ammonium nitrogen values are good and very
good water quality in the Marmara Sea. Ammonium
nitrogen values of The Black Sea are high although
it has good water quality in terms of dissolved
oxygen and phosphate parameters. Concentrations
of ammonium and phosphate are higher in stations
near settlements and stations near freshwater in
flows and the stations are in poor-bad ecological
quality
class.
These
physico-chemical
characteristics affect species diversity, abundance,
biomass, cover values and deep expansion of living
groups in the seas. These studies should be repeated
periodically and risky areas should be identified.

22 - 33 ºC in the first station, 26 - 34 ºC in the
second station, pH 7.2 - 7.6 in the first station, 7.6 7.72 in the second station, salinity 19 - 32 ppt in the
first station, 23 - 33 ppt in the second station,
dissolved oxygen 2.5 - 5.6 mg/L in the first station,
3.0 - 5.9 mg/L in the second station, phosphate 0.69
- 3.22 mg/L in the first station, 0.78 - 3.68 mg/L in
the second station were detected between the values
[22]. The physico-chemical parameters of seawater
were determinated on the Tuticorin coasts of India.
pH from 7.42 to 8.51, temperature from 27.4 to 34
o
& VDOLQLW\ IURP  WR  Å LQRUJDQLF SKRVSKDWH
from 2.1±0.02 to 6.525±0.03 μg at/L were recorded
between the amounts in surface water. In the study
of the effect of sea water quality on the thermal
power plant in this region, it was reported that the
solid waste flyash of thermal power plants affects
the quality of seawater [23]. Parekh and Gadhvi
summarized the seasonal fluctuations of various
physico-chemical parameters on the Mithawirdi
coast of India. Anthropogenic activities affected the
study area at the lowest level and all parameters
were in the acceptable range. Obtained
concentrations changed between; 16 ± 28 °C for
water temperature, 7.3 - 7.7 for pH, 32 - 36 ppt for
salinity, 7.21 - 7.89 mg/L for dissolved oxygen, 239
- 298 NTU for turbidity [24].
In the study for detecting the physico-chemical
parameters of the Balochistan coasts of Pakistan, it
was stated that pH 7.08 - 8.95, temperature 15.00 33.00 ºC, salinity 37.4 - ÅGLssolved oxygen
5.32 - 8.67 mg/L varied between these amounts and
the obtained values did not pose a threat to marine
life [25].
In there search conducted in four coastal
towns in Ondostate in Nigeria, dissolved oxygen
from 7.53 to 7.66 mg/L, temperature from 29.42 oC
to 29.75 oC, pH from 6.63 to 6.71, conductivity
IURP  WR  ȝ6FP VDOLQLW\ IURP  WR
ÅWXUELGLW\IURPWR178ZHUH
identified between the values. According to the
criteria of the United States Environmental
Protection Agency and the World Health
Organization, water is classified as a good and
healthy water ecosystem [26].
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rapid growth of export has also greatly stimulated the
growth of energy consumption and air pollutant
emissions in China. With a large number of industrial products exported to overseas, a considerable
part of air pollutants are emitted in China. Therefore,
the cross-border transfer of air pollutants is becoming increasingly serious. Embodied air pollutants are
called that the air pollutants released from the process of raw material acquisition, manufacture, processing, transportation and becoming commodities
purchased by consumers. Analysis of embodied air
pollutants from international trade will help us understand the air pollutant emissions transferred from
one country to another. In this regard, this paper aims
to study embodied SO2, NOx and soot (dust) from
export trade in China, in order to reveal the amount
of air pollutant emissions transferred from other
countries to China and key factors affecting these
emissions, thereby providing policy references to
optimize the export status and reduce air pollutant
emissions.
The related study mainly focused on embodied
carbon emissions at a national level, such as China
[5-7], European Union [8], Australia [9], Sweden
[10] and Ireland [11]. Some scholars studied embodied carbon emissions in trade between several countries [12-14]. Some studies investigated this topic
from the perspective of sectors, such as building [1523], mineral [24] and electricity [25]. Some previous
studies also examined influences of industrial structure [26], and urbanization [27] on these emissions.
Of course, some researchers examined air pollutants.
For example, Yang et al. [28] investigated the impacts of energy consumption, energy structure and
treatment technology on SO2 emissions in China
during 1995-2014. Lyu et al. [1] investigated the key
contributors driving air pollutant emission changes
in China from 1997 to 2012. It is manifested that the
economic growth effect and energy intensity effect
were the two key contributors to the changes in air
pollutant emissions. Wang et al. [29] decomposed
the factors on the changes of SO2 emissions in
Jiangsu province into six effects, and found that the
end of control measures was the main positive drive
of SO2 emission decrease, while energy intensity
was the main negative drive.
In related to embodied air pollutant emissions,
multi-regional input-output model is the main way to
get embodied air pollutants in export trade. Some

ABSTRACT
This study calculated embodied SO2, NOx and
VRRW GXVW HPLVVLRQVLQ&KLQD¶VH[SRUWVEDVHGRQLQ
put-output tables during 2002-2012, and extended
the LMDI method to decompose factors affecting
these embodied emissions. The empirical results revealed that, the embodied SO2 and NOx emissions in
ChLQD¶VH[SRUWVLQFUHDVHGUHVSHFWLYHO\IURP
to 1376.39 kiloton, and from 1309.56 to 1519.47 kiloton, whereas the embodied soot (dust) emissions
decreased from 1726.79 to 803.21 kiloton. On the
whole, the export scale effect was the key driving
factor on these embodied emissions, followed by the
export dependence and export structure effects. The
energy intensity and emission coefficient effects had
great inhibitory impacts on these embodied emissions. The sources of these embodied emissions in
&KLQD¶V exports mainly came from the industries
with large energy consumption, but the energy intensity and emission coefficient effects significantly reduced the embodied emissions in some heavy industries. Some policy implications were put forward related to our empirical results.
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Embodied air pollutants, Input-output table, Decomposition analysis, LMDI method

INTRODUCTION
China has experienced rapid economic growth
in last decades, whereas the air pollution is increasing severe [1]. Air pollution not only has a negative
impact on social economic development, but also
harms ecological environment and human health [2].
With the growing level of industrialization and urbanization, the energy consumption and air pollutant
emissions are increasing at an unprecedented speed.
Haze and extreme weather occur frequently, which
seriously threaten human health [3-4]. As a large energy consuming country, China has emitted a mass
of sulfur dioxide (SO2), nitrogen oxides (NOx) and
soot (dust) emissions. However DV D ³ZRUOG IDF
WRU\´ &KLQD FRQVXPHG D ODUJH RI IRVVLO HQHUJ\
whereas a considerable proportion of energy consumption is eventually used for export trade. The
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and soot (dust) emissiRQV LQ &KLQD¶V H[SRUWV IURP
2002 to 2012, extended the LMDI method to decompose the factors influencing these embodied emissions into emission coefficient, energy intensity, export dependence, export structure and export scale
effects, and investigated the impacts of these effects
at holistic and sectoral levels. Thus, our study can
provide novelties in this research area.

researchers calculated air pollutant emissions on the
whole level. For example, Deng et al. [30] studied
the emissions of some embodied air pollutants such
as methane (CH4), nitrogen oxides (NOx), and sulphur R[LGHV 62[  ZKLFK HPERGLHG LQ &KLQD¶V
goods consumption and trade during 1995-2009, and
the results showed that these emissions displayed a
rising trend and China had become a net exporter of
embodied air pollutants. Liu et al. [31] reexamined
embodied SO2 in 30 provinces from 2005 to 2007.
Results revealed that 15.17-22.08% of the total domestic SO2 emissions was from SO2 embodied in exports and the eastern provinces contributed 74.4078.14% of the embodiment. Wakeel et al. [32] investigated the embodied PM2.5 emissions generated
from economic activities in India. They found that
14% of total PM2.5 emissions were indirect in 2010.
Some studied embodied air pollutants in certain regions. For example, Yang et al. [33] quantified embodied PM2.5 emissions from fifteen components of
Beijing. Meng et al. [34] demonstrated that the main
embodied greenhouse gas (GHG) emission contributors were in the upstream supply chain of Xiamen
city. Chen et al. [35] adopted embodied GHG emissions to acquire the decoupling indicators in Macao
from 2000 to 2013. Some previous studies also investigated the relationship between embodied air
pollutant emissions and water footprints in some industries [36]. Furthermore, some scholars applied
the logarithmic mean Divisia index (LMDI) method
to identify the contributors to embodied air pollutant
emissions. For example, Wang et al. [37] examined
the driving forces of embodied air pollutant (SO2,
Soot, Dust and NOx) emission flows in Jing-Jin-Ji
urban agglomeration. This empirical study revealed
that the scale effect, intensity effect and structure effect contributed a lot to embodied emissions from
Heibei province to Beijing. Chen et al. [38] decomposed embodied GHG emissions in foreign trade
during 2000-2011 in Macao, finding that the economic scale and energy structure were the main driving factors on embodied emissions.
We find some gaps in this research area based
on previous studies above. First, although some previous literature measured embodied air pollutants
using input-output model, these studies only calculated one or two embodied air pollutants. In addition,
the input-out data (before 2010) used in previous
studies were relatively old and cannot reflect the current economic linkage. Second, the LMDI method
was seldom used to analyze embodied air pollutant
changes. Besides, previous studies mainly focused
on regional analysis, whereas few studies examined
embodied air pollutant emissions at a sectoral level.
Third, the previous studies mainly conducted a holistic analysis of the impacts of various effects on
embodied emissions, while few literatures investigated the impacts from the perspective of different
sectors. In this regard, this study applied the latest
input-output data to examine embodied SO2, NOx

METHODS
An Input-output model was introduced to calculate embodied air pollutant emissions and the
LMDI method was applied to decompose these
emissions into several effects.
Calculation of embodied air pollutant emissions. According to the input-output model, we obtain,

B

( I  A) 1  I

(1)

Where, B denotes complete consumption coefficient matrix, A is a direct consumption coefficient
matrix, I is an identity matrix, and (I-A)-1 is the LeRQWLHILQYHUVHPDWUL[&KLQD¶VLQWHUPHGLDWHLQSXWVLQ
clude two parts: domestic products and import, thus
A=Ad+Am. Ad and Am respectively denote the direct
consumption coefficient matrix of domestic, and imported intermediate products. Am=MA, where M is an
import coefficient that measures the dependence of a
certain sector on imports, so its diagonal matrix elements are expressed as,

mij

imi
(i 1, 2, , n)
xi  imi  exi

(2)

Where, xi, imi, exi represent the element of total
output value, import, and export of sector i, respectively. Since the production of imported intermediate
products occurs abroad, Am should be deducted in the
process of calculating the complete consumption coefficient of domestic intermediate products. This direct consumption coefficient matrix Ad is expressed
as,

Ad

(I  M ) u A

(3)

Where, (I-M) is the diagonal matrix composed
of proportional domestic products of various sectors.
The complete consumption coefficient excludes the
influence of imported intermediate products, so
Eq.(1) can be changed as,

B
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The energy intensity of intermediate input can
be written as,

ei

Ei
Xi

The embodied air pollutant emissions can be
expressed as an extended Kaya identity, which is
shown as,

(5)

i

n

¦b

ij

u ei ( j 1,2,  , n)

EAi Ei X i EX i
 

 EX
Ei X i EX i EX

(10)

Where, EA represents the total embodied air
pollutant emissions, EAi represents the embodied
emissions in sector i, Ei is the energy consumption in
sector i, Xi is the output of sector i, EXi represents the
export value of sector i, and EX represents the total
export.
The changes of embodied air pollutant emissions between a base year 0 and a target year t, denoted by ǻ($, can be decomposed into five driving
forces: (a) The emission coefficient effect ( 'EAEA ),
i

(6)

i 1

Where, bij is the value of input i directly and
indirectly consumed in the process of producing one
unit of final product j. The air pollutant emission intensity of final product for sector j can be expressed
as,

pj

¦

EA

Where, ei denotes energy intensity, which represents the energy consumption per unit of output; Ei
represents the energy consumption of sector i; Xi is
the total output value of sector i. The energy intensity
of final product for sector j can be written as,

EE j
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Ei

which reflects the changes of embodied air pollutant
emissions per unit of energy consumption in different sectors. This effect describes the emission efficiency in the process of energy consumption. (b) The
energy intensity effect ( 'EA Ei ), which applies the

PO j

Xi

(7)

Ej

energy consumption per unit output to indicate the
input-output characteristics of energy utilization. It
reflects the changes of energy efficiency in different
sectors. (c) The export dependence effect ( 'EA X ),
i

Where, pj is air pollutant emission intensity of
final product for sector j, representing the air pollutant emissions per unit of energy consumption in sector j. POj is air pollutant emissions from sector j, and
Ej is the energy consumption in sector j. Thus, the
embodied air pollutant emissions from exports of
sector j can be defined as,

EX i

which reflects the changes of degree of open up in
different sectors, and the dependence of different
sectors on foreign economies. (d) The export structure effect ( 'EAEX ), which reflects the changes of
i

EX

EAj

EX j u EE j u p j

proportional export in different sectors. (e) The export scale effect ( 'EAEX ), which reflects the
changes of export scale.
Thus, the total changes of embodied air pollutant emissions (ǻ($) can be decomposed into following effects shown as,

(8)

Where, EXj is the value of export from sector j.
Based on Eq.(8), the embodied air pollutant emissions (EA) can be expressed as,

'EA EAt  EA0

n

EA

¦ EA

j

¦ 'EA

(9)

EAi
Ei

i

j 1

 'EA Ei  'EA X i  'EAEX i  'EAEX
Xi

EX i

(11)

EX

Where,

Log Mean Divisia Index (LMDI) is widely applied in analyses of energy consumption, carbon
emissions, and so on. Some scholars used this
method to study driving factors of energy consumption in countries such as China [39-41], Tunisia [42],
EU-27 [43], and carbon emissions at national and regional levels, such as China [44-46], Iran [47], Turkey [48], Pakistan [49], Spain [50], Pearl River Delta
[26] and Beijing [51]. The LMDI method was also
applied to research on driving factors of embodied
carbon emissions [52-53].

'EAEAi
Ei

'EA Ei
Xi

'EA X i
EX i
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0

periods in China Statistical Yearbook. The whole
Chinese economy was divided into 22 sectors to
match the data in input-output tables. The sector
classification is shown as Tab.1.

@ (16)

For Eqs.(12)-(16),

RESULTS AND DISCUSSION

 EA  EA
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Calculation of embodied air pollutant emissions. Fig.1 shows embodied SO2, NOx and soot
GXVW  HPLVVLRQV LQ &KLQD¶V H[SRUW SURGXFWV IURP
2002 to 2012.
On the whole, the embodied SO2 emissions
showed an upward trend during the period 20022007, and the maximum reached 1552.81 kiloton
(KT) in 2007. The emissions showed a downward
trend from 2007 to 2010, whereas it rose again to
1376.39 KT from 2010 to 2012. The embodied NOx
emissions increased dramatically to 2081.20 KT during the period 2002-2007, while it had a declining
trend from 2007 to 2012. Differently, the embodied
soot (dust) emissions were the highest in 2002,
reaching 1726.79 KT. Then, they showed a downward trend in the following years. From the perspective of different sectors (Fig.2), the Sector 10 (chemical products) was the industry with the largest embodied SO2 emissions, accounting for 20.53% of the
total emissions. In addition, embodied NOx emissions were large in Sector 10, covering 23.43% of
the total emissions. The largest embodied soot (dust)
emissions was from Sector 11 (nonmetallic mineral
products), reaching a maximum of 1132.48 KT in

(17)
0

Thus, this decomposition can be used to determinate the factors that influence changes of embodied air pollutant emissions during different time periods.

DATA DESCRIPTION
The data on input-output, import, and export
came from the 2002, 2005, 2007, 2010 and 2012 input-output tables, which were obtained from the National Bureau of Statistics of China. The data on currency variables were converted into standard prices
using a price index (2002=100) for the study period
is from 2002 to 2012. The relevant price indices were
from the corresponding periods in China Statistical
Yearbook. The data on energy consumption and air
pollutant emissions came from the corresponding

Sector code
Sector 1
Sector 2
Sector 3
Sector 4
Sector 5
Sector 6
Sector 7
Sector 8
Sector 9
Sector 10
Sector 11
Sector 12
Sector 13
Sector 14
Sector 15
Sector 16
Sector 17
Sector 18
Sector 19
Sector 20
Sector 21
Sector 22

Fresenius Environmental Bulletin

TABLE 1
Classification of sectors
Sector classification in this study
Agriculture
Mining and Washing of Coal
Extraction of Petroleum and Natural Gas
Metal and Nonmetal Mineral Mining
Food and Tobacco Products
Textile
Wood and Furniture
Paper, Printing, Educational and Sports Goods
Fossil Fuel and Nuclear Fuel Processing
Chemical Products
Nonmetallic Mineral Products
Metal Smelting and Pressing
Metal Products
Common and Special Equipment
Transport Equipment
Electrical and Electronic Equipment
Other Manufacture
Electricity, Heat and Water Production
Construction
Commerce
Transport, Storage and Post
Other Sectors
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SROOXWDQW HPLVVLRQV LQ &KLQD¶V H[SRUWV (VSHFLDOO\
the energy intensity effect had a great inhibitory impact on emission increments. This effect greatly decreased embodied SO2, NOx and soot (dust) emissions respectively by 1555.56, 2325.73 and 1756.65
KT during 2002-2012. The export dependence effect
had positive and negative contributions to these embodied emissions, while the export structure and export scale effects were positive, which promoted the
embodied SO2, NOx and soot (dust) emissions. Particularly, the export scale was the key promoting effect on these emissions.

2002. Therefore, the emissions of embodied air polOXWDQWVLQ&KLQD¶VH[SRUWPDLQO\FDPHIURPWKHLQ
dustries with large energy consumption, especially
Sector 10, Sector 11, and Sector 12 (metal smelting
and pressing).
Decomposition analysis of embodied air pollutant emissions. Holistic Analysis. Figs.3-5 show
the impacts of different effects on the changes of embodied SO2, NOx, and soot (dust) emissions during
the periods 2002-2005, 2005-2007, 2007-2010 and
2010-2012.
On the whole, the emission coefficient and energy intensity effects decreased the embodied air
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FIGURE 1
7KHHPERGLHGDLUSROOXWDQWHPLVVLRQVLQ&KLQD¶VHxport products during 2002-2012 (unit: KT)
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FIGURE 2
7KHHPERGLHGDLUSROOXWDQWHPLVVLRQVLQ&KLQD¶VVHFWRUDOH[SRUWVGXULQJ-2012 (unit: KT)
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FIGURE 3
The decomposition results of embodied SO2 HPLVVLRQFKDQJHVLQ&KLQD¶VH[SRUWV
during 2002-2012 (unit: KT)
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FIGURE 4
7KHGHFRPSRVLWLRQUHVXOWVRIHPERGLHG12[HPLVVLRQFKDQJHVLQ&KLQD¶VH[SRUWV
during 2002-2012 (unit: KT)
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FIGURE 5
7KHGHFRPSRVLWLRQUHVXOWVRIHPERGLHGVRRW GXVW HPLVVLRQFKDQJHVLQ&KLQD¶VH[SRUWV
during 2002-2012 (unit: KT)
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embodied air pollutant reductions. During the periods 2002-2005 and 2005-2007, the energy intensity
effect had an upward trend for decreasing embodied
SO2 and NOx emissions, whereas it showed a downward trend for reducing these emissions from 2007
to 2012. This effect showed a descending trend on
inhibiting embodied soot (dust) emissions during
2002-2012. These results indicated that the improvement of energy efficiency in China had been decreased. Further studies revealed that the changes of
energy intensity effect were very similar to the
changes of energy intensity in industrial sectors
(Fig.6), which indicated that the energy intensity effect was greatly influenced by the energy intensity in
industries in China. In recent years, the deceleration
of industrial agglomeration has slowed the growth of
energy efficiency in China [57]. In order to control
the emissions of embodied air pollutants, further
promotion in technical progress and energy efficiency of industries is necessary [58].
The export dependence effect had a negative or
positive contribution on embodied emission reductions during different periods. In general, this effect
increased embodied SO2, NOx and soot (dust) emissions by 365.58, 493.66 and 372.56 KT, respectively, during 2002-2012. This reflected that the enhancement of export dependence would increase the
emissions of embodied air pollutants. The export dependence had negative contributions to embodied
SO2 and NOx emissions from 2002 to 2005. However, this effect greatly promoted these emissions
during the period 2005-2010, and the embodied SO2
and NOx emissions increased by 505.69 and 859.19
KT, respectively. This effect inhibited the embodied
emissions from 2010 to 2012. The export dependence slightly decreased the embodied soot (dust)

The emission coefficient effect reduced embodied SO2, NOx and soot (dust) emissions from
2002 to 2012, by 739.07, 1200.27 and 2322.87 KT,
respectively. This effect on inhibiting embodied SO2
emissions increased during 2002-2010, whereas it
increased emissions by 74.56 KT from 2010-2012,
which indicated that the emission efficiency for embodied SO2 reduction deteriorated in recent years.
The emission coefficient effect was negative for embodied NOx and soot (dust) emissions during 20022005, whereas its inhibitory effect on reducing embodied NOx and soot (dust) emissions obviously decreased from 2005 to 2007. This effect led to a decrease in embodied NOx and soot (dust) emissions
during the period 2007-2012. However, this effect
played a decreasing role in reducing these two embodied air pollutant emissions. This may be related
WR&KLQD¶VHPLVVLRQUHGXFWLRQSROLFLHVDQGUHGXFWLRQ
potentials of embodied air pollutants: During the
11th Five-Year Plan period (2006-2010), China proposed the target of decreasing SO2 emissions by
10%, which led to the reduction of SO2 emissions by
14.3% [54], and the reduction of total suspended particles (TSP) emissions by more than 30% [55]. Accordingly, the embodied SO2 and soot (dust) emissions decreased by 23.58% and 39.10%, respectively. During the 12th Five-Year Plan period (20112015), China put forward another target of reducing
SO2 emissions by 8%. Due to the magnitude reducWLRQLQSUHYLRXV\HDUV&KLQD¶VHQWHUSULVHVKDGDQDU
row space in reducing emissions, although they
maintained technical progress [56].
The energy intensity effect had great inhibitory
impacts on embodied SO2, NOx and soot (dust)
emissions during the period 2002-2012, reflecting
the improvement in efficiency of energy utilization
in China. This effect was the main factor on the

KT
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FIGURE 6
The energy intensity effect of embodied air pollutants and tKHFKDQJHRIHQHUJ\LQWHQVLW\LQ&KLQD¶V
industries during 2002-2012
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dropped from 86.56% to 81.41% during 2007-2012,
ZKLFKUHIOHFWHGWKDW&KLQD¶VWUDGHVWUXFWXUHKDG been
slightly improved [61].
The export scale effect was the main factor promoting embodied air pollutant emission increments.
The export scale effect dramatically increased embodied SO2, NOx and soot (dust) emissions respectively by 2113.09, 2657.58 and 2422.95 KT from
2002 to 2012. During different periods, the export
scale effect increased embodied air pollutant emissions, whereas it presented a downward trend for increasing these emissions. This indicated that the promoting impact of the export scale on embodied emission increments decreased. As shown in Fig.7, during the period 2002-2012, although the export scale
was expanding, its growth rate presented a declining
trend.

emissions during the periods 2005-2007 and 20102012. This effect was positive during other periods.
On the whole, during the periods 2002-2005 and
2010-2012, an increase in the degree of export dependence (EX/X) reduced the export dependence effect ( 'EA X i ) on the decrease in embodied air polEX i

lutant emissions. The degree of export dependence
declined constantly during the periods 2005-2007
and 2007-2010, especially in industries, which had a
negative impact on air pollutant abatement [59].
In general, the export structure effect slightly
improved the embodied air pollutant emissions. The
embodied SO2, NOx and soot (dust) emissions increased by 189.15, 584.67 and 360.43 KT, respectively, during 2002-2012. The export structure effect
had a promoting impacts on embodied SO2 and soot
(dust) emission increments from 2002-2005 to 20052007, whereas it had a slight inhibitory impact from
2007 to 2010. This effect enhanced the embodied
emissions during 2010-2012. The export structure
effect was positive for embodied NOx emissions
during various periods. It showed a downward trend
for promoting embodied NOx emissions from 2002
to 2010, whereas it rose during 2010-2012, increasing emissions by 96.90 KT. During the period 20072012, the proportional export from heavy industries
declined, reflecting the trade structure in China had
been improved in recent times [60]. Nevertheless,
the proportional export from manufactured products
in China remained 81.41% in 2012, and the energy
consumption accounted for 69.77%. It is manifested
WKDW&KLQD¶VH[SRUWVZHUHVWLOOGRPLQDWHGE\HQHUJ\
intensive industries [30]. In addition, the proporWLRQDO H[SRUW RI &KLQD¶V HQHUJ\ LQWHQVLYH SURGXFWV

billion
yuan

Sectoral Analysis. As shown in Tab.2, During
the period 2002-2012, the emission coefficient effect
greatly reduced the embodied emissions in Sector 11
(nonmetallic mineral products), Sector 6 (textile),
and Sector 12 (metal smelting and pressing). The energy intensity effect was the dominant inhibitory factor on embodied air pollutant emissions. This effect
in Sector 10 (chemical products), Sector 9 (fossil
fuel and nuclear fuel processing), and Sector 11
(nonmetallic mineral products) reduced embodied
SO2, NOx and soot (dust) emissions respectively by
316.31, 936.18 and 862.41 KT. The emission coefficient and energy intensity effects significantly decreased these emissions especially in heavy industries. This is because the heavy industries are closely
related to social and economic development. With
WKH LPSURYHPHQW RI SHRSOH¶V OLYLQJ standards and
market competition, heavy industrial sectors had to
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FIGURE 7
The value of exports and growth rate of exports in China during 2002-2012
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TABLE 2
7KHGHFRPSRVLWLRQUHVXOWVRIHPERGLHGDLUSROOXWDQWHPLVVLRQFKDQJHVLQ&KLQD¶VGLIIHUHQWVHFWRUV
during 2002-2012 (unit: KT)

Sector
Code
Sector 1
Sector 2
Sector 3
Sector 4
Sector 5
Sector 6
Sector 7
Sector 8
Sector 9
Sector 10
Sector 11
Sector 12
Sector 13
Sector 14
Sector 15
Sector 16
Sector 17
Sector 18
Sector 19
Sector 20
Sector 21
Sector 22

Sector
Code
Sector 1
Sector 2
Sector 3
Sector 4
Sector 5
Sector 6
Sector 7
Sector 8
Sector 9
Sector 10
Sector 11
Sector 12
Sector 13
Sector 14
Sector 15
Sector 16
Sector 17
Sector 18
Sector 19
Sector 20
Sector 21
Sector 22

Emission coefficient
effect
Soot
SO2
NOx
(dust)
-6.27
-5.48
-6.11
-3.81
-24.46
-9.61
-0.11
-2.28
-0.11
-17.05
-6.94
-24.91
-41.27
-13.07
-41.77
-217.72
-132.10
-98.72
-12.52
-55.74
-35.04
-46.96
49.75
-33.11
240.30
-436.03
131.69
19.69
-160.62
-14.05
-248.49
-20.42
-1758.72
-123.51
-65.52
-179.19
14.27
-16.26
-2.15
15.99
-44.85
-4.55
-4.71
-19.19
-14.42
-30.41
-68.05
-19.04
-46.38
-30.56
-49.77
-93.60
-28.86
-35.62
-1.52
-1.33
-1.36
-33.53
-29.65
-31.48
-51.10
-44.31
-47.14
-50.34
-44.31
-47.70
Export structure
effect

Energy intensity
effect
SO2

NOx

-2.22
-6.69
-0.93
-13.27
-46.85
-161.86
-12.53
-121.19
-91.51
-316.31
-265.12
-259.25
-16.60
-20.24
-8.04
-12.74
-125.85
-67.20
-0.61
-3.17
11.22
-14.59

-2.06
-32.50
-3.85
-6.04
-20.66
-117.48
-22.85
-46.41
-936.18
-467.06
-219.66
-210.72
-35.86
-58.42
-18.88
-24.63
-57.23
-37.98
-0.64
-3.23
10.49
-13.86

Soot
(dust)
-1.81
-9.66
-0.49
-16.41
-37.74
-79.44
-17.77
-60.99
-68.50
-182.46
-862.41
-235.32
-13.92
-20.88
-12.12
-7.78
-100.30
-24.12
-0.35
-1.75
8.82
-11.24

Export dependence
effect
Soot
SO2
NOx
(dust)
0.63
0.59
0.52
7.00
46.95
9.27
0.34
1.59
0.19
11.39
5.35
10.63
21.27
8.93
15.88
68.47
50.96
33.72
-0.23
-1.53
0.80
-12.73
-22.96
-9.88
7.00
142.02
8.55
85.50
119.82
42.24
50.95
34.05
241.31
9.14
32.73
-37.30
8.97
17.57
5.49
-9.34
-16.80
-7.49
-1.75
-6.40
-1.93
-1.00
1.31
-0.97
36.28
26.06
28.11
68.92
38.10
25.75
-0.56
-0.49
-0.46
-2.07
-1.72
-2.60
9.80
10.30
4.41
7.61
7.23
6.32
Export scale
effect

SO2

NOx

Soot (dust)

SO2

NOx

Soot (dust)

-1.83
-4.21
-0.06
-3.89
-9.00
-50.87
4.42
9.25
45.63
50.56
91.15
176.39
-2.04
14.39
4.88
1.96
-27.28
-44.66
1.05
-9.27
-42.97
-14.45

-1.63
-22.96
-0.40
-1.98
-3.86
-35.20
8.28
23.25
383.11
85.04
102.37
115.87
-3.79
35.33
10.52
3.10
-27.17
-24.45
1.02
-8.24
-40.76
-12.76

-1.65
-5.20
-0.04
-2.53
-9.68
-25.09
5.70
0.59
30.59
31.19
196.94
206.99
-0.74
13.68
8.23
1.37
-19.06
-17.94
0.70
-8.08
-31.84
-13.70

4.21
8.58
0.57
14.10
50.76
285.72
29.13
192.15
67.03
400.22
335.24
272.70
24.40
32.99
13.00
43.69
131.56
77.18
1.39
27.08
63.38
37.99

3.81
27.25
2.37
6.54
22.68
197.79
61.74
67.47
731.31
574.56
242.35
221.08
57.07
95.69
30.72
81.21
69.53
43.72
1.32
24.73
59.84
34.79

3.68
12.01
0.30
19.13
45.43
139.53
42.61
108.39
50.55
238.67
1170.22
253.92
22.53
33.69
18.55
26.88
103.09
28.36
1.06
22.95
49.29
32.10

Note: The negative and positive values respectively represent the reductions, and increments of embodied air
pollutant emissions.

nuclear fuel processing) and Sector 12 (smelting and
pressing). The export scale effect was the main factor that increased embodied air pollutant emissions
in all sectors. This effect greatly promoted embodied
SO2, NOx and soot (dust) emissions in Sector 10
(chemical products), Sector 9 (fossil fuel and nuclear

respond to the emission abatement policies, and improve production and reduction technologies to reduce pollutant emissions. The export dependence
and export structure effects obviously promoted the
embodied emissions in some sectors, such as Sector
10 (chemical products), Sector 9 (fossil fuel and

7252

© by PSP

Volume 27 ± No. 11/2018 pages 7244-7256

Fresenius Environmental Bulletin

imports to optimize the trade structure. (3) The embodied air pollutant emissions mostly come from the
heavy industries. Therefore, on the one hand, in
heavy industries, it is necessary to promote the resource integration, eliminate backward capacity, restrict the development of high pollution industries,
and accelerate the pace of product upgrading. On the
other hand, the high-tech and modern service industries, such as information industry, ecotourism, new
energy development and so on, should be rapidly developed to constantly improve the proportion of
clean industry.

fuel processing), and Sector 12 (smelting and pressing) respectively by 400.22, 731.31 and 1170.22 KT.
Thus, the export dependence, export structure, and
export scale effects promoted embodied emissions
mainly in heavy industries.

CONCLUSION
Our analysis results revealed that: (1) The embodied SO2 DQG12[HPLVVLRQVLQ &KLQD¶VH[SRUWV
increased from 1003.20 to 1376.39 KT, and from
1309.56 to 1519.47 KT, whereas the embodied soot
(dust) emission decreased from 1726.79 to 803.21
KT. (2) On the whole, the factors related to export
increased embodied emissions, among which, the
export scale effect was the key driving factor on
emissions, followed by the export dependence and
export structure effects. (3) The energy intensity and
emission coefficient effects had great inhibitory impacts on the embodied emissions. (4) The sources of
HPERGLHGDLUSROOXWDQWHPLVVLRQVLQ&KLQD¶VH[SRUWV
were mainly from the industries with large energy
consumption, such as Sector 10 (chemical products),
and Sector 11 (nonmetallic mineral products). The
energy intensity and emission coefficient effects significantly reduced these embodied emissions in
some heavy industries, such as Sector 10 and Sector
9 (fossil fuel and nuclear fuel processing).
Our empirical analysis points to the following
policy implications for inhibiting embodied air pollutant emissions: (1) The energy intensity and emission coefficient effects should be further improved,
especially for energy intensive industries. The empirical results revealed that the energy intensity effect had a great inhibitory impact on these emissions,
which indicated that the efficiency of energy utilization in China had risen to a certain height. Thus,
China should make full use of this advantage to further improve energy efficiency. The energy efficiency can be enhanced through the following methods. First, more efforts should be made to encourage
the research and development to promote advanced
energy-saving technology. Second, the energy exploitation, transformation and utilization should be
optimized relying on technological progress. More
attention should be paid to encourage the technical
innovation. (2) The factors related to exports promoted these embodied emissions, especially the export scale effect was the key driving factor on the
emissions. However, the export is one of WKH³7KUHH
&DUULDJHV´WRVWLPXODWHWKHHFRQRPLFJURZWK,WLVLQ
evitable that the export restriction is bound to harm
the economic development. Thus, China should vigorously advocate the development of green trade.
The concepts of green life, green growth, green marketing and green technology should be cultivated to
realize the sustainable development of foreign trade.
Meanwhile, it is necessary to encourage the high
added-value exports and high energy intensive
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)LYH<HDU3ODQSHULRGV-RXUQDORI&OHDQHU3UR
GXFWLRQ

[45] /LQ %4 DQG /RQJ +<   (PLVVLRQV

[57] /LX - &KHQJ =+ DQG =KDQJ +0  
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found life in places near water. While excessive water causes floods, less water, however, negatively affects people's lives and can even cause mass migrations.
Today, the reasons such as increase in population and the proliferation of industrial facilities cause
continuous increase in water demand. Measures can
be taken to meet the need for water, such as transporting water from places where it is abundant to the
places where it is scarce and creating water reservoirs. But the most effective way is to examine the
behavior of water in the past and to predict its future
behavior. The fact that the change in the amount of
water during a period is known will help to plan and
use the water to be stored more carefully.
The average annual rainfall in Turkey is 643
mm, which corresponds to an average of 501 billion
m3 per year. 186 billion m3 of this passes to a surface
flow. Considering the theoretical data, the amount of
annual water per capita in Turkey is around 3300 m3
when the amount of water to be left to trans-boundary countries is considered.
Water resources of Turkey have been presented
in Table 1 [2, 3]. Considering the criteria accepted in
the world, if the annual amount of water per capita
in a country is 10,000 m3 or more, this country is
among rich countries category in terms of water potential. According to these criteria, which are accepted in Turkey as well, Turkey is not a rich country
in water potential and at the same time, it will enter
into the category that will suffer from water shortages after a certain period when the annual population increase is considered.
View point of hydrological condition there are
26 basins in Turkey (Figure 1). Meric, Coruh, Aras
Tigris and Euphrates basins enter transboundary waters group. The average annual water potentials of
these basins originating from Turkey are 1.33, 6.30,
4.63, 21.33 and 31.61 billion m3 respectively. This
total value of 65.2 billion m3 is of great importance
when the geopolitical situation of Turkey is considered.
The fact that flow trends are known is of great
importance in planning and management of water resources. Hydraulic data related to average and low
currents are used for calculation of the capacity of
dams and reservoirs and for management of dams.

Hydroelectric energy has an important place
in energy sector is generated from 26 main Basins
in Turkey. Sakarya Basin is one of the most important water resource in Turkey. However, hydroelectric energy production by utilizing these rivers
has not reached the desired level yet in the basin. The
aim of this study is to provide that hydroelectric energy production can be increased at desired level in
Sakarya Basin. Some parameters which are very important to determine hydropower potential, have
been used in this study. Some of these parameters are
water discharge, water drop (head of water) etc.
These parameters have been observed and measured
for selected streams in the Sakarya Basin. In this
study, hydro energy potential has been determined in
the Sakarya Basin by using trend analysis. Trend
analysis has been carried out by using Mann Kendall
Test, Spearman’s Rho Test and Sen’s Slope formulas and also “Trend Analysis for Windows" called
Delphi 7.0 programming.
+*"%&
Water resources, hydro energy, trend analysis, MannKendall Test, Spearman’s Rho Test, Sakarya Basin, Turkey
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When considered the alternative energy resources, hydroelectric generation is not generally
achieved in Turkey, especially in Sakarya Basin.
However, with some laws and regulations enacted,
in many activities and opportunities such as construction, production and distribution related to investments carried out exclusively by the Turkish
Government, but private sectors have not used
enough these opportunities yet. Therefore, by using
these facilities well, it will be possible for the private
sector to close the energy gap in Turkey or to minimize it by evaluating the river resources in the region
[1].
Water is one of the most valuable natural resources in human life, in all living things and shortly
in the nature. Throughout history, civilizations have
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Information about floods is used for making the project and operation of flood structures. And information about low currents is necessary for problems
related to control of water quality and water supply
projects. That the currents have trends will significantly affect future decisions [4].
The trend, defined as a significant decrease or
increase in the values measured for a size over time,
can be examined via various tests. The nonparametric Mann-Kendall Test and the Spearman Rho Test,
which were successfully used in most of water quality records; and were determined to be the strongest
test as a result of examinations, were utilized to determine the hydroelectric energy potential and to analyze annual average current trends of the stations in
the Sakarya Basin.
In this study the negative (-) or positive (+)
trends have been tested and found trend start years
by using Mann-Kendall and Spearman’s Rho Tests
and the trend slopes have been calculated by using
Sen's Slope method. Furthermore, trend analysis of
average currents and temperature data is done with
the help of "Trend Analysis for Windows" software
which is prepared by using Delphi 7.0 programming.
The end of this study, it is concluded that some

streams in the Sakarya Basin which have positive
trends, have significant hydropower potential and
this potential should be evaluated for energy production.
%)*"
+%"!%+#"'!'!'(%+

Turkey has aimed at increasing domestic production by public, private and foreign utilities, at increasing efficiency by rehabilitation of existing
plants and acceleration of existing construction programs. On the other hand, there are 436 sites available for hydroelectric plant construction, distributed
on 26 main river zones. At present, the average hydroelectric capacity in Turkey is 45 TWh/yr which
corresponds to only 36% of the total economically
feasible potential of the country. Up to 2020, it is expected that about 502 new hydropower plants will be
constructed to make use of the full available potential. Present and potential of hydroelectric power in
Turkey has been presented in Table 2 [5-9].



' 
*.A2??2@<B?02@6;'B?82E,-
*.A2?%2@<B?02@
Mean annual precipitation
Volume of the mean annual precipitation
&B?3.02*.A2?
Annual flow
Annual run-off coefficient
Present annual consumption
?<B;1D.A2?
Annual safe yield
Allocated amount
Present annual consumption

:<B;A
642.6 mm
501 km3
186.05 km3
% 0.37
27.5 km3
12.2 km3
7.6 km3
6.0 km3

(% 
 .6;.@6;6;'B?82E,-
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Turkey has important hydropower potential.
However, small hydropower plants (SHPPs) with
Therefore, Turkey has rigorous plans for the develtheir renewable energy characteristics are increasopment of its substantial hydropower potential. Apingly becoming trend around the world, due to their
proximately 5500MWof hydropower capacity is uneasy and fast construction, negligible negative imder construction, the largest schemes being Deriner
pact on the environment, and contribution to improvDam in the north of the country (680 MW) and Berke
ing the socio-economic structure in rural areas. For
Dam in the southeast (520 MW). In Turkey, 566 hythis reason, it is important to determine the potential
dropower projects by DSI (State Hydraulic Works)
of small hydropower potential in the country and
[38] have been identified for development in total,
also Sakarya Basin.
130 are already in operation, 31 are under construcView point of hydraulics, hydrological, geologtion, and 405 (with a capacity of 19 951 MW) are
ical and topographical conditions, it is considered
planned [6, 10].
that many small hydropower plants can be installed
The distribution of hydroelectric power potenon the small streams which have not been investitial in Turkey is as shown in Table 2. By 2020, it is
gated until now. According to the literature the share
expected that the total hydro installed capacity will
of HEPPs with an installed capacity less than 10 MW
be almost 36,000MW [6]. Since the production of
(small hydropower) is approximately 2-3% in Turhydroelectric power plants is dependent on precipikey. In this case, in order to meet electricity energy
tation conditions, the share of total production varies
demand more projects should be prepared and alterevery year, yet still about 20-30% of electric energy
native studies should be done in Turkey and Sakarya
in Turkey is produced from water. Some public orBasin as well [1].
ganizations such as Electrical Power Resources Survey and Development Administration (EIE) and
State Hydraulic Works (DSI) in the production of
&%+&!!*'%
hydroelectric project in Turkey is to ensure the de%&"(%&"%+%"!%+
velopment of the hydroelectric potential of the coun
try. These organizations have carried out data colSakarya Basin is one of the 26 main basins in
lecting activities necessary for all study and project
Turkey and called number is 12. With 58.160 km2
services and maintain basin master plans, pre-examarea and 31.057 billion m3 average perception the
ination, planning and project studies of dams and
Sakarya Basin is the one of the most important basin
power plants [11].
in Turkey. The Sakarya Basin (study area) is pre
sented in the Figure 2 [3].

In this study, 7 streams which are observed
 #"%'!"+%"'%
their water discharge and the others hydraulics and
#"*%!!%+#%"('"!
hydrological characteristic were selected in the Sa
karya Basin. Trend analysis was applied in these
In order to supply energy demand, large-scale
streams. These streams and their characteristics are
hydroelectric power plants (HEPPs) have been degiven in the Table 3 [12].
veloped and constructed for 50 years in Turkey.

' 
#?2@2;A.;1=<A2;A6.9<35E1?<2920A?60=<D2?6;'B?82E, '<A.96;@A.9921
.=.06AE
 *
#?2@2;A5E1?<=<D2?=9.;A@
74
193
68
12,595
8
45
32
3,152
182
15,985
BAB?2#<@@6/92#<A2;A6.9
164
366
82
610
187
4,727
51
3,692
37
5,815
10
3,250
2
1,053
1
1,200
534
20,713
716
36,698

!B:/2?<3
#<D2?&A.A6<;@
In production > 10 MW
In production < 10 MW
Under construction > 10 MW
Under construction < 10 MW
Present total
> 5 MW
5-10 MW
10-50 MW
50-100 MW
100-250 MW
240-500 MW
500-1000 MW
1000 < MW
Future Total
'"'



7259

#?<C2;#?<1B0A6<;
*5 E2.?

'<A.9;;B.9
#?<1B0A6<;
*5 E2.?

287
33,273
151
6,207
39,918

722
45,208
228
10,290
56,448

571
897
9,234
7,734
11,824
5,620
2,054
2,459
40,393
80,311

1,848
2,587
18,959
13,001
19,308
10,688
3,173
3,833
73,398
129,846
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&<:205.?.0A2?6@A60@<3A52@2920A21@A?2.:@3<?A?2;1.;.9E@6@6;A52&.8.?E..@6;,
Stream and Station Name
Dinsiz Stream - Yagbasan
Sakarya River - Dogancay
Kocasu - Rustumkoy
Sakarya River - Aktas
Ankara Stream - Mesecik
Aladağ Stream - Karakoy
Mudurnu Stream - Dokurcun

Observation Period
(year)

Water Discharge (Q)
(m3/s)

53
53
53
43
52
52
50

6.99
121
17.9
7.19
12.3
13.3
7.75

-

Water Drop
(Head of Water) (H)
(m)
25
41
198
837
635
505
286

'%&! '"&

2A2?:6;6;4 :2A5<1@ .;1 .==960.A6<;@ <3
A?2;1.;.9E@6@6;A52&.8.?E..@6; In this study,
Mann-Kendall Test and Spearman’s Rho Test were
applied to the annual mean trends of the selected
streams by using the "Trend Analysis for Windows"
program. Slopes of trend have been calculated by using Sen's Slope method.

required by the Mann-Kendall Test, that is, the ManKendall Test is a non-parametric (distribution-free)
test [13-15].
In generally Man-Kendall test begins by estimating the S statistic. Man-Kendall Test formulas
are given as follows:
j>i (1)

.;;2;1.99 '2@A  The purpose of the
Mann-Kendall Test is to statistically assess if there
is a monotonic upward or downward trend of the variable of interest over time. A monotonic upward or
downward trend means that the variable consistently
increases or decreases through time, but the trend
may or may not be linear.
The Mann-Kendall Test can be used in place of
a parametric linear regression analysis, which can be
used to test if the slope of the estimated linear regression line is different from zero. The regression analysis requires that the residuals from the fitted regression line be normally distributed; an assumption not

Which is the number of positive differences minus the number of negative differences. If S is a positive number, observations obtained later in time
tend to be larger than observations made earlier. If S
is a negative number, then observations made later
in time tend to be smaller than observations made
earlier.
Equation:

(2)
where:
S: Statistic
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V(S): Variance
ti is the number of ties of length (m).
The statistic S is then standardized (Z; equation
3), and its significance can be estimated from the
normal cumulative distribution function [16].
Equation:

Equation:

(4)
where,
d = Difference between ranks
n = Number of Data
R = Rank Value
Mann-Kendall and Spearman's Rho Tests were
applied to the annual mean trends of the selected stations with the "Trend Analysis for Windows" program. The results are given in Table 4.

(3)
The Man-Kendall Test is conducted as follows
[15]:

&2;@&9<=2 This test computes both the slope
(i.e. linear rate of change) and intercept according to
Sen's method. First, a set of linear slopes is calculated as follows [19, 20]:
Sk = (xj-xi) / (j-i)
(5)
for (1 ≤ i < j ≤ n), where:
S is the slope, x denotes the variable, n is the
number of data, and i, j are indices. Sen's slope is
then calculated as the median from all slopes: b =
median Sk. The intercepts are computed for each
timestep t as given by
(6)
at = xt – b*t
The corresponding intercept is as well the median of all intercepts. This function also computes
the upper and lower confidence limits for Sen’s
slope. According to status of trend for the selected
streams tendency of the trends have been calculated
by using the Sen’s Slope Formulas and the result of
the slopes are presented in the Table 5 [21].

* List the data in the order in which they were
collected over time, x1, x2, ….xn, which denote the
measurements obtained at times 1,2, …n, respectively.
* Determine the sign of all n (n-1)/2 possible
differences xj-xi, where j>i, these differences are
x2-x1, x3-x1, ….xn-x1, x3-x2, x4-x2, ….xn-xn-2, xn-xn-1
* Let sgn (xj-xi) be an indicator function that
takes on the values 1, 0, or -1 according to the sign
of xj-xi, that is, If xj-xi>0, sgn(xj-xi)= 1, if xj-xi=0,
sgn(xj-xi)=0 and if xj-xi<1, sgn(x7-xi)= -1. For example, if xj-xi > 0, that means that the observation at
time j, denoted by xj, is greater than the observation
at time i, denoted by xi.

&=2.?:.;@ %5< '2@A  In the literature,
Spearman's Rho Test is formulated and explained as
follows [17, 18]:
Spearman's Rho is a non-parametric test used
to measure the strength of association between two
variables, where the value R = 1 means a perfect positive correlation and the value R = -1 means a perfect
negative correlation.

.90B9.A6<;:2A5<1 <3 5E1?<2920A?60 =<A2;
A6.9 There are different methods for calculating hydroelectric energy. Since the amount of energy depends mostly on the height of the water (water drop)
and water discharge values we decided to use the
method which is mentioned from some literatures
[22, 23]. The method and it equations as follows:
N = γ*H*Q
(7)
The equation, N=γ*H*Q »N=9,81*H*Q* F (F
=0,85-0,92) can be written for N andFis 0,85 the N
is calculated as:
N = 8*H*Q
(8)
and then E is calculated as:
E = N* 24*365
(9)

%2>B6?2:2;A@ 
• Scale of measurement must be ordinal (or
interval, ratio)
• Data must be in the form of matched pairs
• The association must be monotonic (i.e.,
variables increase in value together, or one increases
while the other decreases)


'
'?2;1.;.9E@6@?2@B9A@3<?@2920A21@A?2.:@6;&.8.?E..@6;
&A?2.:.;1&A.A6<;!.:2

&A.AB@<3'?2;1+2@ !<
.;;2;1.99
&=2.?:.;@%5<
No
No+)
Yes
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes

Dinsiz Stream – Yağbasan
Sakaya River – Doğancay
Kocasu – Rüstümköy
Sakaya River – Aktas
Ankara Stream – Mesecik
Aladağ Stream – Karaköy
Mudurnu Stream – Dokurcun
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'
&9<=2@<3A?2;13<?A52@2920A21@A?2.:@D56055.C2A?2;1,
%6C2?.;1&A.A6<;!.:2
Sakaya River – Doğancay
Kocasu – Rüstümköy
Sakaya River – Aktas
Aladağ Stream – Karaköy
Mudurnu Stream - Dokurcun

-

&9<=2<3'?2;1
2,254
0,203
0,113
0,207
0,074


'
&<:205.?.0A2?6@A60@<3A52@2920A21@A?2.:@3<?A?2;1.;.9E@6@6;A52&.8.?E..@6;
&A?2.:.;1&A.A6<;!.:2
Sakarya River - Dogancay
Kocasu - Rustumkoy
Sakarya River - Aktas
Aladağ Stream - Karakoy
Mudurnu Stream - Dokurcun
'<A.9

*.A2?
6@05.?42$
: @
121
17.9
7.19
13.3
7.75

*.A2??<=
2.1<3*.A2?
:
41
198
837
505
286

E1?<2920A?60
#<D2?
8*
4217
3013
5115
5709
1884
19938

E1?<2920A?60
;2?4E
*5
364
260
442
493
163
1722


In these equations:
N=Power (tm/s), (1 tm/s= 9,81 Kw = 13,3 HP) and
it goes to (kW, MV, GW)
γ= Specific weight (t/m3)
H= Water drop (head of water) (m)
Q=Water discharge (m3/s)
E = Energy value of water resource (kWh, MWh,
GWh)


%&('&!&(&&"!

tion is calculated by excluding potential losses, decrease of water drop and energy transformation,
which may occur depending on the technology used.
Economical potential in generally depends on
some geological and technical conditions such as geographical structure of basin, technical team and
equipment facilities etc. To calculate of hydropower
potential for selected streams in the Sakarya Basin
the equations 7, 8 and 9 are used.
Hydroelectric Power (N) and hydroelectric energy (E) have been calculated by using this method.
Hydroelectric power and hydroelectric energy values for selected streams in the Sakarya Basin are
given in the Table 6.

Hydropower potential of the rivers is determined according to the water drop (head of water)
and the water discharge which are provided by geological, hydraulics and hydrological characteristics.
There are three types of potential which are gross
(theoretical) potential, technical potential and economical potential [24, 25].
The gross potential is calculated according to
the total flows and water drops of rivers and this potential indicates the maximum theoretical level.
Gross potential refers to the annual energy potential
assumed to be achievable with 100% turbine efficiency of all natural flows until the boundaries of
waters crossing the borders at the level of sea. But,
turbines cause about 10-15%15 fraction loss (energy
loss). In other words, in generally these mechanics
machines usually work with about 82-92% efficiency. In this reason, F is accepted as 0, 85 in this
study.
Technical potential, which represents the maximum value of the production to be achieved as a result of the realization of all projects that are technically feasible, is a function of the gross potential as
an energy value and is expressed as a percentage.
The technically feasible water power potential showing the top level of the hydro electric energy produc-

"!(&"!&
In this study, trend analysis was performed with
the help of nonparametric Mann-Kendall and
Spearman's Rho Tests using the annual mean flow
values of selected streams in the Sakarya Basin. In
order to determine the relationship with annual total
rainfall flow values, the Mann-Kendall Test and the
Spearman's Rho Test were applied to the trend analysis of the total rainfall data of Sakarya Basin. The
end of this application it was found that there is a
significant trend most of the streams which are selected for this study.
Hydroelectric facilities are very valuable resources in Sakarya Basin, which has a great potential
due to meteorological, topographic, hydraulics and
hydrological conditions. Using this potential, the
economic situation of people most of whom are unemployed and poor and live rural areas will be significantly improved.
As can be understood from this study, it can be
concluded that there is great hydroelectric energy
potentials on the streams in the Sakarya Basin. For
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this purpose, hydroelectric potential should be evaluated to the highest level in the Sakarya Basin.

[6] DSI (State Water Works) (2007) Hydropower
Potential in Turkey, Ankara, Turkey.
[7] Ozturk, R., Kincay, O. (2004) Potential of hydraulic energy. Energy Sources. 4(26), 11411156.
[8] Yuksek, O., Komurcu, M.H., Yuksel, I. and
Kaygusuz, K. (2006) The role of hydropower
meeting the electric energy demand in Turkey.
Energy Policy. 34, 3093-3103.
[9] Kaygusuz, K., Yuksek, O. and Sarı, A. (2007)
Renewable energy sources in the European Union: markets and capacity. Energy Sources. Part
B. 2, 19-29.
[10]Yuksel, I. (2010) Hydropower for Sustainable
Water and Energy Development. Journal of Renewable and Sustainable Energy Reviews.
14(1), 462-469.
[11]EIE (Electrical Power Resources Survey and
Development Administration) (2004). Hydropower Projects Performed by EIE. Ankara, Turkey.
[12]EIE (Electrical Power Resources Survey and
Development Administration) (2008). Between
1935 and 2005 Monthly Water Flow Averages.
Ankara, Turkey.
[13]Mann, H.B. (1945) Non-parametric tests against
trend. Econometrica. 13, 163-171.
[14]Kendall, M.G. (1975) Rank Correlation Methods. 4th edition. Charles Griffin, London, UK.
[15]Gilbert, R.O. (1987) Statistical Methods for Environmental Pollution Monitoring. Wiley, New
York, USA.
[16]Blain, G.C. (2013) The Mann-Kendall test: the
need to consider the interaction between serial
correlation and trend. Agricultural Engineering,
Acta Sci., Agron. 35(4), 393-402.
[17]Barcelona Field Studies Centre, Geography
Field Work (2017) https://geographyfieldwork.com/SpearmansRank.htm (Accessed 23
November 2017).
[18]Social Science Statistics (2017) http://www.soc
scistatistics.com/tests/spearman (Accessed 30
November 2017).
[19]Sen, P.K. (1968) Estimates of the Regression
Coefficient Based on Kendall's Tau. Journal of
the American Statistical Association. 63(324),
1379-1389.
[20]Pohlert, T. (2017) Non-Parametric Trend Tests
and, Change-Point Detection http://r.adu.org.za/
web/packages/trend/vignettes/trend.pdf. (Accessed 01 December, 2017).
[21]Kirdemir, M. (2009) Estimate of Hydroelectric
Potential in the Lower Sakarya Basin by Using
Trend Analysis. Sakarya University, Graduate
School of Natural and Applied Sciences, M.Sc.
Thesis (Advisor of Thesis: Prof. Dr. I. Yuksel).
Sakarya, Turkey.

!"* !'&
This study was supported by Yildiz Technical
University, Scientific Research Coordinator, Istanbul, Turkey. Project ID: 1897, Project No: 2016-0501-KAP01.
&'"&+ "&!%)'"!&
6@A<3
.0?<;E:@
E
N
γ
Q
H
F
S
V
ti
Z
d
n
R
S
x
i and j
b
TWh
GWh
MWh
kW

 .6;.;1 2.@B?2:2;AB;6A@
: Energy value (kgm)
: Power (kgm/s)
: Specific weight (kg/m3)
: Water discharge (m3/s)
: Head of water drop (m)
: Efficiency factor of turbine (%)
: Statistic
: Variance
: The number of ties of length (m).
: The statistic S is then standardized
: Difference between ranks
: Number of Data
: Rank Value
: Sen’s Slope
: Denotes the variable,
: Indices.
: Median Sk.
: Terra Watt Hour
: Giga Watt Hour
: Mega Watt Hour
: Kilo Watt
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INVESTIGATION OF THE USE OF CEPHALARIA SYRIACA
WEED SEEDS (TURKISH PELEMIR) AS FEEDSTOCK IN
BIODIESEL PRODUCTION
Hulya Karabas*
Sakarya University, Department of Environmental Engineering, 54187, Sakarya, Turkey

the world. A worldwide effort has been made to
increase biofuels and reduce greenhouse gas emissions to achieve Kyoto's climate change targets.
Biofuels are renewable alternative energy types and
its degrades more rapidly than diesel fuel, minimizing the environmental consequences. Biofuels has
lower emissions of contaminants; carbon monoxide,
particulate matter, polycyclic aromatic hydrocarbons etc. Its lower health risk, due to reduced emissions of carcinogenic substances. Biofuels are produced from biomass any matter derived from plants
or animals. The potential of our country's biofuels is
quite high. Biofuels classified as gas (biogas), liquid (biodiesel and bioethanol) and solid (biomass).
Biofuel production has a distinct value in terms of
assessment of domestic resources and environment
[3-5].
Biodiesel is a liquid biofuel obtained by chemical processes from vegetable oils or animal fats and
an alcohol that can be used in diesel engines, alone
or blended with diesel fuel. Biodiesel is gaining
more and more importance especially after the
decree of adding domestic biodiesel to diesel fuel.
Biodiesel is produced from the triglycerides conversion in the oils in methyl or ethyl esters by transesterification way. In this process the three chains
of fatty acids of each triglyceride molecule reacts
with an alcohol in the presence of a catalyst to obtain ethyl or methyl esters. However, any material
that contains triglycerides can be used for the biodiesel production. Among the alternatives as a
vegetal raw material to extract the oil are: palm,
soybean, sesame, cotton, corn, canola, sunflower,
etc. Especially non-edible oils are good alternative
to produce biodiesel. Since cost is the main concern
in biodiesel production and trading (mainly due to
oil prices), the use of non-edible vegetable oils has
been preferred [5-8].
Cephalaria syriaca shrad., in Turkish
pelemir, is mainly grown in the southeastern district of Turkey as a weed in cereal fields. The
pelemir (Cephalaria syriaca L.) belonging to the
family Dipsacacea is an annual plant. It grows
widely in the West Asia and the Mediterranean
region as well as all of Anatolia. Cephalaria has
been found in 1940's, while the total number of 65
species has been determined in the world, and this
number has increased to about 94 today. However,

ABSTRACT
Cephalaria syriaca (Turkish Pelemir) is a traditionally used additive in our country in order to
strengthen the dough structure especially in the
wheat obtained from low quality wheat flour.
Pelemir grows as weeds in cereals fields. Pelemir
seeds contain 20-30% highly unsaturated oils. Most
of edible oil used as feedstock in biodiesel production in Turkey. Pelemir seeds oil are not used as
cooking oil our country. So pHOHPLU¶V plant can be
used for this purpose. It has as a renewable source
of diesel fuel feedstock. In this study, the use of
pelemir seeds oil in biodiesel production was investigated, then it examines the fatty acid composition
produced from this oil and investigates fuel properties. Finally, the oil fuel properties of biodiesel
produced from pelemir were found suitable with
EN14214 biodiesel standards.

KEYWORDS:
Cephalaria syriaca, Pelemir seed oil, biodiesel, energy
crop.

INTRODUCTION
In urban areas, large concentrations of chemical compounds are emitted into the atmosphere by
industries, vehicles and other human activities. A
lot of complex mixture of pollutants can have impacts on health and the environment. In recent decades, there have been concerns with the increase of
anthropogenic pollution that can be seen through
the initiation of programs aimed at improving air
quality in cities around the world. Thus, the improved control of industrial emissions resulted in
the current situation, where in large cities vehicles
are the main source of emissions of air pollutants,
especially carbon monoxide, hydro carbons, nitrogen oxides, aldehydes and metals [1, 2].
Energy with a gaining importance day by day
and limited energy reserves seems insufficient in
the world. In addition, the damages to the environment caused from the energy derived from fossil
fuels cannot be ignored. This situation has made it
necessary to have alternative energy sources around
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portant to use oils that are not considered in the
food sector such as pelemir as raw material in biodiesel production.
In this study, biodiesel (fatty acid methyl esters) were produced from pelemir seed oil (PSO)
and some fuel properties of the methyl esters were
measured and appropriateness of these properties
for the biodiesel standards was investigated.

only Cephalaria syriaca L. species is widely available in all Anatolia [9, 10]. The pelemir, which is
quite resistant to climate, does not have much climate demand. It grows very well in clay and loamy
soil. The soil depth can be raised even in marginal
areas that are not sloping and exposed to erosion,
and yields at satisfactory levels can be obtained.
The growth form of cephalaria is different from that
of wheat. However, the fruit of cephalaria is similar
to a wheat grain in size and shape. Figure 1 shows
Cephalaria syriaca flower, fruit and seeds.

MATERIALS AND METHODS
Materials. Pelemir seeds were brought from
Ankara, Turkey in 2015. Methanol dried and nhexane (96% analytical grade) are purchased from a
local chemical store in Labkim, Istanbul, Turkey.
Analytical grade potassium hydroxide (KOH) is
purchased from Merck, Germany. Electrical mill,
Gerhardt Soxtherm System ST40, BUCHI rotary
vacuum evaporator (Rotavapor R-210), vacuum
pump (V-700), AND assay balancand NUVE mark
NF400 type centrifugal machine are used in laboratory

FIGURE 1
Pelemir (Cephalaria syriaca L.) flower, fruit
and seeds
Pelemir seeds (PS) are used improver of baking value of wheat, and as an antistaling agent for
bread after the oils are extracted. It can be included
in dough formulation to improve nutritional and
keeping quality of organic bread. Pelemir oil is not
used as cooking oil because of the epoxy acid
which is around 7-8% in oil [10-12]. It is suitable
for use in the leather and textile industry due to the
acid it contains. It is suitable for the soap industry
due to the 19-20% myristic acid which it contains.
It is also a concentrate feed source that can be used
in animal feeding after the seeds are oiled. Pelemir
is remarkable as a potential source for biodiesel.
Biodiesel is an alternative fuel for diesel engines. Using biodiesel in diesel engines will provide
great benefits both environmentally and economically. However, the use of edible oil resources for
energy purposes also leads to criticism. The biggest
problem faced by the sector is the provision of raw
material. In our country, which has an increasing
amount of deficiency in oil, this problem is even
bigger and alternative ways are sought. The problem of high feedstock cost can be reduced by the
selection of inedible vegetable oil for the production of biodiesel because the cost of feedstocks
accounts about 80% of the total cost of biodiesel
production [13-16] Because of this, it is very im-

Oil Extraction from Pelemir Seeds. Oils are
extracted from their original source (the seeds or
fruits) using a variety of different methods. The
seed is cleaned and dried and foreign material is
removed. Solvent extraction is used to separate oil
from seeds. The pre-processed seeds are treated in a
multistage counter current process with solvent
until the remaining oil content is reduced to the
lowest possible level. The mixture of oil and solvent is separated by distillation and the solvent is
recycled into the extraction process.
Pelemir seed oil is extracted from the seeds
with n-hexane according to the Association of Official Analytical Chemists (AOAC) official method
963.15. At the end of the process, the oil is separated from the organic solvent using a rotary vacuum
evaporator. The small particles suspended in PSO
are separated centrifugal machine at the speed of
4200 rpm for 40 min. Total oil content is detected
with Gerhardt Soxtherm System ST40. PSO fatty
acids analysis has been determined by using Agilent
6890N gas chromatogram.

FIGURE 2
The mechanism of transesterification process
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ester) was separated from bottom phase (glycerol)
by decantation, then washed for 3 times by a warm
distilled water heated in 40oC to remove the excess
catalyst, unreacted methanol and soaps until the
wash water become clear. Finally pelemir oil methyl ester (biodiesel) was dried at 100oC for 20
minutes. The final product; pelemir seed oil biodiesel (PSOB) was obtained as a clear, light yellow
liquid. After all this stage, the small particles suspended in PSOB are separated via centrifugal machine. Figure 3 shows PSOB.

Production of Pelemir Biodiesel. Vegetable
oil is converted into biodiesel through a chemical
process that produces methyl or ethyl ester. Transesterification is a catalyzed process and traditionally, homogeneous catalysts are employed. The
mechanism of the base-catalyzed transesterification of vegetable oils is shown in Figure 2.
The transesterification reaction is performed in
a laboaratory scale rotary vacuum evaporator. In
this study, for transesterification of PSO, 8:1 molar
ratio of alcohol, 1% (w/w oil) catalyst, 1 h reaction
time and 50 oC reaction temperature are selected.

RESULTS AND DISCUSSION
Physicochemical Properties of Pelemir Seed
Oil. Extracted crude oil from pelemir seed was used
in this study. The fatty acid composition of the oil
plays a significant role when biodiesel is used as
fuel in diesel engine. The crude PSO consisted of
proportion of saturation (57.6%), comprised mainly
of miristic acid (24.62%) and a proportion of unsaturation (42.4%), comprised mainly of linolelaidic
acid (42.4%).
The quality of PSO was expressed in terms of
selected physicochemical properties, such as iodine
value, saponification value, density etc., as shown
in Table 1.
TABLE 1
Physicochemical properties of pelemir oil
FIGURE 3
Pelemir seed oil biodiesel

Density, (25 oC) (g/mL)
Saponification value
Iodine value
Unsaponifiable matter, (%)
Refractive index, (25 oC)
Crude fat (%)

100 g of ground pelemir seeds and 1 g of KOH
is dissolved in methanol were weighted and poured
in to the bottomed flask in rotary evaporator. The
mixture is heated and stirred at 700 rpm for an hour.
After one hour the flask was removed from the
evaporator and the products of reaction were allowed to settle for several hours to produce two
distinct liquid phases. The top phase (crude methyl

Pelemir oil
0.9048
194
89.3
1.22
1.4708
21.62

TABLE 2
Fuel properties of PSOB
Analys
Ester content
Density, 15 oC
Kinematic viscosity
Iodine value
Pour point
Flash point
Heating value
Copper band corrosion
(3 hours at 50 oC)
Total contamination
Total glycerol
Sulphur content
Sulfated ash content

Unit
%(m/m)
g/cm3
mm2/s
g iodine/100 g
o
C
o
C
MJ/kg

Method
EN 14103
EN ISO 3675
EN ISO 3104
EN14111
ASTM D97
ASTM D93
ASTM D 240

PSOB
97.0
0.89
5.72
89.3
-8
135
38.86

EN 14214
min 96.5
0.86 - 0.90
3.5-5
max 120
max 0
min 120
min 35

Diesel No 2
0.82 ± 0.86
2.5 ± 3.5
- 33
> 55
42.7

mg/kg
%(m/m)
mg/kg
% (m/m)

EN ISO 2160

1a

1a

-

EN12662
EN14105
EN ISO 20846
EN ISO 3987

20
0.02
0
0.01

max 0.25
max. 10
max. 0.02

350
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Fuel Properties of Pelemir Seed Oil. Pelemir
seed oil biodiesel produced at the optimum condition (8:1 molar ratio of alcohol, 1% (w/w oil) catalyst 1 h reaction time, and 50 oC reaction temperature) was sent to the fuel Research Laboratory of
TUBITAK Marmara Research Centre for quality
testing. Table 2 shows properties of PSOB in comparison with European biodiesel standard (EN
14214) and diesel No 2. The outcomes of this study
exhibited that almost all of the measured fuel properties of PSOB are in good agreement with the
requirements of EN 14214. According to the analysis results, the kinematic viscosity value of the
PSOB is slightly above the limit. The low iodine
number of pelemir oil makes this plant superior to
most of the oil plants used in biodiesel production.
Sulfur is limited in order to reduce sulfate and
sulfuric acid pollutant emissions and to protect
exhaust catalyst systems. The absence of sulfur
content and the low ash content in this fuel indicate
that the fuel is environmentally friendly. Therefore,
PSOB is an alternative fuel to replace diesel fuel
and will be effective in destroying global energy
crisis and environmental degradation concerns.

CONCLUSION
There are significant advantages in the use of
biodiesel as a replacement of diesel fuel and in
blends. Pelemir is a promising energy crop for bio
oil production with many attributes and considerable potential. Pelemir oil such as a inedible oil is a
very convenient raw material because it does not
threaten the food industry in the biodiesel sector.
All of the measured properties besides kinematic
viscosity of pelemir seed oil biodiesel are being
compared to the current quality requirements according to EN 14214 European biodiesel standarts.
In our country, the standards of biodiesel were
accepted as EN 14214. This study has shown that
PSOB is clean fuel to replace diesel fuel. Pelemir
plants are beneficial to cut down biodiesel cost.
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 and     are
important pathogenic bacteria that responsible for
food-borne diseases. Both microorganism can also
contaminate food environments and they are able to
form biofilms. Recently, researchers focused on
antimicrobial effects of some essential oils. It is
reported that the Carvacrol [2-methyl-5-(1methylethyl) phenol] exhibited strong antimicrobial
activity. In this study, we compared the effects of
carvacrol on planktonic and biofilm forms of 
 spp and    isolates. Our
results showed the dose-dependent and strong antimicrobial activity of carvacrol on planktonic cells
(MIK  0.025). Also, we demonstrated that carvacrol reduced the biofilm formation on granite
surfaces by scanning electron microscope, showing
that this essential oil may be an alternative for 
 and    biofilm control at
early stage in food environments. However, it has
no significant effect in preformed biofilm assays
except 2MIC doses at  spp. Further studies need to understand of antibiofilm effects of
carvacrol.


'&!"
Biofilm, carvacrol,
TEM

an irreversibly attached biofilm emerges [5]. A
number of advantages are provided by biofilm to
the members, such as protecting from disinfectants,
antibiotics and chemicals [6]. Even in case of a
clean food surface, the fact that biofilms are present
constitutes a possible threat, which should be eliminated and the reoccurrence of which should be
prevented [7]. Eliminating planktonic bacterial cells
constitutes the basis of numerous disinfection strategies. Nevertheless, higher doses of disinfectants
are required for biofilm eradication [8]. On the
other hand, the lower susceptibility of mature biofilms to disinfectants when compared to early biofilms is determined [9]. Consumers exhibit an increasing concern regarding the usage of harmful
and toxic compounds as disinfectants in the food
sector, which stimulates the requirement for more
natural and environmentally friendly options for
food [10]. Recently, the effects of essential oils on
bacterial adhesion and biofilm formation on various
surfaces has been shown in numerous studies [11,
12]. Especially carvacrol possesses powerful antimicrobial features against many microorganisms in
planktonic and biofilm forms [13]. Carvacrol represents a phenolic monoterpenoid, which is mainly
present in the thyme essential oil [12]. It induces
significant structural and functional changes in the
cytoplasmic membrane, and the interaction of carvacrol with membrane proteins and some intracellular targets is also possible [14]. It can also alter the
membrane fatty acid composition of microbial cells
[14]. So, both membrane and subsequent intracellular areas can be affected by carvacrol.
The positive impacts of some essential oils for
the prevention or eradication of microbial biofilms
were reported in many studies. Nevertheless, the
number of studies on foodborne pathogens is still a
few. In this study, it was aimed to make a comparison of the effects of carvacrol on the planktonic and
biofilm forms of  spp and   
 isolates by using electron microscopic and
microbiological techniques.

 ,    ,

#!$#
Foodborne diseases increasingly threaten human health with each passing day [1]. 
spp. and     are significant
food-transmitted pathogenic bacteria. They are
known to generate biofilm on biotic and abiotic
surfaces [2]. Biofilm is described as an organised
community, which is characterized by cells that are
attached to surfaces in an irreversible way [3].
Foodborne pathogens including    
 and  spp., are easily transferred
from biofilms on variety surfaces to foods and it
leads to numerous diseases [4]. After adhesion,
bacterial cells are embedded in a matrix of EPS and

7270

! 

"  





   


#!"#"

99-5:1)3 613 +64765-5: )5, *)+:-81)3
9:8)159 Carvacrol (≥98% pure) was purchased
from Sigma–Aldrich Chemie GmbH, Germany. For
study, eight biofilm positive  spp. and
six    isolates were obtained from
Eskisehir Food Control Laboratory. Isolates were
deposited in Tyrpcase Soy Broth (TSB) with 12.5
% glyserol for stock. They were cultivated in TSB
at 35 °C for incubation and biofilm studies. 
  ATCC 7644 was also used to control
microorganisms as highly biofilm producer.

..-+: 6. +)8<)+863 65 73)52:651++-339 5
:1*)+:-81)39;9+-7:1*131:=:-9:The minimum inhibitory concentration (MIC) of carvacrol was determined using the broth microdilution method according to M7-A8 of the Clinical Laboratory Standards
Institute [15]. Carvacrol was introduced into
Mueller Hinton Broth (MHB) at a concentration of
0.0015%, 0.003%, 0.006%, 0.013%, 0.025%,
0.05%, 0.1%, 0.2%, 0.4% and 0.8% (vol/vol) to
determine the minimum inhibitory concentration
(MIC) and the maximal tolerated concentration
(MTC) for each isolates evaluated. Ampicillin was
used as a standard drug against     
ATCC 25922. All the experiments were performed
in triplicate and results were averaged [15].

on JEOL transmission electron microscope (JEOL
JEM 1220).
..-+: 6. +)8<)+863 65 *16.134 .684):165
"+)5515/ -3-+:865 41+869+67= In our study, the
effect of carvacrol on the ability of  and
   isolates to form biofilms was
analysed on granite surfaces by Scanning electron
microscope (SEM). In our previously studies,
strongest biofilm formation was shown on granite
surfaces by   and    isolates [18]. So, granite was chosen as surface in
study. Granite blocks were cutted as surface area of
each piece was 1cm2 coupons and cleaned by 70%
ethanol 10 min. They were washed with sterilized
distilled water, dried for 2 hours at 60 ºC and autoclaved at 121 ºC for 15 minutes. Then they were
replaced in 24 well plates for designated time (6.,
24. and 48. hours), separately. Carvacrol was prepared in Trypticase Soy Broth (TSB) at different
MIC concentrations (2xMIC, MIC and 1/2 MIC)
and these dilutions were added to each well. The
turbidity of the bacterial suspension was adjusted to
0.5 Mc Farland. Each well of 24 well plates was
inoculated with 1-5x104 bacterial cells. Inoculated
TSB without carvacrol was included as positive
control for biofilm formation. Plates were incubated
at 37 ºC and at 6., 24. and 48th h., samples were
taken for SEM analysis. For this purpose, samples
were placed in 2.5% glutaraldehyde (prepared in
0.1 M phosphate buffer, pH 7.4) for 24 hours at 4°C
as a primer fixation step. They were then rinsed
twice with 0.1 M phosphate buffer (pH 7.4), postfixed using 1% osmium tetroxide for 1 hour at room
temperature, and finally rinsed with distilled water.
Next, the specimens were dehydrated using graduated concentrations of ethyl alcohol (30%, 50%,
70%, 90%, and 96%) for 15 minutes each followed
by absolute alcohol for 30 minutes. All samples
were air dried and coated with gold with a Polaron
SC7620 Sputter Coater was used [18]. Finally, each
specimen was examined using a JEOL scanning
electron microscope (JEOL JSM-5600LV).

#8)594199165 -3-+:865 41+869+67= #
In our study, TEM were used to evaluate the morphological alterations on planktonic cells of carvacrol. For this purpose, two isolates that have
lowest MIC values were taken to study (8S and
13L). 10 mL of cell suspensions were exposed to
2xMIC, MIC and ½ MIC concentration of carvacrol
and then were incubated at 37 °C for 48 hours. The
control group without carvacrol was also included.
The cell suspensions were centrifuged in sterile
plastic centrifuge tubes at 5000  for 15 min and
were washed with three consecutive (10 min) washes with PBS (phosphate buffered saline buffer).
Then the supernatant was discarded and the pelleted
cellular content was fixed with 2.5% glutaraldehyde
in PBS (pH = 7.4) at overnight 4°C. Samples were
then post-fixed for 2 h in 1% osmium tetroxide
dissolved in PBS buffer at room temperature and
washed in PBS (three times, 15 min each). Fixed
cells were embedded in 5% agar and were stained
en-block with uranyl acetate 1%. Then they were
dehydrated in ethanol in a graded series of 40%,
60%, 75%, 80% and 95% dilutions for 15 min each.
A final dehydration step was treated for 1 h in
100% ethanol with changes every 30 min. Epoxy
resin was used to embed the post-fixed samples for
48 at 60°C. Ultra thin sections of the embedded
samples (60 nm) were prepared by Leica Ultracut
and double stained with uranyl acetate and lead
citrate [16, 17]. Morphology of cells was observed

..-+: 6. +)8<)+863 65 -9:)*3190-, *16.134
The effects of carvacrol on preformed  
spp and    biofilms were determined by crystal violet assay and bacterial enumeration tests.

8=9:)3<163-:)99)=The aim of this test is to
determine the efficacy of carvacrol for biofilm
biomass reduction and it was based on previously
described method [2]. For study, the wells of a
sterile 96-well flat- bottomed polystyrene microplate, were filled with 230 µl of the TSB. The negative control wells contained TSB only. A quantity
of 20 µl of overnight bacterial culture was added
into each well. Each strain was tested in triplicate.
The plates were incubated for 24 h at 37°C. The
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content of the plate was poured off and the wells
washed three times with 300 µl of sterile distilled
water. The remaining attached bacteria were fixed
with 250 µl of methanol per well, and after 15 min
microplates were emptied and air dried. The microplates were stained with 250 µl per well of Crystal
violet for 5 min. Excess stain was rinsed off by
placing the microplate under tap water. After the
microplates were air dried, the dye bound to the
adherent cells was resolubilized with 250 µl of 33%
(v/v) glacial acetic acid per well. The optical density (OD) at 490 nm, -630 nm and 490-690 nm was
determined using a microplate reader (ChroMate
4300 reader). Each experiment was performed in at
least two replicates.

5;4-8):165 6. *)+:-81)3 *16.134 Biofilm
was prepared in 96-well microtiter plates, as described above. After incubation with carvacrol at
different concentrations, the biofilm was washed
twice with 200 μl of PBS. The wells were thoroughly scraped and resuspended in 1 ml of PBS, followed by centrifugation for 10 min at 10.000 g. The
pellet was resuspended in PBS and washed twice.
Appropriate dilutions were made in PBS and the
viable bacteria were determined by plating 100 μl
of the dilutions in triplicate on TSB plates, then
incubating for 24 h at 37 °C. The reduction of bacterial viability after exposure of biofilms to different MIC concentrations were counted [19].

":):19:1+)3 )5)3=919 Statistical differences
were tested accordingly by t-test to compare the
means of control and carvacrol added groups in
order to determine whether there is statistical evidence that the associated averages means are significantly different.

 isolates are summarized in Table 1. The MIC
of different isolates of  spp. was found to
vary from 0.0015% to 0.025%. For   
 isolates, MIC results were also 0.0015%0.013%. As seen in both tables, carvacrol showed a
high antibacterial potential with very low MIC
values on planktonic cells of  spp and 
  (MIK  0.025). These values are
consistent with previously reported values [21].
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 spp and   are important
foodborne pathogens. These microorganisms have
also high ability to produce biofilms on variety food
processing area [2, 18]. Bacterial cells within biofilms are more resistant to antimicrobials and disinfectants than their planktonic forms [20]. This resistance causes serious medical, veterinary and
industrial problems. Recently, alternative strategies
or more effective agents against biofilm-producing
microorganisms are of great interest [21]. Therefore, studies about the use of carvacrol as an antimicrobial and antibiofilm has attracted much attention.
In the present study is focused on the investigation of effects of carvacrol on plaktonic and biofilm forms of    and   
 isolates. The antibacterial activities of
carvacrol against  spp and   
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Secondly, we assessed the efficacy carvacrol on
inhibiting the growth of planktonic  8S
cells by TEM analysis. As seen in Figure 1, control
  cells showed well-conserved morphological properties, with cytoplasmic membrane and
cell-wall structure. Cells of exposed to 2xMIC
concentration of carvacrol exhibited bubble appearance, plasmolysis, cytoplasm loss in some cells and
cytoplasm condensed in some cells. At MIC concentration, some cells exhibited healthy findings but
some cells were observed with condensed cytoplasm. On the other hand, at ½ MIC concentration,
cell wall and membrane damage with irregular
shape was shown in some cells and nuclear area
was on the edge of cell. Also some cells stained
deepen (Figure 1).

and cell fragments were seen. Cells of exposed to
MIC concentration of carvacrol exhibited disorganized cell structure. The cytoplasm was disorganized and the inner and the outer membrane were
separated, the integrity of the outer membrane,
however was not maintained in some case. Intracytoplasmic changes were apparent and the cytoplasm showed very dense at certain regions and
unsymmetrically distributed in the cell. In addition,
coagulated material accumulated close to the cell
wall. Ghost cells were also seen rarely. At ½ MIC
concentration, few plasmolysis and bubble formation were seen in some cells. However, normal
cell structure was also seen in some cells (Figure 2).
So far, many studies indicated that carvacrol
has both bacteriostatic and bactericidal activity
against    and  spp [14,
22]. Furthermore, it is well known that carvacrol is
an effective natural antimicrobial. Nevertheless, its
mechanism of action is less understood and is considered to have an association with damage to the
cell membrane [14]. Due to the fact that carvacrol
and all essential oils represent complex mixtures of
a number of compounds, it is not possible to attribute their antimicrobial activity to one particular
mechanism, but several targets are present in the
cell [23, 24]. Carvacrol represents the most frequently used and most popular terpenoid, and the
antimicrobial activity of the majority of terpenoids
is associated with their functional groups and the
hydroxyl group of the phenolic terpenoids [14, 23].
On the other hand, in accordance with another hypothesis, there is not a relation between the antimicrobial activity of carvacrol and hydroxyl groups,
but it is linked to non-hydroxyl groups [25, 14].
Some authors have also indicated that the membrane fatty acid composition of microorganisms can
be altered by carvacrol [26]. Moreover, there are
some evidences that carvacrol may effect the
periplasmic enzymes and membrane proteins and it
may have intracellular targets [14]. In the study
conducted by Xu et al. [27], it was indicated that the
cytoplasmic membrane was disrupted by carvacrol,
and it caused an increase in its permeability. In the
present study, the strong antibacterial effect of
carvacrol has been exhibited and according to the
MIC and TEM findings, carvacrol has induced
morphological changes of   spp and 
  in a direct way. The TEM results of
this study presents similar data to results obtained
by other researchers on the ultrastructural effects of
various essential oils against bacteria [28, 29].
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The morphological alterations of  
 13L isolate caused by treatment with carvacrol at different MIC concentration are shown in
the TEM micrographs in Figure 2. Control cells
showed intact outlined cell wall and plasmalemma
lying closely to the cell wall. In treated cells with
carvacrol at 2xMIC concentration, advanced damage was seen in cells. Ruptures, irregular shapes

..-+: 6. +)8<)+863 65 *16.134 .684):165
"+)5515/ -3-+:865 41+869+671+ .15,15/9 Our
SEM analysis showed similar findings for both
isolates (8S and 13L). Carvacrol at MIC and 2x
MIC concentrations was more effective at reducing
the amount of  8S and  
13L isolates biofilms on granite surfaces and no
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growth observed in all experiments compared to the
control group (Figure 3-4). At sub-lethal concentration, there was no bacterial growth or biofilm after

6 and 24 hours of exposure to carvacrol. However,
at 48th h, we observed only weak adhesion and
bacterial fragments on granite surfaces (Figure 3-4).
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The effect of different carvacrol concentrations on
the biomass of preformed (48 h) biofilm was determined by crystal violet and bacterial enumeration
tests. Our crystal violet results showed that reduction in preformed biofilm was reduced by treatment
at MIC and 2xMIC concentrations for both isolates.
However, sub MIC concentration of carvacrol did
not decrease the biofilm biomass (Figure 5). In
contrast, it induced the biofilm formation. Bacterial
enumeration test results also confirmed these data
(Table 2). Therefore, statistical analysis was performed using a t-test. There are only a statistically
significant difference (Sig.(2-tailed) < 0.05) between the groups with
  spp. control
group and 2MIC group. Carvacrol at 2MIC concentration significantly reduced biofilm on  
spp isolate.

terial motility and virulence at sublethal concentrations. In the studies of Nostro et al. [21, 31], the
effectiveness of the vapor forms of carvacrol, oregano oil and thymol at preventing the formation of
biofilm in addition to eradicating the preformed
biofilms of   and   has been
exhibited. Furthermore, in the study of Burt et al.
[32], it was reported that carvacrol decreases the
formation of biofilm by   
  (0.1–0.3 mM),
  
(0.75–1.25 mM) and   (0.5–1 mM). However, no impact on bacterial growth has been detected at these concentrations. The fact that carvacrol did not influence the preformed biofilms.
In the study conducted by Sony et al. [33], it
was indicated that oregano oil, thyme oil and carvacrol decreased the amount of biofilm produced by
the   strains at 0.012% Desai et al.
[34] reported that 0.025% (1.7 mM) carvacrol reduced preformed biofilms of    In
also our study, carvacrol reduced biofilm biomass
and cell viability on preformed biofilms (48 h) at
2xMIC and MIC concentrations however it has no
significant effect statistically. However, only 2 MIC
doses of carvacrol significantly reduced the biofilm
in  spp according to t-test. On the other
hand, ½ MIC dose of carvacrol increase the biofilm
biomass and viability, but this increase was not
significant statistically. In a similar study, Kumar
Yadav et al. [35] showed that Eugenol at MIC or
2×MIC concentrations eradicated the preestablished biofilms of MRSA and MSSA clinical
strains and similarly, the number of viable bacteria
and biofilm biomass were significantly decreased in
eugenol-treated biofilms These researchers indicated two sequential eradication mechanisms: the first
one of which is the lysis of microorganisms within
biofilm and the second one is the disruption of cellcell connections and biofilm organization [35].
Nevertheless, the mechanisms lying behind the
eradication of biofilm have not been clarified completely, and more studies on this subject are required.
Our SEM results also demonstrate biofilm
eradicating effect of carvacrol on  spp
and    isolates on granite surfaces
and at early stage (6-24 h). However, we observed
weak adhesion and bacterial growth at 48th h. The
present study demonstrated that carvacrol has
strong antibacterial activity and could induce morphological changes of planktonic
 spp
and    cells. It damages the cell
membrane and cause leakage of intracellular cell
components. According to the SEM results, carvacrol reduced biofilm formation by  spp
and   at MIC (0.015%) and 2xMIC
(0.03%) concentrations at early stage. However it
has no significant effect in preformed biofilm assays except 2MIC doses at  spp. statistically. However, although not statistically signifi-
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The usage of carvacrol as an antimicrobial
agent represents an effective option for the control
of  spp and    control,
however, the effects of carvacrol on the formation
of biofilm of the these microorganisms have been
indicated in a limited number of studies [12]. Inamuco et al. [30] showed carvacrol reduced of bac-
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cant, there is an also increase in both bacterial enumeration and absorbance results of cristal violet
experiments at ½ MIC concentration. We think that
½ MIC concentration may induce stress response
and lead biofilm formation.
In conclusion, present study indicates the possible use of carvacrol as a daily surface disinfectant
and its possible use in antibiofilm agent against
 spp and     prevent
the biofilm formation. However it is not suitable for
use to eradicate established biofilm. However,
much more study need to understand of antibiofilm
effects of carvacrol.
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PRODUCED FROM CORN AND COTTON WASTES
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duction, which is nearly doubled, is seen in petroleum. Energy production from combustible renewable
fuels and wastes decreased from 10.5% in 1973 to
10.3% in 2014. On the other hand, in Organization
for Economic Co-operation and Development
(OECD) countries, the amount of energy produced
from petroleum has decreased considerably. In
OECD countries, the share of oil in primary energy
production decreased from 52.6% in 1973 to 36.1%
in 2014. However, the share of combustible renewable resources and wastes in energy production rose
from 2.3% in 1973 to 5.8% in 2014 [1@. When the
distribution of energy consumption according to the
fuels in the world is taken into account, electricity
consumption has almost doubled, with oil being the
biggest share. There has been a decrease in the
consumption of combustible renewable resources
and wastes. While the share of oil in world energy
consumption was 48.3% in 1973, it decreased to
39.9% in 2014. The share of combustible renewables and wastes in energy consumption decreased
from 13.1% in 1973 to 12.2% in 2014 [1@.
The largest share of energy generation and
consumption in the world belongs to fossil fuels.
With increasing use of fossil fuels, CO2 emissions
are increasing over the years. Total CO2 emissions
from fossil fuel use in the world reached 32 381 Mt
in 2014, from 15 458 Mt in 1973. When the total
CO2 emissions in the world are analyzed according
to the types of fuels, it is reported that the CO 2
emissions caused by petroleum-based fuels decrease and the CO2 emissions resulting from the use
of coal and natural gas on the other hand decrease.
The share of oil in total CO2 emissions caused by
the use of fossil fuels in the world decreased from
49.9% in 1973 to 33.9% in 2014. On the other
hand, CO2 emissions from coal and natural gas use
increased from 35.6% (coal) and 14.4% (natural
gas) in 1973 to 45.9% (coal) and 19.7% (natural
gas) in 2014, respectively [1@.
Today, energy systems are generally based on
the use of fossil energy resources and the amount of
consumption is rapidly increasing day by day as the
amount of consumption increases. This increase in
fossil fuel consumption has already threatened the
future of our world. Today, high levels of greenhouse gases (CO2, CH4, N2O) arise as a result of

ABSTRACT
In this study, it is aimed to produce pellets for
use as solid biofuel from corn stem and cotton
shoes. Some thermo-chemical characteristics such
as higher and lower heating values, hydrogen and
total Sulphur contents, the moisture content in dry
air, the total moisture at original basis and the volatile matters of the produced biopellets were determined based on the international standards. The
determined thermo-chemical properties of the produced biopellets are compared to the standards used
in the European Union for biomass-produced pellets. The moisture content of the corn and cotton
pellets in dry air were determined to be 4.17% and
5.63%, respectively the moisture content of the corn
and cotton pellets in dry air were determined to be
4.17% and 5.63%, respectively. The volatile matter
content of the corn and cotton pellet samples in dry
basis were determined to be 75.58% and 74.52%,
respectively. The total Sulphur contents of the corn
and cotton pellets in dry basis were determined to
be 0.16% and 0.14%, respectively. The gross calorific value and the net calorific value of pellets
produced from cotton and corn wastes in all states
are suitable to the EN 14918 standard. The gross
calorific value of cotton pellets in dry basis (19.46
MJ/kg) was determined to be about 6.53% higher
than that of corn pellets (18.19 MJ/kg). The the net
calorific value of cotton pellets (18.29 MJ/kg) in
dry basis was determined to be about 8.89% higher
than that of corn pellets (17.03 MJ/kg).

KEYWORDS:
Corn wastes, cotton wastes, biopellet production, pellet
characteristics

INTRODUCTION
Total primary energy production in the world
has shown an increasing tendency in the period
between 1973 and 2014. The greatest reason of this
situation is the need for more energy together with
increasing population and technological developments. The largest increase in primary energy pro-
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warming activities of industrial production facilities, motor vehicles and residences, which usually
use fossil fuels by conventional methods. The International Energy Agency (IEA) has explained that
greenhouse gases (GHGs) cause adverse effects on
the environment and human health, such as air
pollution and climate change. It is also estimated
that 99.5% of the GHGs in the atmosphere are from
fossil fuel sources [2@. Because of the use of fossil
fuel resources, one third of the world's natural resources, 12% of the forests, one third of the oceanic
biological diversity, and 50% of the freshwater
waters are destructed [3@. According to the IEA
estimates, the average annual increase in world
energy demand between 2008 and 2030 is expected
to be 1.6%. At the end of this period, it is expected
that total energy demand increase to 45% by 2030
[3@. The IEA states that between 2010 and 2035,
93% of the increase in energy demand will come
from developed countries [2@.
CO2 emissions increased from 20.9 Gt in 1990
to 28.8 Gt in 2007 and are expected to rise to 34.5
Gt in 2020 and to 40.2 Gt in 2030 with an annual
increase of 1.5%. Besides, it is expected that the
GHGs that will emerge due to the energy production of the developing countries in the next 20 years
will increase by 50% [2@. Fossil fuels cause adverse
consequences such as acid rain to increase emissions of GHGs, increase greenhouse effect, release
volatile organic compounds and radioactive substances, and damage the ozone layer. It is predicted
that global CO2 emissions, which remained almost
constant in the last three years, may rise again in
2017. According to a statement made by the Global
Carbon Project [4@ based on data not yet finalized,
CO2 emissions from human activities will increase
by 2% in 2017. The main factor in this increase is
that consumption of coal in China has started to
increase again. China will be responsible for 30%
of global emissions alone, with CO2 emissions rising by 3.5% in 2017. It is reported that the slowing
of the US and European economies in decarbonization will be another important factor in the increase
of emissions.
According to the studies, in 2015, the share of
renewable energy in world energy production was
10.3%. This means that about 1.5 Gt of CO2 emission is prevented. According to the "Global Trends
in Renewable Energy Investments 2016" report,
prepared annually by the United Nations Environment Program (UNEP), investments in renewable
energy sources in 2015 are about $ 266 billion. The
investments made to produce energy from fossil
fuels in 2015 are about 130 billion dollars. Accordingly, renewable energy investments in the world
for 2015 are more than twice as much as investments aimed at producing energy with fossil fuels.
This suggests a structural change in energy production. As a result of these investments made in renewable energy in the world, 134 GW of new ener-

Fresenius Environmental Bulletin

gy production was provided in 2015 [2@. For these
reasons, in Turkey which is poor in terms of fossil
resources, production based on renewable energy
resources has become a subject of great interest in
recent years in order to meet the increasing energy
demand, to import less energy and to produce environment friendly energy. In Turkey as well, priority
is given to strategic planning to ensure resource
diversification by prioritizing domestic resources
and to increase the share of renewable energy resources in energy supply. In this context, in order to
reduce the external dependency rate of 73% on
energy, it is aimed that the share of renewable energy resources in electric energy production in 2023
should be at least 30%.
The conventional use of biomass for energy
continues in several parts of the world, but it has
generally been replaced by fossil fuels in large scale
power generation, industrial production, and transportation. However, in recent years, biomass utilization has received increasing attention for its role
in providing renewable sources of energy, chemicals, and other industrial products, at higher efficiencies and with greater selectivity than previously
possible [5, 6@. One of the effective methods for
using agricultural residues as improved solid fuels
is pelletizing. In recent years, pelletization has become increasingly prevalent and the use of pellets
has become widespread. Several studies have established concerning renewable energy generation, and
its links with energy conservation, environmental
degradation and economic growth [7-15], evaluation of agricultural wastes for solid biofuel [16-20]
and production and characteristics, utilization and
combustion, technical and economic assessment life
cycle assessment and environmental evaluation of
biomass pellets [21-33]. The evaluation of agricultural wastes in the form of solid fuel as a source of
energy is of great importance in Turkey as well as
in the whole world. One of the easiest and most
effective ways to generate energy from agricultural
wastes is to use these wastes as solid fuel. However,
the most important problem encountered in using
vegetable wastes as solid fuel is the low density of
vegetable wastes and the high moisture content.
Low density and high moisture content also bring
with it transportation and storage problems. For this
reason, one of the methods to be applied in order to
use vegetable wastes efficiently and easily in order
to produce energy is to dry these wastes and to
pellet them after grinding.
The pellet has a small, cylindrical shape resembling animal feed. Biomass pellets are generally
612 mm in diameter and 1030 mm in length. The
process of bringing the material into a smaller size
(about 30 mm) under pressure is called pelletizing.
Pellets can be produced from materials such as
wood chips, wood chips, tree bark, agricultural
products, grains, nuts, almonds, walnut shells, and
even paper. Biological crops such as corn cobs, beet
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through pelletization will provide for the economization of waste and will partially or even reduce
Turkey's external dependency on energy. Biomass
is composed of a large number of organic compounds, moisture and small amounts of cadmium.
Organic compounds mainly contain carbon, hydrogen, oxygen and nitrogen as well as chlorine and
sulfur elements. Plant biomass contains 4045%
cellulose, 2535% hemicellulose, 1530% lignin
and up to 10% other ingredients [36@. In this study,
biopellets were produced from residual waste as a
result of corn and cotton production. For this purpose corn stems and cotton shoes were used to
produce biopellets. Some thermo-chemical characteristics such as the gross and the net calorific values (GCV and NCV), hydrogen (H2) and total sulphur (S) contents, the moisture content in dry air,
the total moisture at original basis and the volatile
matters of the produced biopellets were determined
and compared to the standards used in the European
Union for biomass-produced pellets.

pulp, sunflower spices, dried olives, cherry seeds
and soybean can also be used in the production of
pellets. The pelletizing process increases the density
of the material, reduces transportation, storage and
transport costs, and ensures homogeneity in size
and shape can be fed automatically to the combustion systems for thermal purposes, thus enabling
more efficient use of the material. Agricultural
wastes can be used singly or as a solid fuel by mixing. In this case, when the wastes with higher quality and higher thermal value are used together with
wastes with lower thermal value, the thermal value
of the mixture is increased. High quality agricultural wastes, in terms of thermal value and ash content,
are used as solid fuel in excess amount when they
are mixed with agricultural wastes which are high
in quantity and low in thermal value. Among the
remaining wastes from field crop production, the
thermal values of rice paddy and rice paddy are the
lowest values (14.65 MJ/kg). The fact that the values of thermal values, humidity, ash and flue-gas
emissions of agricultural wastes are better than
lignite coal indicates that these wastes are sustainable solid fuel sources that can be used instead of
fossil coals [34@.
In today's Turkey, some industries are benefiting from agricultural wastes on a small scale. Nevertheless, the private sector is not yet sufficiently
interested in the biomass and solid waste-based
power plants, due to the financial and technical
obstacles to the use of biomass energy in Turkey,
and the inadequacy of policy and market instruments. The fact that any residual vegetable waste is
not evaluated and destroyed as a result of agricultural production seriously causes environmental
pollution and creates economic loss. The aim of this
study is to improve the use of agricultural biomass
resources in Turkey by using sustainable methods
and taking into account the environmentaleconomic-social benefits of new technologies [35@.
The pelletization of corn waste has reduced storage
and transport costs and improved combustion characteristics, resulting in a cheap, quality, environmentally friendly, domestic and renewable biomass
solid fuel. In this study, it is aimed to produce pellets for use as solid biofuel from the remaining
biomass materials. The pelletizing process will
facilitate the transport and storage of residues and at
the same time reduce shipping costs. Most importantly, the evaluation of such biomass materials

MATERIALS AND METHODS
Pelletization process. Corn and cotton pellets
were produced at a pellet production facility in the
Adana (Turkey) Organize Industrial Zone. Corn
stems and cotton shoes were passed through the
mill and made into small powder. Then, the powdered material was dried in the oven to reduce the
humidity. The dried material was pelletized by
pressing under high pressure. The pressed material
was cooled and ready for use at the end of packaging.
Roller presses are used in biomass pelletizing
machines. Small press (approx. 30 mm) is used in
the cylinder presses. For this reason, this type of
press is also called pellet press. There are a number
of molds arranged in thick steel discs or holes
drilled on the ring. The material is forced into the
molds by means of 2 or 3 cylinders. The process
flow and main components for biomass pelletization is given in Figure 1. Biomass pellet production
consists of following processes; raw materials,
screening, drying, cyclone separation, forming
granulation, cooling, screening, finished products.
At the same time, each part is equipped with strict
quality control system to ensure the product quality.

FIGURE 1
Biomass pellet process flow diagram [37@@
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Some of the thermal and chemical properties
of the biopellets produced from corn and cotton
wastes are determined according to the test standards of the International Organization for Standardization (ISO) given in Table 1. ISO is a worldwide
federation of national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees.

Determination of chemical and thermal
characteristics of biopellets. Some specific characteristics of the biomass to be evaluated as fuel affect
the thermal transformation processes. In order to
determine these properties, two different methods
are applied: elemental composition and partial analysis. Biomass fuels are characterized by their properties determined by elemental and proximate analysis. Biomass fuels can be directly burned to obtain
heat or steam. The proximate analysis is the process
of determining moisture, volatile matter, bound
carbon and ash content by specific methods. In this
analysis, the sample is heated under certain conditions to determine the distribution of the products it
contains. Proximate analysis gives the moisture,
volatile matter, ash and thermal value of the biomass. As defined by ASTM D 121, the products in
the proximate analysis are divided into four groups:
1) moisture, 2) volatile matter consisting of gases
and vapors that are evolved during pyrolysis, 3)
bound carbon which is the non-evaporating portion
of the material, and 4) ash as the remaining inorganic matter after the burning. Proximate analysis is
usually carried out to determine the characteristics
related to the use of fuels [38@.
The composition of hydrocarbon fuels is defined based on the basic elements except for moisture and inorganic components (ash). Elemental
analysis is the process of determining the ash percentages of carbon (C), hydrogen (H2), nitrogen
(N), sulphur (S), chlorine (Cl) and oxygen (O2) in
the gaseous products and after the sample of organic material has completely burned. Elemental analysis devices are devices that determine the quantities
of these elements in the structure of the material.
Elemental analysis equipment works according to
the combustion principle. When a sample material
known mass is given to it, it burns it and keeps the
gases that are released in the C, N and H2, sometimes in the columns containing S and O2, and gives
the ratio between the mass of the first given substance and the masses of the elements held in the
column as a percentage. The samples, which are
gasified in the first stage, are sent to a chromatographic column with an inert gas. Here, the samples
are burned with O2 gas. Usually the carrier inert gas
is helium (He). The gas mixture is sent to the oxidizing catalyst (CuO) zone in order to perform the
quantitative combustion process. Then, in a reduction zone where copper (Cu) is present, C, H2, N
and S are converted into CO2, H2O, N2, SO2 gases,
respectively. After the gases formed and separated
are individually trapped in special holding columns,
the amount of each of them is determined by means
of a thermoconductive detector (TCD or thermal
conductivity detector). An electric signal proportional to the amount of each gas is obtained. This
electrical signal then gives the percentage of the
elemental composition, for example, proportional to
the area of the curve obtained in the spectrum.

TABLE 1
Standards of tests for biopellet characteristics
Parameters
Total moisture (%)
Moisture content (%)
Ash (%)
Volatile matter (%)
Total sulphur (%)
Hydrogen (%)
Gross Heating Value
(GHV)
Net Heating Value
(NHV)

Standards of
tests
ISO 589
ASAE D245.6
ISO 1171
ISO 562
ISO 351
ISO 1928
ISO 1928

References

ISO 1928

[44@

[39@
[40@
[41@
[42@
[43@
[44@
[44@

Total moisture. Moisture is an important parameter in respect of biomass fuel quality. The
moisture content of biomass fuel is not an absolute
value and conditions for its determination have to
be standardized. The total moisture (%) of the pellets was determined according to the ISO 589
standard [39@. This International Standard describes
two methods for determination of the total moisture
content of hard coals, a two-stage method and a
single-stage method. For either method there is a
choice between drying in air and drying in a nitrogen atmosphere. It is always necessary that the
determination of the total moisture content of biomass fuel be considered in close connection with
sampling. A major problem with the preparation of
test samples for the determination of moisture is the
risk of bias due to inadvertent loss of moisture. This
is dependent on the tightness of the sealing of sampling containers, the level of moisture content in the
sample, the ambient conditions, the type of coal and
the reduction and division procedures used. Depending on the mass, the nominal top size and the
facilities available where samples are taken, it is
possible to dry the sample directly after sampling
(air-drying), then to reduce the particle size and
prepare a test sample for determination of moisture
in the air-dried sample. Alternatively, the whole
sample may be transported to the laboratory and the
total moisture determined.
Moisture content. The moisture content of
the biomass material was measured in two steps,
before and after pelletizing. The moisture content
(%) of the pellets was determined according to the
ASAE D245.6 standard [40@. For this purpose, the
biomass material was stored in a drying oven at 105
°C for 24 hours. Moisture contents were determined
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measured with a thermocouple. Normally, the furnace is designed specifically either for multiple
determinations using a number of crucibles in one
stand or for receiving one crucible and its stand. In
the first case, the zone of uniform temperature shall
be at least 160 mm × 100 mm; in the latter case, a
zone with a diameter of 40 mm is sufficient [42@.

according to wet basis, taking into account the
masses measured before and after drying.
Ash. The ash (%) of the pellets was determined according to the ISO 1171 standard [41@.
This International Standard specifies a method for
the determination of the ash of all solid mineral
fuels. The test portion is heated in air at a specified
rate up to a temperature of 815 °C ± 10 °C and
maintained at this temperature until constant in
mass. The ash is calculated from the mass of the
residue after incineration. Two furnaces may be
used, one capable of achieving an adequate zone at
a uniform temperature of approximately 500 °C and
the second capable of maintaining a temperature of
815 °C ± 10 °C. The biomass fuel used for the determination of ash is the general analysis test sample (ground to pass a sieve of 212 μm aperture).
The sample should be well mixed and in moisture
equilibrium with the laboratory atmosphere [41@.

Total Sulphur. The total Sulphur (%) was determined according to the ISO 351 standard [43@.
This International Standard specifies a method of
determining the total Sulfur content of hard coal,
brown coal and lignite, and coke by high temperature combustion. A known mass of a Sample of
coal or coke is burnt in a stream of O2, in a tube
furnace at a temperature of 1 350 qC. The acid gases formed (chlorine and oxides of Sulfur) are absorbed in hydrogen peroxide and subsequently
determined titrimetrically. A correction is made to
take account of any chlorine liberated and a suitable
combustion additive prevents the retention of Sulfur
in the ash.

Volatile matter. The volatile matter (%) was
determined according to the ISO 562 standard [42@.
This International Standard specifies a method of
determining the volatile matter of hard coal and of
coke. In this International Standard the volatile
matter is determined as the loss in mass, less that
due to moisture, when fuel is heated out of contact
with air under standardized conditions. The test is
empirical and, in order to ensure reproducible results, it is essential that the rate of heating, the final
temperature and the overall duration of the test be
carefully controlled. It is also essential to exclude
air from the coal or coke during heating to prevent
oxidation. The fit of the crucible lid is, therefore,
critical. The moisture content of the sample is determined at the same time as the volatile matter so
that the appropriate correction can be made. Mineral matter associated with the sample can also lose
mass under the conditions of the test, the magnitude
of the loss being dependent on both the nature and
the quantity of the minerals present.
A portion of the sample is heated out of contact with air at 900 °C for 7 min. The percentage
mass fraction of volatile matter is calculated from
the loss in mass of the test portion after deducting
the loss in mass due to moisture. Cyclohexane recognized analytical grade is used as reagent. Furnace, heated by electricity, in which a zone of uniform temperature of 900 °C ± 5 °C can be maintained. It may be of the stop-ended type or fitted at
the back with a flue approximately 25 mm in diameter and 150 mm long. It is important for furnaces
with flues that the furnace door seal well. The flue
should not reach far out of the oven and should be
fitted with a butterfly valve to restrict airflow
through the furnace. Its heat capacity shall be such
that, with an initial temperature of 900 °C, the temperature is regained within 4 min after insertion of a
cold stand and its crucibles. The temperature is

Hydrogen and calorific values. The H2 (%)
and the gross and net calorific values (GCV and
NCV) were determined according to the ISO 1928
standard [44@. This International Standard specifies
a method for the determination of the gross calorific
value (GCV) of a solid mineral fuel at constant
volume and at the reference temperature 25 qC in a
bomb calorimeter calibrated by combustion of certified benzoic acid. The result obtained is the GCV of
the analysis sample at constant volume with all the
water of the combustion products as liquid water. In
practice, fuel is burned at constant (atmospheric)
pressure and the water is not condensed but is removed as vapour with the flue gases. Under these
conditions, the operative heat of combustion is the
net calorific value (NCV) of the fuel at constant
pressure.
Gross Calorific Value (GCV). A weighed
portion of the analysis sample of the solid fuel is
burned in high-pressure O2 in a bomb calorimeter
under specified conditions. The effective heat capacity of the calorimeter is determined in calibration experiments by combustion of certified benzoic
acid under similar conditions, accounted for in the
certificate. The corrected temperature rise is established from observations of temperature before,
during and after the combustion reaction takes
place. The duration and frequency of the temperature observations depend on the type of calorimeter
used. Water is added to the bomb initially to give a
saturated vapour phase prior to combustion, thereby
allowing all the water formed, from the H2 and
moisture in the sample, to be regarded as liquid
water. The GCV is calculated from the corrected
temperature rise and the effective heat capacity of
the calorimeter, with allowances made for contribu-
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of experiment is essentially the same. In fact, the
overall similarity is a requirement for proper cancellation of systematic errors caused, for example,
by uncontrolled heat leaks not accounted for in the
evaluation of the corrected temperature rise. The
experiment consists of carrying out quantitatively a
combustion reaction (in high-pressure O2 in the
bomb) to defined products of combustion and of
measuring the change in temperature caused by the
total bomb process. The temperature measurements
required for the evaluation of the corrected temperature rise are made during a fore period, a main
(= reaction) period. For the adiabatic type calorimeter, the fore and after periods need, in principle, be
only as long as required to establish the initial (firing) and final temperatures, respectively.

tions from ignition energy, combustion of the
fuse(s) and for thermal effects from side reactions
such as the formation of nitric acid. Furthermore, a
correction is applied to account for the different the
in energy between the aqueous sulfuric acid formed
in the bomb reaction and gaseous Sulfur dioxide,
i.e. the required reaction product of Sulfur in the
fuel.
Net Calorific Value (NCV). The NCV at constant volume and the NCV at constant pressure of
the fuel are obtained by calculation from the GCV
at constant volume determined on the analysis sample. The calculation of the NCV at constant volume
requires information about the moisture and H2
contents of the analysis sample. In principle, the
calculation of the NCV at constant pressure also
requires information about the O2 and nitrogen (N)
contents of the sample.

RESULTS AND DISCUSSIONS

Preparation of the sample. The O2, at a pressure high enough to fill the bomb to 3 MPa, pure
with an assay of at least 99.5 %, and free from
combustible matter. The solid fuel used for the
determination of calorific value shall be the analysis
sample ground to pass a test sieve with an aperture
of 212 Pm. The sample shall be well-mixed and in
reasonable moisture equilibrium with the laboratory
atmosphere. The moisture content shall either be
determined on samples weighed within a few hours
of the time that samples are weighed for the determination of calorific value, or the sample shall be
kept in a small, effectively closed Container until
moisture analyses are performed, to allow appropriate corrections for moisture in the analysis sample.

In order to compare the properties of biopolymers produced from corn and cotton wastes in this
study, the standards used in the European Union
(EU) for pellets produced from biomass material
(EN 14961-2) [45@ are given in Table 2.
Chemical and thermal characteristics of biopellets. The total moisture and moisture content. Moisture content is one of the important properties of biomass, and its effect on thermochemical
transformation processes is great. As the moisture
content of biomass increases from 0 to 40%, the
thermal value decreases by 66% [46@. The moisture
content of the biomass is normally determined by
drying in the oven and varies from 3% to 63%. On
the other hand, moisture content in peat and coal
generally ranges between 1% and 20% in the narrower range [47@. The total moisture in original
basis (Fig. 2a) and moisture content in dry air (Fig.
2b) of the biopellets were given in Figure 2.

Calorimetric procedure. The calorimetric determination consists of two separate experiments,
combustion of the calibrant (benzoic acid) and
combustion of the fuel, both under specified conditions. The calorimetric procedure for the two types

TABLE 2
The standards used in the European Union (EU) for biopellets [45@@
Parameter
ENplus-A1*
ENplus-A2**
EN-B***
Standard
Diameter (mm)
EN 16127
68
68
68
Length (mm)
3.15<L<40
3.15<L<40
3.15<L<40
EN 16127
Moisture content (%)
<10
<10
<10
EN 17774-1
Ash (%)
<0.7
<1.5
<3
EN 14775
Durability (%)
>97.5
>97.5
>96.5
EN 15210-1
<1
<1
<1
EN 15210-1
Fine particle (< 3.15mm)
Calorific value (MJ/kg)
16.5<Q<19
16.3<Q<19
16<Q<19
EN 14918
Bulk density (kg/m3)
>600
>600
>600
EN 15103
N (%)
<0.3
<0.5
<1
EN 15104
S (%)
<0.03
<0.03
<0.04
EN 15289
Cl (%)
<0.02
<0.02
<0.03
EN 15289
EN Plus A1*: Chemically treated wood residues
EN Plus A2*: Timber wastes, wood crusts from industrial activities, roots.
EN-B***: Forest, afforestation and other pure wood, wood processing industry waste and by-products, used wood
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Volatile matter. Volatile matter is the gas
phase formed as a result of thermal degradation of
the material. Volatile matter content of the biomass
generally includes light hydrocarbons, CO, CO2,
H2, moisture and tar. The volatile matter content of
the biomass species determined by dry basis varies
in the range of 4886%. The volatile matter content
of biomass is higher than that of solid fossil fuels.
Peat and coal vary in volatile matter content to a
somewhat wider range of 1268% [47@. High O2
content of the biomass causes high volatility.

(a)

Total moisture in original basis

FIGURE 3
The volatile matter contents of the corn and
cotton pellets in different states
The volatile matter contents of the corn and
cotton pellets in different states are given in Figure
3. In moisture and ash free (MAF) state, the pellet
samples exclude total moisture and ash forming
minerals. The volatile matter contents of the corn
and cotton pellets in MAF state were 81.06% and
77.81%, respectively. The volatile matter content of
the corn and cotton pellet samples in original basis
were 71.29% and 68.91%, respectively. The volatile
matter content of the corn and cotton pellet samples
in dry basis and dry air were determined to be
75.58% and 74.52%, 72.43% and 70.32%, respectively.

(b) Moisture content in dry air
FIGURE 2
The total moisture in original basis and moisture
content in dry air
According to the ISO 589 standard [39@, the
total moisture values of the biopollets produced
from corn and cotton wastes were 5.68% and
7.53%, respectively (Fig. 2a). As the amount of
water contained in biofuels increases, the thermal
value decreases. If the amount of water in the fuel is
excessive, it is the most important obstacle to its
use as transportation fuel. According to the ASAE
D245.6 standard [40@, the moisture content of the
corn and cotton pellets in dry air were determined
to be 4.17% and 5.63%, respectively. It has been
determined that the moisture content of the produced corn and cotton pellets is compatible with the
moisture content (<10%) specified for forest and
wood waste in the EU standard EN 17774-1 [45@.
On the other hand, in DIN 51731 standard [48@, the
pellet moisture content has been reported to be at
most 12%. The moisture content of the produced
corn in cotton pellets in dry air was found to be in
accordance with DIN 51731 standard [48@.

Hydrogen content. The C and H2 contents of
the biomass vary depending on the hydrocarbons
and carbohydrates in their structure. The H2 content
in the biomass is higher than that of solid fossil
fuels. The H2 content of the biomass varies from
3% to 11%. The H2 content of peat and coal varies
between 4% and 6% [47@. High H2 content of the
biomass leads to high liquid yield. Some of the O 2
in the biomass composition consumes the H2 contained in the biomass, thus causing water to form.
The H2 contents of the corn and cotton pellets in dry
basis are given in Figure 4. The H2 contents in the
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Calorific values of biopellets. The calorific
value of a fuel is the quantity of heat produced by
its combustion at constant pressure and under normal (standard) conditions (i.e. to 0 qC and under a
pressure of 1013 mbar). The combustion process
generates water vapor and certain techniques may
be used to recover the quantity of heat contained in
this water vapor by condensing it. Therefore, are
there mainly two types of calorific values:
1)
Gross Calorific Value (GCV or
Higher Calorific Value-GCV, or Higher Heating
Value-HHV): When 1 kg of a fuel is burnt, the heat
obtained by the complete combustion after the
products of the combustion are cooled down to
room temperature (usually 15 qC) is called gross
calorific value of that fuel (GCV). The water of
combustion is entirely condensed and that the heat
contained in the water vapor is recovered. The GCV
at constant volume is the absolute value of the specific energy of combustion, in joules, for unit mass
of a solid fuel burned in O2 in a calorimetric bomb
under the conditions specified. The products of
combustion are assumed to consist of gaseous O2,
N, CO2 and SO2, of liquid water (in equilibrium
with its vapour) saturated with CO2 under the conditions of the bomb reaction, and of solid ash, all at
the reference temperature. The international reference temperature for thermochemistry of 25 qC is
adopted as the reference temperature for calorific
values [44@.
2)
Net Calorific Value (NCV or Lover
Calorific Value-LCV, or Lower Heating ValueLHV): When 1 kg of a fuel is completely burned
and the products of combustions are not cooled
down or the heat carried away the products of combustion is not recovered and the steam produced in
this process is not condensed then the heat obtained
is known as the net calorific value (NCV). The
products of combustion contain the water vapor and
that the heat in the water vapor is not recovered.
The NCV is the energy that turns on as a result of
burning the fuel. The NCV at constant volume is
the absolute value of the specific energy of combustion, in joules, for unit mass of the fuel burned in O2
under conditions of constant volume and such that
all the water of the reaction products remains as
water vapour (in a hypothetical state at 0.l MPa),
the other products being as for the gross calorific
value, all at the reference temperature. The NCV at
constant pressure is the absolute value of the specific heat (enthalpy) of combustion, in joules, for unit
mass of the fuel burned in O 2 at constant pressure
under such conditions that all the water of the reaction products remains as water vapour (at 0.l MPa),
the other products being as for the gross calorific
value, all at the reference temperature [44@.
The relation between GCV and NCV is the
amount of NCV can be obtained by subtracting the
amount heat carried away by the combustion products especially the heat carried away by the steam.

dry state of the corn and cotton pellet samples were
determined to be 5.64% and 5.70%, respectively.

FIGURE 4
The hydrogen contents of the corn and cotton
pellets
Sulphur content. Sulphur (S), a moving element in the biomass, is much lower than that of
solid fossil fuels. The S content of pepper wastes,
poultry manure and pine trees are characteristically
high at the extreme level. The S content of the crust
and straw is higher than the wood. For this reason,
additives for S are used in pellets and briquettes
obtained from such biomass. The S content of biomass varieties varies between 0.01% and 2.3%. The
S content of peat and coal varies from 0.2% to 9.8%
[47@. The total S contents of the corn and cotton
pellets in dry basis were determined to be 0.16%
and 0.14%, respectively (Figure 5). It has been
determined that the total S content of the produced
corn and cotton pellets were higher than the moisture content (<0.04%) specified for forest and wood
waste in the EU standard EN 15289 [45@.

FIGURE 5
The total Sulphur contents of the corn and
cotton pellets in dry basis

7285

© by PSP

Volume 27 ± No. 11/2018 pages 7278-7290

The NCV is about 89% lower than the GCV due
to the condensation heat of the water vapor which is
released as a result of combustion. The GCV of the
fuels is also determined by the proximate analysis
depending on the exact combustion state. The NCV
is the amount of heat that is released when the H2
gas is released into the gaseous state, and this value
is used in heating applications. It can be calculated
based on the GCV and H2 ratio.
The calorific value of the biomass is the
amount of energy that is released at the end of full
combustion. Compared to many fossil fuels, the
calorific value of biomass, especially on a volume
basis, is low. The reason for this is that the density
is low and the O2 content is high. As the H2/C ratio
increases, the effective calorific value of the fuel
decreases. The calorific value of fresh plant biomass such as plant leaf is very low. The reason is
that the H2/C and O/C ratios are high. Biomass is
the material with the highest O2 content among all
hydrocarbon fuels. O2 does not provide a beneficial
contribution to the calorific value, making it difficult for the biomass to turn into liquid fuels.
The GCV and NCV of the corn and cotton pellets in different states are given in Figure 6. The
GCV of the corn and cotton pellets in MAF state
(Fig. 6a) were 19.51 MJ/kg and 20.32 MJ/kg, respectively. The GCV of cotton pellets in MAF state
was determined to be about 4% higher than that of
corn pellets. The GCV of cotton pellets in dry basis
(19.46 MJ/kg) was determined to be about 6.53%
higher than that of corn pellets (18.19 MJ/kg).
Similarly, The GCV of cotton pellets in original
basis (18 MJ/kg) was determined to be about 4.67%
higher than that of corn pellets (17.16 MJ/kg). The
NCV of the corn and cotton pellet samples in original basis were 18.27 MJ/kg and 19.10 MJ/kg, respectively. The NCV of cotton pellets in dry basis
(18.29 MJ/kg) was determined to be about 6.89%
higher than that of corn pellets (17.03 MJ/kg). The
NCV of cotton pellets (18.29 MJ/kg) in dry basis
was determined to be about 8.89% higher than that
of corn pellets (17.03 MJ/kg).
It has been reported that the pellet calorific
value in the EU standard (EN 14918) must be within the range of 1619 MJ/kg for biomass pellets
(Table 2) [45@. The GCV and NCV of pellets produced from cotton and corn wastes in all states are
suitable to the EN 14918 standard. It has been reported by Acar et al., [49@ that the calorific value of
90% of the lignite coals in Turkey is below 12.56
MJ/kg. In this case, the NCV of corn and cotton
pellets are higher than the calorific value of lignite
in Turkey. On the other hand, the NCV of the corn
and cotton pellets is higher than that of industrial
lignite (12.56 MJ/kg), central lignite (8.37 MJ/kg)
and Elbistan lignite (4.60 MJ/kg) in Turkey, reported by Ozturk [50@.

Fresenius Environmental Bulletin

(a) The Gross Calorific Value (GCV)

(b) The Net Calorific Value (NCV)
FIGURE 6
The calorific values of the corn and cotton
pellet in different states
Ash value. The ash remaining after coal or
coke has been incinerated in air is derived from
inorganic complexes present in the original coal
substance and from associated mineral matter.
7KHUHIRUH WKH UHVXOW RI WKH GHWHUPLQDWLRQ LV ³DVK´
DQGQRW³DVKFRQWHQW´DVFRDOGRHVQRWFRQWDLQDQ\
ash. The amount of sulfur retained in the ash is in
part dependent on the conditions of ashing and, in
order to obtain values for the ash on a comparable
basis, it is necessary to adhere strictly to the conditions specified [41@. Ash is an inorganic residue that
remains in the environment as a result of burning.
Silica, aluminum, iron and calcium are the major
inorganic constituents and may contain magnesium,
titanium, sodium and potassium in small amounts.
The presence of alkali metals, especially potassium
and chlorine, is important, although the ash content
of the biomass is usually small. These components
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ble that the ash content in a good fuel is low. The
ash value of the corn pellets were determined to be
6.76%, 6.48% and 6.38% in dry basis, in dry air and
original basis, respectively according to ISO 1171
standard [47@. The ash values of the pellets produced from cotton wastes (4.23%, 3.99% and 3.91)
were lower in all states than the pellets produced
from corn wastes. The ash value of corn pellets
(6.76%) in dry basis was determined to be about
37.4% higher than that of cotton pellets (4.23%).
The ash value of the produced corn and cotton pellets was determined to be higher than the ash content ( 3%) specified in the EN 14775 standard
(Table 2) [45@.

lead to serious problems such as agglomeration,
pollution and corrosion in gasifiers and boilers [51@.
Ash is one of the most researched features of
biomass. However, it is the least understood feature.
During the combustion of biomass, natural as well
as technological, inorganic, organic and liquid ash
form simultaneously. The terms inorganic material,
mineral matter and ash for biomass do not mean the
same. Inorganic material includes solid crystalline,
semi-crystalline and amorphous phases in the biomass. The actual mineral matter, as part of the inorganic matter, includes minerals belonging to the
minerals and mineral groups in the biomass. Ash is
an inorganic waste that is formed after combustion
of biomass is completed and is the combination of
the original and newly formed inorganic phases
produced from the inorganic, organic and fluid
components in the biomass. Combustion temperature significantly affects the total ash yield of biomass. When the composition and origins of biomass
waste are not taken into account, only ash production is limited information on its own. For this reason, it needs to be interpreted in conjunction with
the phenomena of biomass. Despite these limitations, although the ash yield of biomass can be
measured routinely, the actual identification of
inorganic constituents is a complex method and
may not be determined quickly and routinely. The
contents of the ash, volatile matter, Ca, Cl, H2, K,
Mg, Mn, O2 and Si of the biomass or biomass
crown are higher than those of the coal or coal ash,
the contents are low.

CONCLUSIONS
The incineration of corn and cotton plant
wastes causes beneficial organisms in the soil and
harmful environmental effects. On the other hand,
the process of shredding plant waste into the soil
causes significant energy consumption. Clean and
renewable fuels with improved physical properties
and improved combustion characteristics will be
produced, eliminating these problems as indicated
by the pelletization of corn biomass waste. The
pelletizing process will facilitate the transport and
storage of residues and at the same time reduce
shipping costs. Most importantly, the evaluation of
such biomass materials through pelletization will
provide for the economization of waste and will
partially or even reduce our country's external dependency on energy.
Despite the fact that organic wastes are produced every year in Turkey, these wastes are not
evaluated in any way and they are disposed of by
being burned or disposed of in landfills. It is primarily necessary to evaluate such wastes and bring
them to the national economy. One of the most
important benefits that can be achieved in the medium and long term in case of widespread application
of such practices is to enable the establishment of
agricultural based industry which is one of the most
important elements of rural development by evaluating the wastes generated as a result of the production of some agricultural products intensively cultivated in regions as biofuels, to provide employment
to people living. In the case of establishing pellet
production facilities in rural areas from agricultural
wastes, it will provide a useful service for rural
employment and rural development.

FIGURE 7
The ash values of the corn and cotton pellet in
different states
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chemical composition of the atmosphere and numerous physical mechanisms play an important role in
the chemical composition of wet deposition. Determination of chemical and physical characteristics of
rainwater helps to evaluate the impact of different
sources and the atmospheric dispersion of air pollutants, and their potential effects on ecosystems [2].
Chemical composition of precipitation events
depends upon various sources such as local natural
sources (sea spray, soil-derived windblown dust,
suspended road dust, etc.), anthropogenic sources
(coal-combustion, vehicle exhausts, agricultural production, biomass burning, etc.), as well as the longrange transport of soil dust and gaseous pollutants
[3].
Complex interactions between the cloud dynamics and the microphysical processes and rainout/washout atmospheric chemical reactions form
the rainwater chemistry. Acidity in rain depends on
the source strength of the constituents their physical
properties into hydrogeological, chemical transformation during cloud formation and below cloud
scavenging [4].
Acid precipitation affects the aquatic and terrestrial ecosystems. Surface water and soil are acidified, aquatic organisms, forests and crops are damaged, and buildings, statues, and roads are destroyed.
Acid rain may harm the human health [5]. Chemical
species in rainfall may differ from those originally
emitted emission source can significantly influence
precipitation acidity by neutralizing a certain fraction of the acids [2].
Pamukkale, Denizli is located in the western
part of Turkey. In Denizli, there is a problem of air
pollution due to the use of low quality fuel for heating in winter, failure to apply combustion techniques
in a correct and sustainable way, non-boiler maintenance, transportation and industrial facilities. Denizli is in the upper ranks in Turkey in terms of air pollution according to the reports of the Turkish Statistical Institute.
This is the first study related the ions in precipitation in Pamukkale, Denizli, Turkey. Acidic rain
may adversely affect the travertine. Investigation of
acidification/neutralization effect of ions in rainwater samples is of great importance for Pamukkale
travertine (Cotton Castle) in the World Heritage List.

Acidification/neutralization effect of some ions
in wet deposition samples was investigated from December 2011 to November 2012 in Pamukkale, Denizli, Turkey. Ca+2, SO4-2, and K+ account for 31.1%,
17.3%, and 15.2% of the total ions, respectively. The
daily total concentrations decreased exponentially as
the daily precipitation rates increased. The high contributors to total flux rates were SO4-2 (winter and
spring), Ca+2 (summer), and K+ (fall). The rainwater
was alkaline with a volume weighted mean pH of
6.94±0.86. However, 10.0% about samples was
found acidic due to dominance of acidic components. About 21.6% of acidity of precipitation was
caused by NO3-, and 78.4% by SO4-2. The calculated
fractional acidity was approximately 0.14, indicating
86.4% of acidity was neutralized by alkaline constituents. Ca+2, Mg+2, and NH4+ played an important role
to neutralize the acidity of rainwater. Enrichment
factors showed that Ca+2 and Mg+2 were non-enriched ions. K+, F-, and Na+ indicated moderate anthropogenic enrichment, while Cl- was highly enriched from a variety of anthropogenic sources. The
principal component analysis indicated that ion-containing precipitation was a two-component system,
consisting of a mixed component (crustal and anthropogenic), and a local pollution component,
which explains 72.6% of the total variance. Backward trajectories indicated that long-range atmospheric transport of pollutants, from northern EuropeMediterranean route, and northern African countries
in the Saharan region, may have affected the composition of precipitation.
*)!$%
Back trajectory analysis, Enrichment factor, Factor analysis, Flux, Ions, Wet deposition.
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Wet and dry deposition processes affects the
chemical transformation and removal of components, atmospheric chemical reactions, and the radiative balance in Earth's atmosphere [1]. The
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There are four main aims of this study including; (1) to determine the concentrations of ions in
precipitation in Pamukkale, Denizli, Turkey from
December 2011 to November 2012, (2) to identify
the acidification/neutralization potentials, wet deposition fluxes, and enrichment factors of ions in rainwater samples, (3) to carry out the factor analysis
through principal component analysis to assess the
relationships between the potential pollution sources
and concentrations of ions at the sampling site, and
(4) to investigate possible long-range sources contributing to the chemistry of rainwater samples using
back trajectory analysis.


&$% &!%

%,8;7492 ,9/,9,7D>4> Wet deposition sampling was carried out at Pamukkale University
Kinikli Campus, Pamukkale, Denizli (37° 44’ N, 29°
06’ E) during December 2011 and November 2012.
Denizli is an industrial city located at the Aegean Region, western part of Turkey. It covers an area of
11,868 km². The weather is hot in Denizli in summers, whereas in winters, it may occasionally be
very cold with snow on the mountains that surround
the city. Springs and autumns are rainy, mild climate, and warm. The sampling site is illustrated in
Figure 1. Residential sites are present at north of the
sampling station.
The rainwater samples were collected manually
from the beginning of each rain event with a 24 cm
diameter funnel sampler that was located at a stand
approximately 1 m high from ground level. The top
of the sampler was closed to avoid contamination
during no sampling. The collected 45 precipitation
samples were accounted for 64.3% of the total precipitation events observed during the study period.
Three of these samples were rejected due to insufficient height of precipitation (< 0.1 mm).





!"  ! 

The samplers and laboratory materials were
washed with 1:1 HNO3, then rinsed with tap water
and deionized water and dried. The same procedure
was replicated using 1:1 HCl [6]. Field and laboratory blanks were collected along with the rainwater
samples to determine any contaminants occurring
during the sampling, handling, and filtration or
measurement steps.
The samples were brought to the Research Laboratory of Environmental Engineering Department
of Pamukkale University at the end of each wet deposition sampling. The volumes of collected rainwater samples were measured. Sartorius 0.45 µm cellulose acetate filter was used to filter the samples. The
filtrates were stored in tightly covered plastic bottles
at 4 0C in a refrigerator until the time of analysis.
Major anions (F-, Cl-, NO3-, and SO4-2) and NH4+ in
wet deposition samples were determined using ion
chromatography (IC, Dionex ICS-1000). Concentrations of main cations including Na+, K+, Mg+2, and
Ca+2 in the samples were measured using inductively
coupled plasma optical emission spectrometry (ICPOES, Optima 2100 DV) in the Water and Environment Laboratory of Pamukkale University.
Twenty soil samples at different points in the
sampling area were taken from 0-10 cm surface using stainless steel spade. Approximately 1 kg of
mixed sample was obtained for each soil sampling
point. Soil samples were analyzed for F-, Cl-, Na+,
K+, Mg+2, and Ca+2 using X-ray fluorescence (XRF,
Spectro Xepos) in the XRF Laboratory of Pamukkale University.
pH measurements were carried out by a WTW
pH 720 pH meter equipped with a combination glass
electrode. Calibration of the pH meter was performed before measurement using buffer solutions
of pH 4.01, 7.00 and 10.01. A WTW Cond 730 conductivity meter calibrated with standard KCl solution was used to measure the electrical conductivity
(EC) of wet deposition samples.
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The seasonal average trace element concentrations were calculated by taking an average of the
daily trace element concentrations in each season.
Classification of each season was as follows: winter
(December to February), spring (March to May),
summer (June to August), and fall (September to November).
The limit of detection (LOD) values of the ions
were calculated to quality control. LOD is defined as
the mean blank mass plus three standard deviations
[7]. LODs ranged from 0.003 (NH4+) to 0.053 mg
(SO4-2) for the precipitation samples. Ion amounts in
the rainwater samples were substantially higher than
LODs.

chemistry of wet deposition samples were investigated by backward trajectories using the US National Oceanic and Atmospheric Administration
(NOAA) Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model [9, 10]. Sevenday backward trajectories were established for 500,
1,000 and 1,500 m above mean ground level. The
seven-day intervals provide adequate time to follow
the movement of air masses coming from other parts
of the world.
%?,?4>?4.,7,9,7D>4>SPSS (Statistical Package
for the Social Sciences) 16.0 software was used for
descriptive statistics and correlation matrix for concentrations of ions in precipitation samples. Statistical relations were determined at the  level.
Factor analysis was used to assess the interrelationships among concentrations of ions in the samples.
Principal component analysis (PCA) was performed
to determine the possible sources of ions. PCA is a
multivariate statistical method frequently used to
simplify large and complex data sets to determine
correlated potential pollution sources [11]. PCA is a
mathematical procedure that uses orthogonal transformations to convert a set of observations for variables that may be correlated into a set uncorrelated
variable called principal component [12].

#@,74?D.:9?=:7:1,9,7D>4>/,?, The analysis
data were subjected to the quality check which was
done by employing the ion balance method. It was
found that the ratio between the sums of cations and
anions of individual samples varied between 0.27
and 1.3. The equivalence ratio of the sum of anions
to the sum of cations (Σ anions/Σ cations) is usually
regarded as an indicator of the completeness of the
measured major constituents [8]. A significant correlation was observed between the sum of anions and
sum of cations (Figure 2a). This indicates that almost
all major ions were measured. Some ions such as
HCO3-, CO3-2 and organic compounds such as acetate, formate, and oxalate affected the charge balance
in wet deposition samples. These ions and compounds have not been included in this study. These
may be contributed to the charge imbalance. Second
check was made through comparison between the
measured and calculated conductivities of the individual samples. Strong relation was determined between the measured and calculated conductivities
(Figure 2b).

,.6?=,50.?:=D,9,7D>4>Air mass backward
trajectory analysis is performed to identify the potential sources and transport routes of air pollutants.
Possible long-range sources contributing to the

$%'&% %'%%! 

:9 .:9.09?=,?4:9> 49 B0? /0;:>4?4:9 >,8
;70> Table 1 shows the volume weighted mean
(VWM) concentrations of major ions in wet deposition samples determined in Pamukkale, Denizli
along with the comparisons at other locations. VWM
concentrations of ions were in the order of F- < NH4+
< NO3- < Na+ < Cl- < Mg+2 < K+ < SO4-2 < Ca+2. Ca+2,
SO4-2, and K+ account for 31.1%, 17.3% and 15.2%
of the total measured chemical compositions, respectively. F- was the least abundant ion in wet deposition with a VWM concentration of only 5.6 µeq L-1
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(April’12), 1,489.9 (May’12), 1,421.5 (July’12),
2,031.1 (October’12), and 635.5 (November’12) in
µeq L-1. The minimum and maximum monthly total
ion concentrations were determined in February,
2012 and October, 2012, respectively. It was determined that the highest contributing ions to the total
monthly ion concentrations were SO4-2 in December,
2011 and K+ in November, 2012, while Ca+2 was the
highest contributor in the remaining months.
As shown in Figure 4, the total ion concentrations were generally high in fall and summer, while
the low concentrations were determined in winter
and spring. The total ion concentrations in winter,
spring, summer, and fall were observed to be 771.3,
1,245.7, 1,421.5, and 1,489.7 µeq L-1, respectively.
It was observed that the highest amount belonged to
Ca+2 in all seasons, followed by SO4-2. High correlations (ranged from 0.82 to 0.93) were determined between the seasonal concentrations.

and 0.9% of the total ions. The minimum and maximum daily total concentrations of the ions were
measured as 100.5 µeq L-1 on April 10, 2012, and
2,612.1 µeq L-1 on January 1, 2012, respectively.
Among all the ions in rainwater in Pamukkale, the
concentration of K+ was higher than those reported
for the other regions. The total VWM concentration
of all ions was 625.7 µeq L-1 in this study. This is
considerably higher than the 130.9 μeq L-1 reported
for Lijiang, China [12], and slightly lower than that
observed in Istanbul, Turkey (922.6 µeq L-1, [13]).
The contribution of SO4-2 accounts 58.0% of
the total mass of anions in rainwater samples, followed by Cl-, NO3-, and F- (Figure 3a). For cations,
Ca+2 is the dominant contributors to the total mass of
cations, accounting for 52.4%, followed by Mg+2,
K+, Na+, and NH4+ (Figure 3b).
The monthly total ion concentrations were
866.7 (December’11), 779.1 (January’12), 464.9
(February’12),
1,333.6
(March’12),
703.0

& 
().:9.09?=,?4:9>:14:9>49B0?/0;:>4?4:9>,8;70>49",8@66,70094E74&@=60D
Daily concentrations (µeq L-1)
FClNO3SO4-2
NH4+
Na+
K+
Mg+2
a
Denizli, Turkey
5.6
54.6
33.8
108.4
32.9
37.7
94.9
63.2
±SD
0.9
9.4
4.9
13.3
7.2
7.0
34.5
9.0
Erzurum, Turkeyb
11.3
131.5
12.2
8.1
Istanbul, Turkeyc
30.3
90.9
31.6
305.9
40.7
69.4
40.7
23.1
Istanbul, Turkeyd
149.7
17.6
78.5
30.8
95.9
51.9
69.9
74.2
38.2
100.8
77.7
61.2
14.9
91.5
Kırklareli, Turkeyd
Tekirdağ, Turkeyd
58.0
26.9
91.9
101.5
88.6
15.2
81.5
Edirne, Turkeyd
141.0
34.0
85.7
4.8
127.3
16.0
111.4
Ankara, Turkeye
20.4
29.2
48.0
86.4
15.6
9.8
9.3
Beijing, Chinaf
12.0
50.9
42.6
357.0
346.0
21.5
9.2
53.3
Chizhou, Chinaf
6.1
14.1
10.3
178.0
38.2
3.1
3.3
5.7
Jordang
73.3
31.5
40.1
25.7
70.2
15.2
60.4
Lijiang, Chinah
5.9
9.3
31.7
15.1
4.9
3.4
8.7
Ghore El-Safi, Jordani
142.4
67.3
112.4
75.4
130.6
85.2
93.1
Jiaozhou Bay, Chinaj
2.6
66.0
62.9
93.7
107.0
54.7
17.2
21.9
9.6
42.6
61.9
92.4
7.0
2.2
2.5
Mexico City, Mexicok
Guiyang, Chinal
14.5
20.7
7.3
265.6
112.8
13.9
9.6
10.5
a
b
c
d
e
f
: This study
: [14]
: [13]
: [15]
: [16]
: [17]
h
i
j
k
l
g
: [18]
: [12]
: [4]
: [3]
: [19]
: [20]
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Ca+2
194.6
30.6
113.2
290.0
338.4
313.1
346.4
236.3
71.4
273.0
189.0
125.4
51.9
165.3
64.1
26.4
182.9
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High precipitation rates may cause a dilution
effect on ion concentrations. The daily total ion concentrations in rainwater samples decreased exponentially as the daily precipitation rates increased (R2 =
0.41) (Figure 5). The scavenging of pollutants from
air by rainwater is an important process influencing
changes of the pollutants [21]. The both below-cloud
raindrop scavenging effect and in-cloud processes
can be playing roles in precipitation events in
Pamukkale, Denizli. The exponential relation between the monthly total ion concentrations and precipitation heights was stated as R2 = 0.34. The strong
correlation was determined between the seasonal total concentrations of ions and precipitation amounts
(R2 = 0.96).

.4/414.,?4:990@?=,74E,?4:90110.?:14:9>49
;=0.4;4?,?4:9 >,8;70> The relative neutralization
effect was examined by calculating neutralization
factor (NF):
;<
 3
(1)
$
$ <:
;
6;"

<

where X is the chemical component of interest
(Ca+2, Mg+2, NH4+, or Na+; μeq L-1).
The NF average was determined as 0.22 in this
study. This demonstrated that about 21.6% of acidity
of rainwater was caused by NO3-, and 78.4% by SO42
. The NF values for Ca+2, Mg+2, NH4+, and Na+ in
precipitation were 1.6, 0.47, 0.25, and 0.23, respectively. This result showed that the dominant neutralizing component in Pamukkale was Ca+2. Zhang et
al. [12] determined that the NF values for Ca+2,
Mg+2, and NH4+ in precipitation at Lijiang, China
were 1.4, 0.16, and 0.43, respectively. In comparison, the average NF of Ca+2 in this study was more
than 1.2 in Pune, India [22], 0.70 in Xi’an, north
western China [23], and 0.56 in Chengdu, south
western China [24].
SO4-2/NO3- ratios can provide insight into the
anthropogenic sources that affect precipitation and
support the acidifying role of SO4-2 in precipitation.
The average SO4-2/NO3- ratio in Pamukkale, Turkey
was 3.6 (ranging from 1.2 to 11.4). This result indicated that rainwater acidity in Denizli was more
strongly affected by SO4-2 than NO3-. In comparison,

!
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acidifying components of rain, SO4-2 and NO3- (in
μeq L-1) are considered in calculation of FA:

the SO4-2/NO3- ratio in this study was close to the
values reported as 3.4 in the Thrace Region, Turkey
[15], 3.4 in Lijiang, China [12], and 3.8 in Xi’an,
north western China [23]. The SO4-2/NO3- ratio in
Pamukkale was more than 1.2 in Ghore El-Safi, Jordan [4], 1.4 at Mt. Lulin, Taiwan [25], 1.5 in Kothi,
India [26], 2.1 in Delhi, India [27] and 2.9 in Shenzhen, China [28].
The ratios of the neutralizing potential (NP) to
the acidifying potential (AP) were calculated to assess the neutralization capacity and the balance between alkalinity and acidity. NP/AP ratio was calculated from Equation 2:




 3

4 #5

(3)

6;" $ < ; ! $ <:

If FA=1, it is considered that the rainwater
acidity generated by SO4-2 and NO3- will not be neutralized at all [21]. The calculated FA in rainwater
samples was approximately 0.14 in Pamukkale, indicating 86.4% of acidity was neutralized by alkaline
constituents. This value was lower than that in Newark, USA (0.47, [29]), Dalian, China (0.19, [21]),
Guiyang, China (0.22, [20]), while it was close to the
values observed in the Jiaozhou Bay, China (0.13,
[3]), and Guangzhou, China (0.15, [30]). Tuncer et
al. [31] determined that the average FA value at the
Central Anatolia was 0.04 indicating that approximately 95% of the acidity in rain was neutralized on
an annual basis in the precipitation.
The FA values had a negative exponential relation with the main ions in wet deposition samples in
Pamukkale (Figure 6). When most of the acids entering the atmosphere were neutralized there was a
low pH value.
Ca+2, Mg+2, and NH4+ can neutralize rainwater
acidity. The neutralizing effect was confirmed by the
linear regression between the sum of anions (SO4-2
and NO3-) and the sum of cations (Ca+2, Mg+2, and
NH4+) in this study (Figure 7).

(2)

The value of NP/AP less than 1 shows that
overall alkaline constituents couldn’t prevent rainwater from acidifying. The value of NP/AP equal to
1 shows that the Ca+2 and NH4+ ions play crucial role
in neutralization of acidity in precipitation in the
form of CaSO4 and (NH4)2SO4 [26].
The average value of NP/AP was 1.7, indicating that the acidity was neutralized by the alkaline
constituents in the wet deposition samples in Denizli. Significant correlations between Ca+2 with SO4-2
(R2 = 0.78) and Ca+2 with NO3- (R2 = 0.69) suggest
that acidic pollutants can be sorbed to particulate
matter and be neutralized Ca+2 in the particles. The
high calcium concentration is due to the high amount
of calcium in the soil in Denizli. Alkaline rainwater
results from the neutralizing effects of airborne dust
particles derived from surface soils [12]. Statistical
relations determined between NH4+ with SO4-2 (R2 =
0.52) and NH4+ with NO3- (R2 = 0.54).
Concentrations of acid-forming ions and alkaline species to neutralize the acidity affect the acidity
in wet deposition samples. Fractional acidity (FA)
value can provide information on the magnitude of
the neutralization of wet deposition acidity. The ratio
value is expected to be unity if the acidity of precipitation from H2SO4 and HNO3 is not neutralized
whereas the deviation from unity is a measure of the
magnitude of neutralization [14]. The main

;,9/A,7@0>:1;=0.4;4?,?4:9>,8;70>
Figure 8 demonstrates the pH and EC values of rainwater samples in Pamukkale, Denizli. The pH values
for the each rainwater samples ranged from 4.66 to
7.94, with a VWM of 6.94±0.86. The pH distribution
indicates that the rain can be considered alkalized.
Four acidic precipitation events (pH of rain is
smaller than 5.6) were observed at the winter season.
The conductivities of rainwater samples ranged from
8.3 to 218.0 μS cm-1. The mean EC value of the precipitation samples was determined as 72.4±59.1 µS
cm-1. The lowest and highest pH values were measured on January 9, 2012, and March 12, 2012, respectively. The minimum and maximum EC values
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were observed on January 10, 2012, and December
31, 2011, respectively. The pH and EC values were
determined as statistically significant at moderate
levels (R2 = 0.44).
pH and EC values obtained in this study were
compared with many studies performed in Turkey.
The VWM pH value observed in this study was very
similar to the pH values as 6.60 in Erzurum [14],
6.22 in Mersin [32], and 6.96 in Istanbul [33]. Average pH values for rainwater samples in Istanbul,
Kırklareli, Tekirdağ, and Edirne were 6.07, 6.25,
6.26, and 6.13, respectively [15]. The mean EC value
obtained in this study is lower than the 121.9, 93.2,
94.5, and 79.9 µS cm-1 recorded for Istanbul,
Kırklareli, Tekirdağ, and Edirne, respectively [15]
and higher than that observed in Mersin (47.8 µS
cm-1; [32]).
Alkaline precipitation can be caused to neutralize of acidity by airborne dust particles derived from
upper crust. Alkaline soil dusts and high concentrations of Ca+2 and NH4+ may cause neutralizing effect
on rainwater samples. The NP/AP value determined



in this study confirmed this effect. The pH values
were affected by total ion concentrations at medium
level (R2 = 0.38). The concentrations of Ca+2 and
Mg+2 ions were moderately correlated with the pH
values of rainwater samples as R2 = 0.43 and R2 =
0.37, respectively. The low EC values were observed
at low total ion concentrations (R2 = 0.72). The low
conductivities can indicate a preferable dilution effect of atmospheric pollution due to the relatively
abundant rainfall. The strong correlations between
Ca+2 and Mg+2 concentrations with EC values were
determined as 0.68 and 0.79, respectively.
The percent frequency distributions of pH and
EC values for the precipitation samples in Pamukkale were presented in Figure 9. Figure 9a shows that
the pH values of majority of rainwater samples
(54.8%) were in the range of 6.66 to 7.65, while only
9.5% of the rainwater samples had pH values between 4.66 and 5.65. Fifty percent of EC values of
rainwater samples ranged between 8.3 and 50.3 µS
cm-1 (Figure 9b).
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Winter
Spring
Summer
Fall
pH
6.32±0.95
7.31±0.40
7.76±0.07
7.41±0.56
EC (µS cm-1)
55.7±53.1
76.4±60.1
90.3±22.4
98.6±74.1

contributed 28.0%, 21.8% and 20.2% to the total ion
flux, respectively. The maximum total wet deposition flux of all ions (1,409.0 mg m-2 day-1) was observed with high precipitation height (37 mm) and
medium total ion concentration (38.1 mg L-1) on January 21, 2012. The minimum total wet deposition
flux of ions (47.8 mg m-2 day-1) was determined with
minimum precipitation depth (1 mm) and moderate
total ion concentration (47.8 mg L-1) on May 12,
2012.
The average total monthly wet deposition flux
of ions was determined as 1,271.9 mg m-2 month-1.
The monthly wet deposition fluxes of SO4-2, Ca+2,
and K+ have contributed 30.7%, 21.6% and 15.8% to
the total element flux, respectively. The highest average monthly total ion flux (3,124.1 mg m-2
month-1) was observed with maximum monthly precipitation depth (258.9 mm) in January, 2012, while
the lowest average monthly total ion flux (522.8 mg
m-2 month-1) was also recorded with low monthly
precipitation height (26.6 mm) in October, 2012.
The monthly total ion fluxes were 1,437.2 (December’11), 1,149.8 (February’12), 1,241.1 (March’12),
904.5 (April’12), 1,541.2 (May’12), 718.8 (July’12),
and 807.5 (November’12) in mg m-2 month-1. The total monthly fluxes of ions changed with monthly precipitation heights (R2 = 0.89). The monthly wet deposition fluxes changed with monthly precipitation
heights in March, 2012 (R2 = 0.90), February, 2012
(R2 = 0.82), and October, 2012 (R2 = 0.71). The total
monthly wet deposition fluxes were coherent with
monthly ion concentrations of rainwater samples in
December, 2011 (R2 = 0.98) and March, 2012 (R2 =
0.85).
The total ion fluxes were 1,330.3 and 3,686.7
mg m-2 season-1 in fall and spring, respectively. The

The minimum (5.99) and maximum (7.76)
monthly pH values were determined in January,
2012 and July, 2012, respectively. The minimum
seasonal values of pH and EC were recorded in winter. The maximum mean pH was measured in summer, while the maximum average EC was observed
in fall (Table 2).
7@C0> The VWM concentrations of ions in
wet deposition samples and the amount of precipitation were used for calculation of the wet deposition
fluxes. Equation 4 was used to estimate the wet deposition fluxes [34, 35, 36]:
 3    
(4)
-2
-1
Fdaily: Daily wet deposition flux (mg m day )
Cp: Ion concentration determined in precipitation
(mg L-1)
hdaily: Total precipitation height during the sampling
day (mm day-1)
The daily wet deposition fluxes and the ratio
between yearly precipitation height and daily precipitation height were used for calculation of the yearly
wet deposition fluxes:
 3    7

2*'.,2
)'+,2

9

(5)
-2

Fyearly: Yearly wet deposition fluxes (mg m year-1)
Fdaily: Daily wet deposition fluxes (mg m-2 day-1)
hyearly: Yearly total precipitation height (mm year-1)
hdaily: Daily precipitation height (mm day-1)
Daily total ion fluxes of F-, Cl-, NO3-, SO4-2,
NH4+, Na+, K+, Mg+2, and Ca+2 were determined as
1.4, 28.1, 30.6, 83.6, 6.4, 12.3, 60.2, 10.8, and 65.1
mg m-2 day-1, respectively in Pamukkale, Denizli.
The average total daily wet deposition flux of ions
was calculated to be 298.5 mg m-2 day-1. The daily
wet deposition fluxes of SO4-2, Ca+2, and K+ have
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were calculated according to the following formula
using Ca+2 as a reference element in this study:

highest seasonal wet deposition flux (5,711.1 mg
m-2 season-1) and precipitation height were determined in winter. The minimum seasonal wet deposition flux (718.8 mg m-2 season-1) and rainfall depth
was observed in summer. The seasonal wet deposition fluxes were consistent with seasonal concentrations (R2 = 0.90). The total ion wet deposition fluxes
in four seasons demonstrated a similar trend with
seasonal precipitation heights in this study (R2 =
0.91). Xing et al. [3] expressed that the inconsistent
episodes between individual species and rainfall
might be ascribed to the different seasonal sources of
them. The higher ionic wet deposition during the wet
season suggested the predominance function of rainfall amount. The percentage distribution of seasonal
fluxes of ions was given in Table 3. The high contributors to total seasonal flux rates were SO4-2 (winter and spring), Ca+2 (summer), and K+ (fall).
The yearly wet deposition flux of all ions was
calculated to be 12,540.8 mg m-2 year-1. The high
flux values were observed for SO4-2, followed by
Ca+2, and K+. The high wet deposition flux values
obtained in this study have showed that the wet deposition of ions may be crucial for travertine in
Pamukkale. The high wet deposition fluxes were determined for Ca+2 and Cl- at three African dry savanna sites (Agoufou, Banizoumbou, and Katibougou) in the Sahel. The wet nitrogen deposition flux
presented a regular increase throughout the wet season [2]. Xing et al. [3] recorded that the annual wet
deposition fluxes for the measured ions were 12.99
kg N ha-1 for NH4+, 12.98 kg S ha-1 for SO4-2, 20.3
kg ha-1 for Cl-, 11.1 kg ha-1 for Ca+2, 7.6 kg N ha-1
for NO3-, 10.9 kg ha-1for Na+, 2.3 kg ha-1 for Mg+2,
5.8 kg ha-1 for K+, and 0.42 kg ha-1 for F- in the
Jiaozhou Bay, North China.

 3 
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=

(6)

where [X] is the concentration of the ion of interest in the rainwater, and [X]/[Ca] of crust is the
ratio from crustal composition. EFcrust values were
calculated for K+, Na+, Mg+2, F- and Cl-. Ions with
EFcrust < 10 are considered to be of crustal origin, 10
< EFcrust < 100 indicate moderate anthropogenic enrichment, and a significant anthropogenic contribution to the rainwater composition is ascribed to ions
with EFcrust > 100 [37].
The types of crustal materials might be different from one region to other. Thence, the average
topsoil composition from the sampling area was chosen as reference instead of literature data relation to
the upper continental crust. The soil composition
data obtained in this study are compatible with the
literature data [38, 39].
In this study, the EFcrust values of Ca+2, Mg+2,
Na+, F-, K+, and Cl- were 1.0, 1.2, 10.1, 15.9, 17.6,
and 1,135.1, respectively. The EFcrust values of ions
in Pamukkale precipitation were classified into three
types. Ca+2 (the crustal indicator), and Mg+2 with EF+
+
crust < 10 were non-enriched ions. K , F , and Na
with 10 < EFcrust< 100 indicated moderate anthropogenic enrichment. Cl- with EFcrust > 100 was highly
enriched from a variety of anthropogenic sources.
The ratio of sea salts is calculated considering
the sodium as sea-salt tracer, assuming that all sodium to be of marine origin in order to determine the
marine contribution in the composition of rainwater
[4]. Table 4 shows the calculated ratios for rainwater
samples in Denizli, Turkey deviated considerably
from the Mediterranean seawater ratios [40], indicating a modification of the sea-salt constituents. The
high ratios of major ions indicate the possible contribution of these components probably from the soil
dust or anthropogenic sources. The average Cl-/Na+
ratio in this study was 2.1 and varied widely from
0.44 to 11.2. This value was higher than 1.8 in the
Mediterranean seawater, indicating a Cl- excess.

9=4.3809? 1,.?:=> Enrichment factors are
used to identify the source of ions in rainwater. The
compositions of the rainwater and the upper continental crust are compared using EFcrust values. The
comparison constitutes a first approximation of the
possible origin (crustal or anthropogenic) of ions in
the atmosphere. Aluminum and calcium are typical
lithophilic elements normally used as reference elements for continental crust [21, 23, 30]. EFcrust values

& 
"0=.09?,20/4>?=4-@?4:9:1>0,>:9,717@C0>:14:9>49B0?/0;:>4?4:9>,8;70>
Winter
Fall
Spring
Summer

F0.54
0.25
0.42
0.90

Cl11.3
8.6
9.1
4.2

NO311.9
8.7
10.8
12.6

SO4-2
33.6
21.6
30.7
24.0

NH4+
1.5
1.7
2.9
4.8

Na+
4.5
3.6
5.2
2.9

K+
16.4
30.0
10.2
13.4

Mg+2
3.4
4.8
3.7
3.4

& 
$,?4:>:1?308,5:=4:9>:1;=0.4;4?,?4:9>,8;70>,9/?300/4?0==,90,9>0,B,?0=
Rainwater
Seawater

Cl-/Na+
2.1
1.8

K+/Na+
4.3
0.035

7299

Mg+2/Na+
0.87
0.097

Ca+2/Na+
4.5
0.037

SO4-2/Na+
6.0
0.22

Ca+2
16.8
20.8
26.9
33.9
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,.?:= ,9,7D>4> From the factor analysis, it
was seen that ion-containing precipitation was a twocomponent system, consisting of a mixed component
(crustal and anthropogenic), and a local pollution
component. Table 5 shows the variable loadings on
the first two principal components, which explain
72.6% of the total variance. The loadings having a
value greater than 0.50 are shown in the table. Varimax rotation was applied on two significant factors
with an initial eigenvalue > 1.

Strong statistical relations were observed for
EFcrust values in all seasons (R2 > 0.99). Lower EFcrust
values of ions were found in summer compared to
other seasons except EFcrust values of F-. The seasonal EFcrust values of Cl- were considered to be
highly anthropogenic origin in winter, fall, and
spring. Na+ has shown moderate enrichment in winter, spring, and fall, while it has non-enrichment in
summer. EFcrust values of Mg+2 were non-enrichment
in all seasons. K+ and F- have indicated moderate enrichment in all seasons (Figure 10). These differences can be sourced from the seasonal changes in
industrial activities. Distinctions of the rainwater and
soil compositions levels may also affected the seasonal changes in EFcrust values.
The EFcrust values of ions in each precipitation
sample were plotted against Ca concentrations (Figure 11). Cl- showed high EFcrust values at low Ca concentrations, and low EFcrust values at high Ca concentrations, indicating anthropogenic contributions to
this ion. The EFcrust values of K+, F-, and Na+ indicated a steeper increase in EFcrust with decreasing Ca
concentration, indicating anthropogenic sources.
Mg+2 has very low EFcrust values at high Ca concentrations, indicating that crustal sources dominate the
occurrence of this ion in rainwater samples. Crustal
ion, Mg+2, would present constant EF values (from
0.54 to 2.8) at varying Ca concentrations.

&
$:?,?0/.:8;:909?8,?=4C1:=4:9>49B0?
/0;:>4?4:9
Ion
Component
Factor 1
Factor 2
NO30.838
SO4-2
0.830
0.820
Mg+2
F0.818
NH4+
0.702
Ca+2
0.654
Na+
0.564
0.671
Cl0.905
K+
0.892
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Na+ might be due to glass factory near the sampling
site (approximately 6 km).

Factor 1, which explains 53.5% of the total variance, has loading for NO3-, SO4-2, Mg+2, F-, NH4+,
Ca+2, and Na+. This factor is a mix of the crustal materials and anthropogenic sources. NO3- and SO4-2
(R2 = 0.68) may be originated from fossil fuel combustion. Mg+2, Ca+2, and Na+ have crustal source.
The high concentrations of Mg+2 and Ca+2 (R2 =
0.69) might be related to the terrigeneous particles in
the Denizli atmosphere. F- can be sourced from plastic and chemical factories. NH4+ could be due to agricultural activities carried out near the sampling site.
The ammonia volatilized due to the high temperature
in summer [41] and large application amount of nitrogen fertilizer could be responsible for the high
concentrations of NH4+.
The second factor, with the variance of 19.1%,
had a high loading for Cl- and K+ and moderate loading for Na+. Factor 2 is associated with the local anthropogenic pollution source. Some industrial facilities in Denizli may be sources of anthropogenic ions.
Cl- can be derived from chemical, plastic, and textile
factories. The relatively high values of Cl-, K+, and

,.6?=,50.?:=D,9,7D>4>The seven-day back
trajectory analysis of the dominant air masses using
the NOAA HYSPLIT model shows that the
precipitation events were classified into five
categories. Figure 12 shows the samples of
backward trajectories during the sampling period.
The precipitation events might have been influenced by air masses originated from;
- the North Atlantic Ocean and passed over
northern Europe and the Mediterranean by about
24%
- northern Europe and passed over the Mediterranean by 22%
- the Black Sea region by about 19%
- northern African countries in the Saharan
region and travelled over the southern Mediterranean by 19%
- the North Atlantic Ocean and travelled over
northern Europe and the Balkans by 16%
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the world. This study showed that wet deposition of
ions is important for travertine in Pamukkale. Therefore, wet deposition should be researched in detail in
the future to protect this natural site.


 !) &%

Long-range atmospheric transport of air pollutants from other parts of the world may affect the
composition of rainwater samples. The emissions
from the North Atlantic Ocean-northern Europe-Balkans route could have affected the high concentrations of F- and NO3- in wet deposition samples in
Pamukkale, Denizli. The high concentrations of
NH4+ in rainwater samples could have influenced by
emissions from the Black Sea. The Sahara desert
dust has been determined to contain elements such
as Si, Al, Mg, Ca, Na, Fe, and K [42]. In this study,
the high concentrations of K+ were observed in precipitation events influenced by Saharan dust emissions from northern African countries in the Saharan
region. The high concentrations of Cl-, SO4-2, Mg+2,
and Ca+2 found in rain events can be affected by
emissions from northern Europe-Mediterranean
route indicating that air masses carry the excessive
amounts of these ions from this area to the sampling
site. The high concentrations of Na+ recorded in precipitation events might have influenced the North
Atlantic Ocean-northern Europe-Mediterranean
route.
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ABSTRACT

in the troposphere and stratosphere, which increase
the atmospheric stability and slows vertical atmospheric mixing [1±3]. The increase of ozone concentration in the lower troposphere reinforces the greenhouse warming effect [4±5]. Apparently, studies on
the atmospheric ozone concentration [6±7], particularly those related to ozone holes and surface ozone
in polar regions [8±10]. In recent years, more and
more attention has been paid towards the study of the
ozone distribution in the low-level atmosphere (0±
2000 m). Low-level ozone is an atmospheric pollutant which is not emitted directly by automobile exhaust and/or by industrial emissions, but is formed
by the reaction of sunlight with air containing hydrocarbons and nitrogen oxides that react to form ozone
directly at the source of the pollution [11±15]. Finally, many studies have been devoted to monitoring
ozone in the atmospheric boundary layer [16±18].
Similarly, during recent decades, many observational studies of boundary-layer ozone and its related pollutants have been carried out in China's economically developed Yangtze River Delta region
[19±21], northern China, and other regions [22]. In
[23], the authors reported measurements of boundary
layer ozone in the winter of 2008 using tethered balloons at Tazhong station in the hinterland of the
Taklimakan Desert. He analyzed the diurnal variations of surface ozone concentration under different
weather conditions, as well as its daily, weekly,
monthly and seasonal changes [24].
Previous studies of the desert climate in Xinjiang were largely based on data obtained from meteorological stations located in the surrounding area
of the desert, and/or data collected from short-term
scientific experiments. The Gurbantunggut Desert
hinterland is a largely inaccessible region, and it is
very difficult to obtain continuous long-term meteorological observation data of its climate. Nevertheless, to support the oil and gas exploration and development in the Junggar Basin, which has occurred
since early 1990s, there is an urgent need to further
understand the surface climate environment in the
Gurbantunggut Desert.
In this study, using data from tethered balloon

In this study, we analyze the vertical profile of
low-level (0±2000 m) atmospheric ozone concentration from tethered balloon observations obtained in
the hinterland of the Gurbantunggut Desert in northern Xinjiang from the 15th to 24th of October, 2010.
Our results show that: (1) the average ozone concentration is 36.3 ppb in the Gurbantunggut Desert,
which is lower than the observed value of 48.7 ppb
in the Taklimakan Desert, with a maximum of 45
ppb during the middle of the afternoon and a minimum of 15 ppb just prior to sunrise. (2) The ozone
concentration shows significant vertical variations,
with large changes below the inversion layer, which
can extend up to 700 m above the desert hinterland,
and very weak changes above it. It can be further divided into four patterns: weak-change, middle-peak,
linear-growth and inversion-growth. (3) The vertical
changes in the ozone concentration are closely related to the low-level air temperature, wind speed
and humidity. Our observations reveal some different features to those observed in the Taklimakan Desert and other regions, which therefore highlights the
need to enhance such observations to gain further understanding of ozone processes in the lower atmosphere.

KEYWORDS:
Boundary layer, Ozone concentration, Gurbantunggut Desert, Inversion layer

INTRODUCTION
The ozone layer is the so-called ³XPEUHOOD´ for
life on Earth as it absorbs 99% of the UV-B radiation
emitted by the sun, which in turn can induce skin
cancer, damage human immune system and significantly hurt animals and plants. Ozone is also an important atmospheric gas that affects the global
weather and climate system. For instance, the ozone
absorption of UV-B induces temperature inversions
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measurements obtained in the hinterland of the
Gurbantunggut Desert from the 15th to 24th of October, 2010, we analyzed the vertical distribution of
low-level ozone concentration in this region, and investigated its characteristics and possible influencing factors. Such results are valuable for assessing
the spatial variations of ozone concentrations under
different desert climate conditions, and they provide
critical information for future environment research
in the hinterland of the Gurbantunggut desert.

billion) to 55.0 ppb. The minimum value is 9.87 ppb,
which appeared at 23:00 near the surface. The daily
mean value is 36.3 ppb, which is much lower than
that during spring in the Yangtze River Delta (50.0
ppb), winter in Beijing (42.4 ppb) and summer in Xining (40.0 ppb). It is also much lower than the value
measured in the hinterland of the Taklimakan Desert
during the same season (48.7 ppb) by [24]. Understanding the two important factors that lead to discrepancies in ozone are differences of latitude from
south to north, and the observation point difference
of vegetation coverage. This suggests that the lowlevel ozone concentration possesses significant spatial variations, and more observations such as those
presented in this study are needed to better understand the processes controlling the ozone concentrations in the low atmosphere for different conditions.

OBSERVATIONAL SYSTEM AND DATA
We used a tethered balloon system produced by
Finland VAISALA Company. The system consists
of an electrochemical reaction tank, a 6A-ozone
sonde and a GPS weather sonde. The observational
elements include the altitude, ozone concentration,
air temperature, relative humidity, pressure, and horizontal wind speed. The sampling frequency was 1
Hz.
Table 1 shows the ozone sounding profile in the
hinterland of the Gurbantunggut Desert from the 15th
to 24th of October, 2010. In the table, the date & time
are the start times in Beijing (which is 2 h ahead of
the local time) of the observations, and the maximum
height is the height of the tethered balloon where it
stopped further rising. The altitude of the balloon release point is 500 m, and the detection height is the
true altitude of the balloon measured via GPS. In the
observations, missing data can be due to airspace
regulation, precipitation and strong winds which prevented us from releasing the balloon. Even so, we
managed 17 observations after strict data quality
control. As shown in Table 1, the mean value of the
ozone concentration in the hinterland of the Gurbantunggut Desert ranges from 27.5 ppb (parts per

RESULTS
Vertical Ozone Distributions. There are several notable diurnal and vertical variations in the
lower PBL (Fig.1). The overall observed features
can be summarized as the following:
(i) The near-surface ozone concentration was
low during the period of 02:00±08:00 (around 20
ppb), with a minimum (15 ppb) occurring at
around08:00. During this period, the ozone concentration increased with height, and it had a rapid
growth rate up a height of ~200 m, where after the
rate of increase appeared to slow down. This can be
explained by the inhibition effect on ozone mixing
induced by radiative cooling inversion. Such a variation was also observed during the winter of Beijing
[25], but it is different to the observations from Mt.
Waliguan where the minimum ozone concentration
appeared at 13:00 and 14:00 during boreal autumn


TABLE 1
Ozone concentrations in the Gurbantunggut Desert (October 15th to 24th, 2010 )
Date & Time
(BJT)

Maximum height
of detection
(m)

Averaged
rising rate
(m/s)

10-10-15-17:00
10-10-15-20:00
10-10-15-23:00
10-10-16-02:00
10-10-16-05:00
10-10-17-11:00
10-10-17-14:00
10-10-17-17:00
10-10-17-20:00
10-10-18-17:00
10-10-18-23:00
10-10-19-08:00
10-10-22-17:00
10-10-23-17:00
10-10-23-20:00
10-10-23-23:00
10-10-24-02:00

2034
2094
2009
592
600
1564
1524
1248
1162
1780
1564
1440
1500
1549
1503
1509
1360

0.49
0.59
0.54
0.20
0.11
0.56
0.54
0.53
0.46
0.65
0.75
0.57
0.87
0.78
0.60
0.71
0.62

ozone concentration (ppb)
Maximum
(Height of maximum)
53.87 (1918 m)
48.76 (1781 m)
47.64 (2017 m)
43.18 (592 m)
39.42 (603 m)
38.36 (1564 m)
36.61 (502 m)
40.50 (1220 m)
39.97 (1144 m)
58.71 (1790 m)
109.09 (504 m)
49.97 (1295 m)
32.89 (916 m)
31.33 (1361 m)
31.60 (812 m)
30.78 (1453 m)
30.10 (1102 m)

7307

Minimum
(Height of minimum)
43.12 (502 m)
26.96 (500 m)
10.00 (505 m)
18.29 (503 m)
17.93 (500 m)
15.27 (505 m)
31.42 (847 m)
30.22 (500 m)
35.82 (784 m)
40.90 (500 m)
49.42 (572 m)
16.59 (500 m)
23.57 (721 m)
28.20 (613 m)
17.92 (501 m)
9.87 (500 m)
19.20 (511 m)

Mean
50.43
43.84
41.83
22.30
30.42
30.42
33.69
35.24
37.83
49.25
55.04
45.41
26.19
29.55
30.11
27.51
28.30
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FIGURE 1
Averaged diurnal variations of the vertical profile of ozone concentration observed during
the period of October 15th to 24th, 2010
and winter [26]. The vertical variations of ozone
concentration were much larger within the temperature inversion layer: at 08:00, the increasing rate between the surface and 200 m was 0.1473 ppb/m,
which is about ten times larger than the 0.005 ppb/m
rate measured above the inversion layer at ~200±
1000 m heights.
(ii) The near-surface ozone concentration increased with an increase of temperature during the
daytime. The concentration started from less than 20
ppb at 11:00 to 35 ppb at 14:00, and reached a peak
at 17:00. Such results are different to the observations made at the campus of Shandong University,
where the maximum ozone concentration appeared
at around 14:00 [27]. At noon time, the ozone concentration showed little change with height, and the
rate was only 0.0031 ppb/m at 14:00, for example. A
larger rate was observed in the layer at 600±800 m
(0.0233 ppb/m), which was perhaps due to changes
in the meteorological conditions.
(iii) The ground-level ozone concentration
started to decrease following sunset. It was 27.33
ppb at 20:00, which reduced to 5.5 ppb at 23:00.
With the emergence of temperature inversion, the
ozone concentration increased rapidly in this layer,
where the rising rates were 0.071 at 20:00 ppb/m and
0.18 ppb/m at 23:00. Above the inversion layer, the
ozone concentration showed only very weak fluctuations.
Furthermore, according to the vertical distributions from the 17 observations dates (note that the

results in Fig. 1 are the daily average values) within
the lower atmospheric boundary layer, we can, by
and large, group them into different patterns, as follows.
Middle-Peak pattern. This pattern has an
ozone concentration that starts increase with height,
reaches a peak and/or multi peaks in the middle of
the boundary layer, and then decreases with height
thereafter. For example, at 17:00 of October 22nd, the
profile had a peak that appeared at 400 m, where the
ozone concentration was 35.0 ppb. At 23:00 of the
15th, the profile peaked at both 600 m and 1000 m,
where the ozone concentrations were 42.1 ppb and
44.5 ppb, respectively. We found that during the
time of these peaks, the atmospheric humidity was at
a low, and the two peaks had a significant out-ofphase relationship. Such results resemble those obtained in the hinterland of the Taklimakan Desert
[22].
Weak-change pattern. This type appears
mainly under stable and/or weakly unstable PBL
conditions associated with weak vertical mixing and
cloudy weather. This type has the largest frequency
of occurrence. In the near-surface layer (featured by
constant surface fluxes from the surface to the lowlevel boundary), the ozone concentration shows an
approximately exponential increasing trend, that
then remains largely unchanged above it. For example, at 23:00 on the 18th of October, 08:00 on the 19th,
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and 17:00 and 20:00 on the 23rd, we observed such
patterns, where the local weather was cloudy in the
hinterland of the desert and the relative humidity and
wind speeds were relatively stable.

inversion present at night-time. The air temperature
stratification was most notable at dusk, where the top
of the inversion layer was at around 200 m above the
ground. The inversion was strongest at 20:00, followed by 02:00 and 05:00 and 08:00 (Beijing time)
during the night-time. Such a temperature inversion
resulted in the rapid decrease of ozone concentration
from the top of the inversion layer down to the surface. At 05:00, a minimum surface ozone concentration was observed with ~17 ppb (comparing with the
value of ~30 ppb at 14:00 to 20:00). During the daytime, the air temperature increased with an increase
of shortwave solar radiation. Enhanced solar radiation also significantly changes the atmospheric
chemical processes, and therefore the amount of
ozone generation. The ozone concentration above
surface was very low during the daytime. Despite the
ozone concentration rising gradually with an increase of height and temperature, the ozone concentration near the surface was not largely controlled by
air temperature within the inversion-capped lower
boundary layer. This merely reflects the scenario
where the higher ozone concentration above the inversion layer cannot be mixed thoroughly downwards towards the surface due to a strong inversion
cap. Thus, the lack of vertical mixing results in the
gradual reduction of ozone with deceasing height.
The inversion of temperature prevents air masses
with higher ozone concentrations from entering into
the near-surface boundary layer, which resembles
the phenomenon founded in the Arctic [28]. Above
the temperature-inversion layer, the ozone concentration showed very weak vertical variations. The
changing rate of ozone concentration within the inversion layer was about ten times larger than that in
the upper layer.

Inversion-growth pattern. This pattern is
characterized by a rapid increase of ozone concentration with height from the near surface, and it
mainly appears with a strong temperature inversion
in the surface layer. For example, at 20:00 and 23:00
on the 15th of October, the near-surface ozone concentration was only 27.2 ppb. The concentration increased with height, and at 200 m, the concentration
was 40.0 ppb and 38.2 ppb, respectively, which is
about 15 ppb higher than that at the surface. The low
ozone concentration in the near-surface layer was
mainly due to the strong temperature inversion,
where the closer to the ground, the greater its impact
on the ozone concentration. The inversion layer restrains the further exchange of ozone from upper levels down towards the surface, leading to the notable
increases in ozone concentration with height under
this layer.
Linear-growth pattern. This pattern is characterized by a linear growth of ozone concentration
from the surface up to 200 m, where it shows nearly
constant values above this height. This pattern is
linked to cloudy days with stable moisture content in
the low-level regions of the atmosphere.
Ozone Concentration and Temperature.
Figure 2 shows that the variation of ozone concentration is closely related to the vertical structure of
the air temperature in the hinterland of the Gurbantunggut Desert. There was often a strong temperature

FIGURE 2
Vertical profiles of ozone concentration and temperature with height.
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FIGURE 3
Vertical profiles of ozone concentration and potential temperature with height.
VKRZVWKHUHODWLYHO\VORZIOXFWXDWLQJVWDWH,QWKHXS
SHUOD\HU ±P WKHR]RQHVKRZHGDQLQFUHDV
LQJWUHQG ZLWK DOWLWXGHDQG WKHUDWHRIFKDQJH ZDV
UHODWLYHO\ODUJH )URPWRWKHQH[WPRUQ
LQJWKHSRWHQWLDOWHPSHUDWXUHSURILOHGHFUHDVHGZLWK
KHLJKWDQGWKHDWPRVSKHUHZDVLQVWDEOHFRQGLWLRQ
ZKLFK LV QRW FRQGXFLYH WR WKH VSUHDG RI R]RQH$W
DQGZKHQWKHVRODUUDGLDWLRQZDVVWURQJ
EHFDXVHWKHORZHUDWPRVSKHUH ±P ZDVLQDQ
XQVWDEOH FRQGLWLRQ VWURQJ WXUEXOHQFH ZDV SUHVHQW
DQGDWPRVSKHULFPL[LQJRFFXUUHGPRUHHYHQO\ZLWK
DQLQFUHDVHLQWKHKHLJKWRIR]RQHLQWKHYRODWLOHUH
JLRQV )LJ 

Ozone Concentration and Potential Temperature. The potential temperature is denoted as T
and, for air, is often given by:

P
P

T =T ( 0 ) R / C p
where T is the current absolute temperature (in
K) of the parcel, R is the gas constant of air, and Cp
is the specific heat capacity at a constant pressure. R/
Cp=0.286 for air (meteorology).
$WPRVSKHULFVWDELOLW\LVPDLQO\DVVRFLDWHGZLWK
WKHSRWHQWLDOWHPSHUDWXUHZKLFKGHFUHDVHVZLWKLQ
FUHDVLQJKHLJKW7KHDWPRVSKHUHLVWKHVWDWLFLQVWDELO
LW\7KHSURFHVVRIUHDGMXVWPHQWWRWKHVWDWLFDOO\VWD
EOH UHIHUHQFH VWDWH LQYROYHV LPSRVLQJ YHUWLFDO PR
WLRQV7KHORZHUDWPRVSKHUH VKRZHGVWDEOHERXQG
DU\OD\HUFKDUDFWHULVWLFVIURPWRWKHQH[W
PRUQLQJ 7KH SRWHQWLDO WHPSHUDWXUH SURILOH GLPLQ
LVKHGZLWKLQFUHDVLQJKHLJKWLQWKHUHJLRQ±P
'XHWRWKHVWDEOHDWPRVSKHUHZHDNYHUWLFDOPRWLRQ
DQG WXUEXOHQW DFWLYLW\ WKH DWPRVSKHULF FRQGLWLRQV
ZHUH QRW FRQGXFLYH WR WKH GLIIXVLRQ DQG PL[LQJ RI
R]RQH 7KH SRWHQWLDO WHPSHUDWXUH SURILOH LQFUHDVHG
ZLWK LQFUHDVLQJ KHLJKW DERYH WKH LQYHUVLRQ OD\HU
DERYHZKLFKWKHKLJKOHYHOWXUEXOHQFHVWUHQJWKHQHG
VLJQLILFDQWO\ DQG WKH DWPRVSKHUH FRXOG EH FRQVLG
HUHGDVEHLQJLQDQXQVWDEOHVLWXDWLRQ7KHGHFUHDVLQJ
UDWHZLWKDOWLWXGHVORZHGGRZQVLJQLILFDQWO\VKRZ
LQJIOXFWXDWLRQSDWWHUQV
'XULQJWRZKHQWKHUDGLDWLRQOHY
HOV ZHUH VWURQJHU WKH DWPRVSKHULF FRQGLWLRQV LQ
FOXGHGVLJQLILFDQWWKHUPDOLQVXODWLRQDQGDVXSHUDG
LDEDWLF VWDWH 7KH ERXQGDU\ OD\HU VKRZHG REYLRXV
PL[HG ERXQGDU\ OD\HU FKDUDFWHULVWLFV DQG WKH ORZ
OHYHODWPRVSKHUHEHFDPHXQVWDEOH7KHORZHUDWPRV
SKHUH ±P ZDVLQDQXQVWDEOHVWDWHZLWKVWURQJ
WXUEXOHQFH 7KH LQFUHDVH RI R]RQH ZLWK DOWLWXGH

Ozone Concentration and Relative Humidity. During the observation period, the relative humidity in the hinterland of Gurbantunggut Desert
first decreased with height (Fig. 4) within the lower
boundary. It then increased to a certain level, which
in most cases was at the top of the surface inversion
layer. Above that, the relative humidity decreased
rapidly. For example, the relative humidity reduced
by 20% within 100 m above the inversion layer at
20:00 and 08:00. This is rare in other regions. The
changes in relative humidity and ozone concentrations were out-of-phase. In the near-surface layer,
the relative humidity was very high, while the corresponding ozone concentration was relatively low.
Then, the relative humidity increased notably with
height, and the ozone concentration showed slow
growth. At about 800 m, the relative humidity reduced sharply with height, such as observed at 17:00
of October 15th and 17th, and 08:00 in the 19th. Furthermore, changes in relative humidity and ozone are
complicated by different weather conditions. For example, on October 17th and 18th, which were cloudy
days, the relative humidity showed multiple peaks
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FIGURE 4
Vertical profiles of ozone concentration and relative humidity with height.
that were accompanied by fluctuations in the ozone
concentration. Above 1000 m, the ozone concentration changed slightly with height, while the relative
humidity increased sharply. According to the study
of Yang in the Northern Xinjiang [29], there was a
maximum moisture content band at about 1500 m,
which is inconsistent with our results. We can see
that above the near-surface layer, the rapid increase
of ozone concentration is associated with a reduction
in the relative humidity with height.
However, the connection between the relative
humidity and ozone distribution cannot be totally attributed to the sensitivity of the atmospheric photochemical processes to the relative atmospheric humidity. The relationships can also be summarized by
the apparent correspondence between the decrease in
relative humidity and the increase in ozone concentration with height, as shown in Fig. 4, which are the
co-products of the stable surface boundary layer development: radiative cooling leads to an increase of
air temperature with height, and therefore a decrease
of relative humidity with height for the same atmospheric water content. At the same time, the same
temperature inversion leads to the weak mixing of
ozone from upper layers down towards the surface,
and therefore an increase in ozone concentration
with height. It is possible that such a connection between the relative humidity and ozone concentration
seen in Fig. 4 is due to the thermal stability of the
atmospheric boundary layer induced by temperature
inversion. Another possible reason is that, due to the
fact that the sparse desert plants in the Gurbantunggut Desert may contribute some surface evaporation that wettens the near surface layer, which
leads to a higher relative humidity near the surface.

Ozone Concentration and Wind Speed.
Changes in wind speed in the hinterland of the
Gurbantunggut Desert are very complex, which
range from nearly zero to 6 m/s. The near-surface
wind speed is very slow (see Fig. 5). Within 100 m
above ground (i.e. the inversion layer), the wind
speed increased rapidly with height following a typical wind vertical profile for a stable surface layer.
This is also similar to the observed changes in the
ozone concentration. Above the inversion layer, the
wind speed remained largely unchanged. When
reaching 800 m, the wind speed increased again,
such as the cases at 23:00 on October 18th, 08:00 on
the 19th and 17:00, 20:00 and 23:00 on the 23rd. However, at these heights, the ozone concentration had
very weak changes and therefore the wind speed appears not to be an influencing factor on the vertical
distribution of ozone above the surface layer.
Averaged ozone concentrations and
WS&RH&T. Figure 6 illustrates that the wind
speed rises rapidly with height at the near surface (0±
100 m), and the ozone concentration also increases
gradually with height. The increase in wind speed is
the property of the surface boundary layer, while the
increase of ozone with height is due to a weakened
downward mixing of high-level ozone. The strong
wind shear near 100 m reflects the transition from
the inversion layer to the upper-boundary layer. Following that, the wind speed decreased with height
from 100±400 m. The research of Zheng indicates
that wind shear is a key mechanism for the development of turbulent exchanges; hence, high wind
shears are often accompanied by large ozone concentration changes [25]. In the hinterland of the
Gurbantunggut Desert, the wind speed remained
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unchanged from 400±1000 m, so in this layer, the
ozone concentration exhibited weak fluctuations.
Above 1000±1300 m, there was strong wind shear,
where the wind speed increased by 2 m/s within 200

m. This shear leads to strong vertical mixing, and the
ozone concentration exhibits a strong increase with
height, suggesting more ozone mixing from higher
levels.



FIGURE 5
Vertical profiles of ozone concentration and wind speed with height.

FIGURE 6
Averaged vertical profiles of ozone concentration and wind speed.


FIGURE 7
Averaged profiles of ozone concentration and temperature.
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FIGURE 8
Averaged vertical profiles of O3 concentration and relative humidity
Figure 7 shows the averaged curves of ozone
concentration and air temperature for the daytime
and night-time. During the daytime, the temperature
decreased with height in the hinterland. It cannot explain the sudden increase around a height of 1000 m.
During the night, a strong temperature inversion extended up to 200 m above the ground due to rapid
surface radiative cooling. The super-stable surface
layer and inversion prevented the vertical mixing of
ozone, resulting in the low ozone concentration near
the surface.
As seen in Fig. 3 and Fig. 8, it appears that there
are some links between the relative humidity and the
ozone concentration: the relative humidity decreases
with height within the near-surface layer (below 100
m) where the ozone increases with height. As
pointed out before, there are a few plausible explanations for such results. Part of the results can be attributed to the atmospheric chemical processes
where OH and HO2 present in the moisture-rich atmospheric can easily react with ozone, resulting in
ozone depletion [30]. Another reason is due to the
fact that the sparse desert plants in the Gurbantunggut Desert may contribute some surface evaporation to wet the near surface layer, leading to a
higher relative humidity. Finally such a link seen in
Fig. 7 may merely be the fact that both the ozone
concentration and the relative humidity are the product of boundary layer development.

Gurbantunggut Desert of northern Xinjiang where
the low-level atmosphere has a higher water vapor
content. Both the vegetation and water vapor conditions, together with the potential influence of industrial pollution in the nearby oil-exploration field near
the Tazhong site, may contribute to the differences
of ozone concentration between these two regions.
In our observations, the near surface ozone concentration had notable diurnal variations: relatively low
values at night and in the early morning when the
boundary layer was stable, with a minimum value of
9.87 ppb being observed at 23:00 local time. Such a
diurnal cycle was also measured in southern Xinjiang [24].
In the surface layer, strong temperature inversion largely determines the variations of the nearsurface ozone concentration with height. The inversion cap in the boundary layer prevents the mixing
of higher ozone concentrations from upper levels,
and results in the gradual reduction of ozone concentration from the upper boundary layer down to the
surface. Such results were also reported by Mickle
and Yang [28±29]. During the day, because of strong
boundary-layer mixing, there is little change in the
ozone concentration with height.
The ozone concentration is closely related to
meteorological conditions, including the air temperature, relative humidity and wind speed. When the
inversion layer appears at night and in the early
morning, the near-surface ozone concentration is
low. Above that, the ozone concentration shows no
significant changes. This is different to the situation
measured in urban areas, as in Beijing [21] and
Texas [35]. There is a significant connection between ozone concentration and the vertical temperature profile, as the latter determines the thermodynamic property of the boundary layer, and hence its
stability, which was also reported by Zong [36]. At
the same time, the vertical wind shear reflects the dynamical component and stability of the boundary
layer. We reported strong increases in the ozone

DISCUSSION AND CONCLUSION
The average ozone concentration in this region
is 36.3 ppb, which is lower than that during winter in
the hinterland of the Taklimakan Desert [22], and
lower than during autumn. Such results are different
from observations obtained in other locations in
China [31±34]. In contrast to the observational site
at Tazhong in southern Xinjiang, where there is almost no vegetation, sparse vegetation occurs in the
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[6] 0DQ]LQL(6WHLO%%UKO&*LRUJHWWD0
$.UJHU.  $QHZLQWHUDFWLYHFKHP
LVWU\FOLPDWHPRGHOVHQVLWLYLW\RIWKHPLGGOH
DWPRVSKHUHWRR]RQHGHSOHWLRQDQGLQFUHDVHLQ
JUHHQKRXVH JDVHV DQG LPSOLFDWLRQV IRU UHFHQW
VWUDWRVSKHULF FRROLQJ -RXUQDO RI *HRSK\VLFDO
5HVHDUFK$WPRVSKHUHV ' 
[7] Zai, M.A.K.Y., Bulbul, J., Ansari, M.R.K.
(2013) Investigating Explorative Character of
Ozone Layer Depletion Between Pakistan and
China: A Comparative Regional Study. Journal
of Basic and Applied Sciences. 9, 433-488.
[8] McIntyre, M.E. (1989) On the Antarctic ozone
hole. Journal of Atmospheric and Terrestrial
Physics. 51(1), 2935-3343.
[9] Randel, W.J., Wu, F. (1999) Cooling of the
Arctic and Antarctic polar stratospheres due to
ozone depletion. Journal of Climate. 12(5),
1467-1479.
[10] Helmig, D., Oltmans, S.J., Carlson, D., Lamarque, J.F., Jones, A., Labuschagne, C., Anlauf, K., Hayden, K. (2007) A review of surface
ozone in the polar regions. Atmospheric Environment. 41(24), 5138-5161.
[11] Stedman, D.H., Daby, E.E., Stuhl, F., Niki, H.
(1972) Analysis of ozone and nitric oxide by a
chemiluminescent method in laboratory and atmospheric studies of photochemical smog.
Journal of the Air Pollution Control Association. 22(4), 260-263.
[12] Güsten, H., Heinrich, G., &YLWDã T., Klasinc, L.,
5XãþLþ B., Lalas, D.P., Petrakis, M. (1988)
Photochemical formation and transport of
ozone in Athens, Greece. Atmospheric Environment (1967). 22(9), 1855-1861.
[13] Nikolaou, K., Papadak, N. (2001) Ten years
trends of the urban air pollution in Thessaloniki.
Part II: The secondary pollutants. Fresen. Environ. Bull. 10, 230-233.
[14] Larissi, I.K., Antoniou, A., Nastos, P.T., Paliatsos, A.G., (2010) The role of wind in the configuration of the ambient air quality in Athens,
Greece. Fresen. Environ. Bull. 19, 1989-1996.
[15] Xie, M., Zhu, K., Wang, T., Yang, H., Zhuang,
B., Li, S., Li, M., Zhu, X., Ouyang, Y. (2014)
Application of photochemical indicators to
evaluate ozone nonlinear chemistry and pollution control countermeasure in China. Atmospheric Environment. 99, 466-473.
[16] Javanmardi, P., Morovati, P., Farhadi, M., Geravandi, S., Khaniabadi, Y.O., Angali, K.A.,
Taiwo, A.M., Sicard, P., Goudarzi, G., Valipour, A., Marco, A.D., Rastegarimehr, B., Mohammadi, M.J. (2018) Monitoring the impact
of ambient Ozone on human health using time
series analysis and air quality model approaches. Fresen. Environ. Bull. 27, 533-544.

concentration when the wind has strong vertical
shear, which enhances the amount of mixing of
ozone from upper levels downwards. As for the relative humidity, its relationship with the ozone concentration varies with height: a wetter near-surface
layer is partially associated with lower ozone concentration, as it favors the photochemical process
that leads to ozone depletion. Meanwhile, higher humidity in the upper boundary is associated with
higher ozone concentration. This is different to the
situation at Tazhong station, where the link between
the two was always out-of-phase [22]. This could
also be attributed to some vegetation coverage at our
observational site that can modulate the near-surface
humidity condition. We have underlined a lack of
understanding of such a link: both the ozone concentration and the relative humidity are the product of
boundary layer development, rather than the relative
humidity affecting the ozone concentration. Future
studies should attempt to clarify this understanding.
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Advances in fire behavior prediction in Daxinganling Prefecture, where locates at northeast part
of China are driving the need for fuel moisture predictions that go beyond what is possible with fuel
moisture models currently in use. To establish accurate fuel moisture models, hourly measurements
were taken of moisture content in litter beds of different forest stands like   ,  
  and var.  under open, moderate, and shade conditions from September to October in 2010. Models were established
using three vapour-exchange methods such as Nelson and Simard methods, which employed the function of equilibrium moisture content (EMC), and direct regression methods. The former two methods
also used a timelag concept, and latter method estimating model parameters directly from fuel moisture
and weather observation data in the field. The results
indicated that the Nelson method correctly predicted
hourly litter moisture content in all forest stands, followed by Simard method, and direct regression
method. Different models generated from forest under shading conditions differently, but the coefficient of determinations of these models predicted by
three methods were not obvious. Moreover, the effect of Simard method by extrapolation was the most
satisfied for its minor deviations both on itself and
calculations of extrapolation matrix, while direct regression method is the least satisfied predication
model. Consider of the Simard and Nelson had similar accuracy, but Simard was more robust and simple estimation, therefore is recommended for predicting litter moisture in this region.

Fuel moisture content affects the possibility of
fuel ignition and the of fire spread rate [1-4]. Hence
prediction of fuel moisture is one of the most important tasks and practical purposes in fire danger
rating and fire behavior modelling and for planning
prescribed burns [1]. Moreover, it is important to
know when fuel will be sufficiently dry after rainfall
to become available to burn [5, 6]. As the previous
studies, usually a value of 25% is regarded as the
moisture threshold below which forest fuel can ignite [7]. However, accurate modelling of fuel moisture content is still needed for fire behavior modelling because 1% accuracy is required if the uncertainty of fire behavior modelling is to be limited to
50% [8]. Combined these two tasks, which are modelling fuel moisture content after rain and achieving
1% accuracy, can be accomplished jointly by modelling fuel drying processes with an initial moisture
content above the fibre saturation point, which is
0.35g.g-1 [1].
Till now, methods for modelling fuel moisture
content have been intensively studied. Early models
employed empirical functions directly derived from
field observations to relate fuel moisture or daily
changes in fuel moisture to weather variables. The
empirical functions such as direct meteorological regression method were either derived as statistical regressions [9] or by fitting parameters in equations informed by an understanding of fuel moisture processes [10]. These models have the advantage of being simple to apply, but are limited in their ability to
represent complex processes, poor accurate estimation (time interval is large), and hard to be extrapolated to other fuel types [11]. More recently, processbased models have been developed for litter fuels
[12, 13]. These models [14-17] explicitly represent
the processes that determine fuel moisture, they can
be adapted for use in complex or novel situations.
However, the process-based models associated with
empirical methods have drawbacks. Such as those by
Nelson (2000) [16] and Matthews (2006) [18], are
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The simple models are thus easier to use than empirical functions or process-based models but still have
adequate accuracy, which makes them widely applicable to fuel moisture modelling [7, 8], also because
of its vapour exchange method. Therefore, direct regression methods can sometimes be superior to
physical or semi-physical models [11] and are easy
to establish and use. Hence the accuracy of the direct
regression method for hourly fuel moisture prediction was also assessed for its potential use.
Apparently, more information is needed regarding details of applications of the vapour-exchange based methods. Especially, little is known
about the robustness and extrapolation errors of
modeling fuel moisture content of different stands by
direct estimation from observed data based on 1h
time interval. Thus, the aim of the current work was
to advance in determine if the Nelson, Simard, and
direct regression methods could be used for hourly
moisture prediction in Daxinganling Region, where
fuels are similar to those in Canada and other places
where the latitudes are high [26, 27]. Then, we chose
litters in forest types like   ,  
  and  var. - the
ecologically dominant - as the source of fuels, and
conducted a field experiment for the purpose. The
specific objectives of our study were as follows: (1)
test the accuracy fuel moisture prediction of three vapour-exchange methods (Nelson, Simard, and direct
regression models) on different stands under open,
moderate, and shade conditions and (2) determined
the most suitable method both based on the estimation and extrapolation results for the region. The purpose of this work would allow proper designing fire
protection management practices by using methods
that effectively predict the fuel moisture content in
Daxinganling Region, Heilongjiang Province,
China.

widely adaptable but limited in use owing to difficulties in parameterization and excessive computation time [8]. Especially the different equations are
needed for different forest types, which adversely increase the difficulties of variable condition calculation. Moreover, most of the studies on fuel moisture
modelling have excluded observed fuel moisture values above the fibre saturation point [5], which cause
inaccurate prediction results. Also, in these studies,
a frequently used concept is ‘timelag’, which is defined as the time taken for a fuelbed to achieve 63%
of its ultimate change based on the assumption that
the moisture content of the fuelbed converges exponentially towards its equilibrium value [7, 19, 20].
However, many studies did not take timelags into
consideration, which is not match for the real conditions.
From above. Vapour-exchange methods is best
for the purposes of being models to achieve 1% accuracy and timelags. There are two types of vapourexchange models: (i) ‘timelag’ models using timelag
and equilibrium moisture content (EMC), for example, Catchpole et al. (2001) proposed a ‘direct timelag’ method, with timelags estimated directly from
hourly (2-10 h) field observations, achieving less
than 2% accuracy when applied to fuels in Australia
[7]. This method has also been used to model hourly
fuel moisture dynamics of larch (  
(Ruprecht)   ) twigs [21] and fuelbeds of
Scots pine (   Linn. var. 
Litv) needles [1] under laboratory conditions. The
direct timelag method is obviously applicable on an
hourly rather than daily basis for more accurate estimation [7]. and (ii) ‘direct regression’ models that
use equations derived from direct regression analysis
between fuel moisture content and variations in
weather [22].
Therefore, accurately modelling fuel moisture
is important for fire behavior prediction and planning for hazard reduction burning [1, 21, 23]. Especially in Daxinganling Region, Heilongjiang Province, China, suffers great loss to human infrastructure from frequent forest fires [21]. Reducing the occurrence and size of fires in this region is a priority,
requiring improvement of fire danger rating. Hourly
fuel moisture prediction with adequate accuracy is
thus urgently needed in the region. The predictions
should both have an accuracy of 1% to limit fire behavior modelling at 50% uncertainty and should be
based on 1 h rather than to several hour intervals to
realize close to real-time fuel moisture prediction as
required by hazard reduction burning [7, 24]. The vapour-exchange methods such as Nelson and Simard
using timelag and EMC, are widely adaptable [8]. In
addition, except ‘timelag’ effect, ‘direct regression’
models that use equations derived from direct regression analysis between fuel moisture content and
weather variables [25]. Though, the direct regression
does not describe all processes involved in drying.
But they do not require high computation capacity.

   

67):5.6*)*5(4.36.215The study area was located at the Pangu Forest Farm, Tahe Forestry Bureau, Daxinganling Region, Heilongjiang Province,
China, with longitude and latitude of 52°41′57.1″N,
23°51′56.5″E (centre coordinates). The elevation is
300–900 m with a generally flat topography [21, 28].
The place has a cold, temperate, continental monsoon climate. Annual mean rainfall is 428 mm
(1951–2015a), and annual mean temperature (Ta) is
2.88 with highest temperature is 35.2 (in July of
the year) [1]. The zonal soil is brown forest soil. The
natural vegetation in the study area consists largely
of   ,     ,  
 var.  . For the massive destruction
of land cover and dramatic climate change, abnormal
weather happened more frequently, especially on
high temperature, low humid and gale weather,
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-&4&(6*4.56.(52+5&03/*3/265a
Pn
1
2
3
a

Tree species
 
   
var.

Longitude and latitude
123°44′58.6″
52°37′44.3″
123°44′56.3″
52°37′44.9″
123°44′57.8″
52°37′50.0″

A/m
491
506
534

H/m
14.5
9.0
27.5

DBH/cm
19.2
17.9
18.5

C
0.6
0.7
0.5

Pn represents plot number, A represents altitude, H represents height, DBH represents diameter at breast height and C represents canopy.


usually last about 120 d. Forest fires play a major
role in sustaining the regional ecosystem in the study
areas.

93*4.0*16&/ *5.,1 The experiment was
conducted from September to October in 2010
(known as the Forest fireproof period). Six sites were
chosen for fuel moisture measurement (see in Table
1). All sites were positioned on the flat places. All
sampling spots were required at the plot center,
where litter was evenly distributed.
For each plot, three cuboid plastic containers
(265×205×85 mm) with the bottom (2.5×2.5 mm
mesh size) and sides covered with nylon nets (1×1
mm mesh size) containing a lump of litter the size of
the tray were placed at the site from which the litter
lump was taken. The trays were weighed every hour
from 10:00–17:00 hours for consecutive 10 days in
surveyed time period. The litter in the trays was
taken to the laboratory and oven dried at 105.0°C for
24 h and weighed to obtain oven-dry mass to determine moisture as the fraction of water mass to dry
fuel mass after completion of field weight measurements. In total, a series of 80 moisture content data
points were acquired for each tray.
Meteorological data were obtained using an onsite ecological monitoring tower (CCAT-YD). a
(±0.2), relative humidity (RH) (±2%), average
wind velocity ( s) (±0.3m.s-1), wind direction ( d)
(±5°), and air pressure (P) (±0.3hPa) were continuously measured with time interval of 1 h.

*6*242/2,.(&/&1)52./82/70*64.(02.5674*
(216*16 0*&574*0*165 During our research,
Simard (Eq. (1)) and Nelson (Eq. (2)) functions were
used:

and  are empirically determined parameters
[1, 21].
Direct regression model is a multiple linear
model in the following form see Eq. (3):

(3)
 ()=0+1 + 2 +3 + 4 
where  is a weather variable for the current
temperature,
0-4 are the parameter estimated.

&6& &1&/:5.5 To improve the accuracy of
modelling, data points of >35% moisture were excluded for the research analysis, for fuel with >35%
moisture content usually cannot burn [7]. A 1-h interval was used for modelling. For each of the datasets, parameters were estimated using the timelag
methods (with EMC functions from Nelson (1984)
[15] and Simard (1968) [7] separately) and the direct
regression method.
For each of the data sets with sample size of ,
-fold cross validations were used to compute model
accuracy. The mean absolute error (MAE), mean relative error (MRE), and root mean square error
(RMSE) were then computed for each model using
the following Eq. (4), Eq. (5), and Eq. (6):
'
1  ⎡⎣   −   ⎤⎦
 = ∑
  =1


1
 = ∑ ⎡⎣   −  ' ⎤⎦
  =1
1

(1)


log  )


(6)

where  and ! are the observed and predicted fuel moisture content values for  validation,
 is the number of observations.
By using OriginLab. OriginPro 9.0 software
(OriginLab Inc., Northampton, MA, USA) simple
linear regression and correlation analysis were performed. Data processing and plotting were also completed with OriginLab. OriginPro 9.0 software.

2)*/5 42'7561*55 &55*550*16 For each of
the models estimate using three methods, the variation coefficient (VC) of the model parameters obtained from the n-fold cross validations of the model
were computed. For each of the three methods, minimum, maximum and VC of the MAEs and MREs

where e is EMC (%).

=  +  log(−

(5)

2 2
⎡1 
⎤
'
 = ⎢ ∑ ⎡⎣   −   ⎤⎦ ⎥
⎣⎢   =1
⎦⎥

⎧0.03 + 0.2626  − 0.00104 
(if  < 10)
⎪
 = ⎨1.76 + 0.1601 − 0.0266
(if 10 ≤  < 50)
⎪
2
(if  > 50)
⎩21.06 − 0.4944  + 0.005565 − 0.00063



(4)

(2)

where is the universal gas constant (8.314
J.mol-1.K-1),
 is the fuel temperature at time e is EMC
(%),
 is the molecular mass of water (18.0153
g.mol-1),
 is the relative humidity at time  (g.g-1),
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were computed for all the models established using
the Nelson, Simard, and direct regression method. A
method was regarded as robust if the all items of the
method were small.

moderate shade position (average values were 0.17,
0.20 and 0.15) were slightly higher than that of open
position (0.13, 0.15 and 0.17) and even in shade position (0.16, 0.19 and 0.18).

   

!&4.&6.215 2+ 6*03*4&674* 4*/&6.8* -70.)
.6: &1) 02.5674* (-&1,* .1 5&03/.1, 3/265 The
measured a and RH values of surface fuel at sampling sites can be seen in Fig. 1A, B below. The sampling sequences and moisture contents were remaining consistency, the time is from 10:00–17:00 in the
daytime (10 consecutive days). And the range of a
and RH were 1.9–14.6 and 0.24–0.99 ( 
), 2.1–16.1 and 0.23–0.99 (   ),
0.9–13.7 and 0.27–0.99 (  var
 ),respectively. In Fig. 2C, D, E, the fuel moisture content in     was lower than
that of other forest types (0.15 under open area, 0.20
under moderate shade area, and 0.19 under shade
area). However, there was not much difference between all forest types. Also, for different canopy
coverage conditions, there was not much difference
between open, moderate shade, and shade positions
either. Generally, the fuel moisture content with

2)*//.1, &4&0*6*4.5&6.21 The estimated
parameters of all models, which established using
the Nelson, Simard, and direct regression methods
are presented in Table 2 and 3. In Nelson method,
parameter α in in open area were lower than that of
moderate shade and shade areas (except cut-over
land), while β in in open position was higher than
that of moderate shade and shade positions (except
  and    ) The Neslon
timelags did not vary much among and within plots.
While, the Simard timelags increased from open to
shade positions in plots (except for  
  ). And compared to the Nelson timelags
(τ) ranged from 0.71 h to 5.87 h, Simard method
timelags ranged from 2.04 h to 23.20 h, which means
models established using Nelson method is superior
to Simard method. For the direct regression method,
the selected predictive variables were the current of
temperature and humidity. Among all methods, the
sequence of 2 values were direct regression
method< Simard method< Nelson method. The results proves Nelson method is suitable for models establishment among different forest types.



12
8
4
0

Mositure content (×100%)

Relative humidity (×100%)


A

16

0.35


 

C





0.30
0.25
0.20
0.15
0.10
0.05
0.00
0.35

B

0.8
0.6
0.4
0.2
0.0
0.35


D

0.30
0.25
0.20
0.15
0.10
0.05
0.00



C presents open plot
D presents moderate shaded plot
E presents shade plot

E

0.30
0.25
0.20



Mositure content (×100%)


1.0

Mositure content
(×100%)


Temperature ()

20

0.15
0.10

  
    
    var.   

0.05
0.00
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Sampling sequence

 
:1&0.(52+0*&574*)&.46*03*4&674*&1)4*/&6.8*-70.).6:&1)+7*/02.5674*(216*16571)*45-&)*
(21).6.215.15&03/.1,3/265

7319

$#

! %     





!"  ! 


 
56.0&6*)3&4&0*6*452+&//6-*02)*/5*56&'/.5-*)75.1,6-4**0*6-2)5a
 

Models
Parameters

Method

λ
α
β
τ

Nelson
method

2

λ
τ

Simard
method

2

0
1
2
3
4

Direct
regression
method

2

  

Open

Moderately
shade

Shade

0.78
0.50
–0.08
2.05
0.91
0.92
5.71
0.83
–0.86
0.00
0.18
0.00
0.07
0.46

0.71
0.52
–0.07
1.45
0.92
0.95
9.52
0.73
–0.04
0.00
0.01
0.00
0.20
0.65

0.89
0.59
–0.10
4.20
0.93
0.94
8.75
0.90
–0.69
0.00
0.03
0.00
0.20
0.24

 var.  

Open

Moderately
shade

Shad
e

Open

Moderately
shade

Shade

0.91
0.63
–0.11
5.15
0.91
0.95
9.64
0.89
–0.99
–0.01
–0.04
0.01
0.34
0.25

0.65
0.66
–0.10
1.15
0.91
0.93
6.92
0.78
–0.66
0.00
0.14
0.00
0.20
0.29

0.74
0.78
–0.12
1.64
0.90
0.93
7.18
0.79
1.77
0.00
0.09
–0.01
0.04
0.33

0.87
0.40
–0.05
3.65
0.90
0.96
11.18
0.84
–0.63
–0.01
–0.04
0.01
0.33
0.38

0.88
0.59
–0.10
3.85
0.92
0.94
8.43
0.89
–0.43
0.00
–0.02
0.00
0.25
0.25

0.89
0.56
–0.08
4.25
0.91
0.97
18.39
0.86
0.34
–0.01
–0.17
0.01
0.35
0.32

Parameters for models established using the Nelson and Simard methods are defined in Eq. (1) and Eq. (2). 0-4 are constant,
Direct regression are defined in Eq. (3) and its coefficients for current temperature and humidity. 2 is the coefficient of determination.Same below with Table 3.
a


0.05

0.10

B

0.08

0.03

0.3

0.06

0.02

0.2

0.04

0.01

0.1

0.02

0.00

0.0



0.5

D




0.10

E

0.03

0.3

0.06





0.05

0.2

0.04

0.1

0.00


G

F

RMSE

0.08

MRE

0.4

0.01

Nelson method
Simard method
Direct regression method

0.00

0.04

0.02

C



0.4



0.04

0.05

MAE




0.5

A

0.0
0.5

0.02

H

0.00
0.10

0.4

0.08

0.03

0.3

0.06




0.04


I

0.02

0.2

0.04

0.01

0.1

0.02

0.00

0.0

0.00

 
203&4.5212+ &1).16-*6-4**0*6-2)5 34*5*165  
34*5*165    34*5*165   8&4   
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0.25

A

B Moderately shade

Open
2=0.911
2=0.895
2=0.681

0.20

C

2=0.828
2=0.798
2=0.455

Shade
2=0.933
2=0.891
2=0.808





0.15
0.10


0.00

D



0.25

2=0.950
2=0.945
2=0.485

0.20



E Moderately shade

Open

Sahde

F

2=0.662
2=0.66
2=0.542

2=0.915
2=0.912
2=0.496



0.15



Predicted fuel moisture content values (×100%)

0.05

0.10
0.05


0.00

G



Open
2=0.740
2=0.699
2=0.574

0.25
0.20


I

H Moderately shade

Shade
2=0.937
2=0.931
2=0.504

2=0.899
2=0.898
2=0.618





0.15
0.10
Nelson method
Simard method
Direct regression method
1:1 line

0.05
0.00
0.00

0.05

0.10

0.15

0.20

0.25 0.00

0.05

0.10

0.15

0.20

0.25 0.00

0.05

0.10

0.15

0.20

0.25

Measured fuel moisture content values (×100%)
  
203&4.5212+0*&574*)&1)34*).(6.8*8&/7*(&/(7/&6*)':6-4**0*6-2)5 34*5*165
   .34*5*165    34*5*165   8&4   





203&4.5212+6-4**0*6-2)5&((74&(:. Fig.
2 shows the errors (MAE, MRE, and RMSE) of all
models established using three methods. Generally,
for the Simard method, the mean MAE and MRE
values were the least, which were 0.02, 0.28, and
0.02, then follows the Nelson method. And the direct
regression method, the mean MAE, MRE, and
RMSE values were the highest, which were 0.02,
0.32, and 0.03. Besides, the mean MAE, MRE, and
RMSE differed greatly in sampling plots and shade
conditions. In    plot, MAE, MRE,
and RMSE of methods were relatively higher. Moreover, for the most of sampling plots, errors in open
position was slightly lower than that of moderate and
shade positions, though this trend is not obvious. In
general, all the models established using three methods obtained better results, and the sequence of three
methods accuracy are: direct regression method<

Simard method< Nelson method.
Further, we carried out a regression analysis between the measured and the predicted fuel moisture
content values by using three methods (see in Fig. 3).
The results showed that all the methods could obtain
accurate results in sampling plots. For most of plots,
the simulated values were highly linearly correlated
with the measured values, and the predict data and
the calculated data distribute relatively well at the
side of 1:1 line. But for open, moderate shade, and
shade positions in different sampling site, the results
differed. Basically, 2 in open position was slightly
higher than that of moderate and shade positions.
And the sequence of precision and reliability of
methods were: direct regression method< Simard
method< Nelson method, which the results agreed
with the conclusion above.
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&64.(*556&6.56.(52+6-4***964&32/&6.21*44245.1&//5&03/.1,3/265&
Position

Error

MAE

Open

MRE

RMSE

MAE
Moderate
shade

MRE

RMSE

MAE

Shade

MRE

RMSE

Method

Means

Variable
coefficient

Maximum
error

Minimum
error

Nelson
Simard
Direct regression
Nelson
Simard
Direct regression
Nelson

0.025(0.026)
0.020(0.020)
0.048(0.074)
0.767(0.026)
0.666(0.018)
1.022(0.055)
0.034(0.344)

0.319(0.336)
0.563(0.562)
0.243(0.030)
1.981(0.366)
2.099(0.438)
1.691(0.439)
0.340(0.034)

0.038(0.039)
0.040(0.040)
0.066(0.054)
3.865(0.042)
3.520(0.030)
4.547(0.103)
0.054(0.015)

0.017(0.019)
0.011(0.011)
0.031(0.041)
0.104(0.017)
0.061(0.011)
0.179(0.033)
0.025(0.0001)

Simard

0.028(0.017)

0.491(0.458)

0.055(0.030)

0.017(0.011)

Direct regression
Nelson
Simard
Direct regression
Nelson
Simard
Direct regression
Nelson
Simard
Direct regression
Nelson
Simard
Direct regression
Nelson
Simard
Direct regression
Nelson
Simard
Direct regression

0.058(0.043)
0.025(0.773)
0.018(0.670)
0.053(1.024)
0.177(0.184)
0.137(0.138)
0.323(0.337)
0.034(0.157)
0.028(0.124)
0.062(0.283)
0.019(0.034)
0.017(0.028)
0.039(0.060)
0.144(0.034)
0.122(0.028)
0.259(0.064)
0.028(0.028)
0.024(0.024)
0.048(0.052)

0.204(0.201)
0.361(1.968)
0.451(2.097)
0.470(1.664)
0.584(0.545)
0.862(0.844)
0.299(0.269)
0.343(0.612)
0.465(0.713)
0.388(0.382)
0.479(0.340)
0.484(0.491)
0.325(0.215)
0.730(0.343)
0.737(0.465)
0.501(0.368)
0.430(0.430)
0.607(0.607)
0.312(0.222)

0.073(0.058)
0.038(3.878)
0.030(3.536)
0.102(4.498)
0.383(0.378)
0.358(0.357)
0.471(0.462)
0.050(0.332)
0.050(0.285)
0.107(0.475)
0.036(0.054)
0.030(0.055)
0.060(0.077)
0.337(0.050)
0.287(0.050)
0.483(0.108)
0.049(0.049)
0.049(0.049)
0.071(0.070)

0.042(0.033)
0.017(0.117)
0.010(0.065)
0.035(0.224)
0.101(0.096)
0.058(0.062)
0.197(0.187)
0.020(0.088)
0.015(0.065)
0.040(0.195)
0.012(0.025)
0.011(0.017)
0.025(0.048)
0.059(0.020)
0.058(0.015)
0.149(0.038)
0.017(0.017)
0.013(0.013)
0.029(0.036)

a

Values before the parentheses indicates error of which contained models on calculations of extrapolation matrix (=288);
Values in the parentheses indicates extrapolation error of which contained models on itself of extrapolation matrix (=306)

55*550*162+02)*/42'7561*55In this section, a model was considered to be stable if these
VCs were small. For each of the three methods, minimum, maximum and VC of the MAEs and MREs
were computed for all the models established using
the Nelson, Simard, and direct regression method.
Table 3 showed that variation coefficients varied
greatly during cross-validation. The Simard method
had the smallest VCs both for MAE and MRE, followed by Nelson method, then direct regression
method. For the Nelson method, the mean MAE,
MRE and RMSE values were 0.025, 0.767, and
0.034 (open position) (values before the parentheses); 0.025, 0.177, and 0.034 (moderate shade position), and 0.019, 0.144, and 0.028 (shade position).
For the Simard method, the mean MAE, MRE and
RMSE values were 0.020, 0.666, and 0.028 (open
position); 0.018, 0.137, and 0.028 (moderate shade
position), and 0.017, 0.122, and 0.024 (shade position). And for the direct regression method, the mean
MAE, MRE and RMSE values were 0.048, 1.022,
and 0.058 (open position); 0.053, 0.323, and 0.062
(moderate shade position), and 0.039, 0.259, and
0.048 (shade position). Moreover, minimum and
maximum of MAE and MRE of the three methods in
Table 3 reveal great variations for all the three methods when they were applied to sampling plots. Also

great range in direct regression method, and smaller
range in Simard method. Same results occurred in
cross-validation when all the models take into consideration (=306) (see matrices statistics of three
extrapolation errors within the parentheses). To sum
up, the effect of Simard method by extrapolation was
the most satisfied for its minor deviations both on itself and calculations of extrapolation matrix, while
direct regression method is the least satisfied predication model.
 
The moisture content of litter is an important
variable determining fire ignition and behavior. Because field measurement of litter moisture content is
labor intensive, and because of the need to predict
litter moisture content for planning prescribed burning and wildfires up suppression operations, models
have been developed to predict fuel moisture from
weather observations [18]. To date, vapour-changed
methods include Nelson, Simard, and direct regression methods can be explicitly represents the physical processes that determine the litter moisture content after the precipitation, and for its simple to calculate, it is widely use in places where forest fire
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variation. In our studies, the Nelson and Simard
timelag methods had accuracies less than 1%, similar
to MAE ranged from 0.8 to 1.9% conducted by
Catchpole et al. (2001), [7] indicating the two
timelag methods can be used to predict moisture
content of litter beds in forst stands in the region.
Considering these two methods have sufficient
accuracy levels needed for accurate fire behaviour
prediction and applicable robustness, the Simard
method is may the most suitable for the region both
for its reliable timelags and accpetable error of
modelling. While, The direct regression method had
the largest errors and least steadiness of the three
methods and cannot be used for such a purpose of
fire planning and management.
Some limitations exist in our study, such as that
humidity used here was not measured near the fuel
surface or computed using published functions [19];
the same EMC functions were used for adsorption
and desorption processes; and only autumn data
were used. These need further improvement. Also,
the further suggests wide applicability of the
improved or more physical-drive method should be
developed.

happens frequently. However, the relative studies
have been taken in Daxinganling prefecture, Northeastern China, and more accurate models based on 1h time interval should be established.
Stand features affect composition and structure
of the surface fuelbed and thus the moisture regime
of the fuelbed [1, 14, 21]. During our studies, the results showed that heterogeneities occurred in tiny
fuel moisture contents among the open, moderate
shade, and shade positions. The reason could be in
the shade areas, because of insufficient of sunlight
and lower temperature, the water evaporation processes was slow. Though these differences were not
obvious. Also parameters did not show explicit relationships between different sampling sites. Also, the
models established in different shading conditions
did not show as significantly different patterns between sampling positions as expected. This indicates
that some factors such as solar radiation and wind
velocity might vary significantly between these positions although they were not dominating factors.
And compare to the different forest types, shade condition affect the models accuracy slightly, which
means in this region, stand features like shade condition is the least factor to consider.
In fuel moisture content modelling estimating
by Nelson method, parameter β could reflect the sensitivity of equilibrium of fuel moisture content to
temperature and humidity [14, 21]. The lower absolute β values means more sampling water content
holding capacity. The Nelson model parameters here
were 0.35–0.78 for α and –0.05– –0.011 for β, which
is in agreement with the literature like Catchpole et
al. (2001) (0.26 to 0.37 for α and –0.05 to –0.08 for
β) [7] and from Slijepcevic et al. (2013) (0.28 to 0.41
for a and –0.04 to –0.07 for β) [29]. However, the
timelags estimated here were higher than those in
Catchpole et al. (2001). Difference in fuel conditions
and experimental condition are reasons. Fuel trays
on the ground were placed during the Catchpole research, while in our studies, we placed fuel trays with
the top surface horizontally in case of prevent moisture exchange rapidly, and thus has a larger timelags.
Moreover, timelags in open position was smaller
than that of in moderate shade and shade positions,
which proves that timelags in our research is higher
than in fuels in Catchpole et al. (2001) [7]. The timelag estimated by the Simard method was obviously
higher than that by the Nelson method. The EMCs
computed by the Simard function were 2 to 4 times
higher than those computed by the Nelson function
in the parameterisation, yielding larger timelags for
the Simard method. The Simard timelags are similar
to those of fuelbeds of birch litter (9.35 h) and of
larch needles (25.3 h) determined by Liu (2007) [30]
using a constant temperature-humidity chamber in
the laboratory, indicating that the timelags estimated
by the Simard model here could be more reliable
than that of the Nelson method.
VC values were considered to reflect a small

 
Fire behavior prediction requires models of
dead fuel moisture that are both accurate and suitable
for use for operational applications. The paper investigates the accuracy and extrapolation of three methods in Daxinganling Prefecture, where locates at
northeast part of China during the period of autumn
in the yare of 2010. Among all the methods, the Nelson method correctly predicted hourly litter moisture
content in all forest stands, with least MAE, MRE,
and RMSE. While direct regression method was the
least capable of reproducing the prediction model.
Plant coverage have impact on fuel moisture, then
has effect on modelling. Under moderate shade position, little changes happened on the forest stands,
while litter fuel moisture profile under open position
was correctly predicted by three methods. The effect
of Simard method by extrapolation was the most satisfied for its minor deviations both on itself and calculations of extrapolation matrix, while direct regression method is the least satisfied predication
model for its great deviations. Consider all these,
Simard was more robust and only needed estimation
of one parameter and hence is recommended for predicting litter moisture in this region.
"
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ABSTRACT

order of vegetation coverage was evergreen tree >
deciduous trees > farmland > grassland.

With the modification of urban structures and
increasingly expanding urban areas, there will be a
greater demand for urban greening as an important
means to improve the urban environment. Urban
green space systems are the main natural productive
areas that play an important and positive role in ecological structure of the city. Changchun city in northeast China as was selected case study region for
green spaces. Remote sensing data from SPOT 5 and
the American Landsat TM data were used to extract
vector data of urban borders and green spaces by
man-computer interactive interpretation method
based on experience. Also, the Normalized Difference Vegetation Index (NDVI) was estimated by a
quantitative remote sensing method. The vegetation
fraction is a general and quantitative index related to
vegetation growth and has many important applications in evaluating land desertification, water resources, regional ecology, and global change research. The fractional coverage of vegetation was selected and estimated by ³vegetation-impervious surfaces-soil´ and physically explicit linear spectral
mixing models. The spatial distribution of different
green space types, compositions, and vegetation coverage were further analyzed by spatial analysis technology in a geographical information system. The results show that attached green space covered the
highest area in Changchun city, followed by parkland with the two types accounting for 76.5% of the
total area. Residential green space covered in the
fourth largest area at 5.0%, which indicated that
there was some green space associated city resiGHQWV¶ daily life. The areas containing deciduous
trees is largest compositional fraction at 45.1% of all
the green space followed be grassland, with the two
types accounted for 89.7% of the total area. Farmland and evergreen tree comprised the remaining
small proportion. There are clear differences among
vegetation coverage in the green space of Changchun city in terms of the NDVI (Normalized Differential Vegetation Index). Due to the distribution of
the large amount of water in park land of Changchun
city, the NDVI and vegetation fraction value was
much lower in the whole park land. From the composition of green space, the results showed that the

KEYWORDS:
Green space, vegetation coverage, quantitative remote
sensing, spatial analysis, Changchun City

INTRODUCTION
As the natural productivity and cultural entity
in the urban ecosystem [1], urban green spaces improve the urban climate conditions, reduce the pressure on urban environment, and improve the urban
livability through a series of ecological effects [2]. In
recent years, with the acceleration of urbanization
and associated environmental problems, there is a
rapid transformation of land use patterns. The transformation significantly affects the spatial distribution of urban green spaces, which in turn substantially influence the structure and ecological services
function of urban green space [3]. As a regulator of
the urban environment, urban green spaces play an
important role in the environment with social and
economic benefits [4]. Urban green space landscapes
have become increasingly recognized as vital to the
urban ecological environment and sustainable development.Since the 1990s, urban landscape ecological
research has gradually developed under the support
of remote sensing (RS) and geographic information
system (GIS), which permits the patterns and evolution of urban landscapes to be analyzed [5]. Spatialpattern research of urban green spaces had a new
breakthrough where urban green space measured
from qualitative descriptions and quantitative analysis [6]. The normalized differences vegetation index
(NDVI) is used to characterize the vegetation cover
of land surface and vegetation growth, with has been
widely used in the environmental, ecological, agricultural, and other fields [7, 8]. In addition, the Vegetation Fraction (VF), which is based on the decomposition technology of mixed pixels [9], is more effective revealing the vegetation cover of the green
spaces [10, 11].
Changchun city in northeast China as was selected case study region for green spaces.
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green space with randomly selected locations along
the traffic routes [14] and the results showed 92%
accuracy rate.
Using the spatial analysis function in ArcGIS
10.0, a spatial overlay analysis was performed between the types and composition of green space and
NDVI [16]. The relationship between green space
and the VF was similarly analyzed.

Comprehensive classification principles of urban developed areas are applied herein, with a focus on the
evolution of urban spatial structural influences on
the natural ecological system. The process of urbanization is reflected by the surficial state of natural
cover to that of artificial building land conversions.
The degree of infrastructure and the complement of
degree of contact with green space in a city is used
to judge quality of life standards. The spatial information of the urban and rural boundaries in Changchun city were extracted based on remote sensing
image and topographic maps in combination with
field survey data. Green space information was extracted from SPOT5 images. The NDVI and VF
were estimated by quantitative remote sensing methods based on Landsat Thematic Mapper (TM) images. This research has important application value
for protecting and planning the structure and function of urban green spaces, as well as improving urban and residential environment.

Calculation Of NDVI. The NDVI was determined after nonlinear normalization processing of
RVI (Ratio vegetation index) [15], which has a close
relationship with vegetation coverage and biomass.
The RVI is enhanced by the responsiveness of vegetation, so it is an important index to study the effects
of the vegetation change [16]. Conditions for growing plants, such as coverage and the seasonal dynamic changes directly correspond to the changes in
the vegetation index [17-19]. The equation for vegetation index is as follows:

(TM 4  TM 3) /(TM 4  TM 3)

NDVI

(1)
The value of TM 4 is greater than that of TM 3 in
vegetation, whereas other types of ground objects the
relationship is the opposite; therefore, there is generally vegetation present when the NDVI value > 0
values.

MATERIAL AND METHOD
Data And Image Pre-Processing. In the
northeast of China, the phenological characteristics
and vegetation growth limit the acquisition time of
remote sensing images between late August to the
middle of September. The SPOT 5 satellite, which
was launched on September 12, 2004, provides multispectral and fused imagery with spatial resolutions
of 10 m and 2.5 m, respectively. This imagery was
used to extract green space landscape data and validate the classification accuracy of the vegetation
coverage. The TM image dated on September 8,
2005, which show remarkably clear atmospheric
conditions and no influence of clouds, were used for
estimating the VF and NDVI.
Following the landscape classification schemes
in the regarding green space in the published literature [12, 13], we restricted the spatial information of
green space classes based on Town Cadastral Survey
Procedures (TD1001-93), the Ministry of Land and
Resources P.R.C. In addition, we considered comprehensive differences in green space and their different functions in Changchun city. The classes include parkland (PK), attached green space (AGL),
residential yards (RY), trees nurseries (TN), buffer
green space (BGL), other green space (OGL), and
agricultural land (AL). In addition to the agricultural
land, composition was classified into evergreen trees
(ET), deciduous trees (DT), and grassland (GL). Urban green space landscape information was extracted
using a geological correlation analysis method and a
man-machine interactive interpretation base on experience. The spatial scale used is 1:10 000. Also,
data were compared with field surveys, 2004 aerial
photos, Google Earth, an urban topographic map
(scale = 1:500) (33), part of the topographic map (11).
We evaluated the classification accuracy of urban

Calculation Of Vegetation Fraction. The urban vegetation fraction was estimated by the vegetation-impervious surface-Soil (VIS) and linear spectral mixture models (LSMM). For TM images with
30 m resolution, which is due to the high spectral
heterogeneity, these are most likely to be mixed
pixel. The vegetation fraction was determined based
on the decomposition of mixed pixels [9]. The concept of vegetation fraction refers to the ratio of the
reflectivity of trees in total reflectance to an individual pixel.
The image of any spatial resolution has mixed
pixels and the pure land types in each mixed pixel
are called an end-member. The mathematical model
of linear spectral mixtures is defined as followed:
n

Ri

¦f

k

Rik  H i

k 1

(2)
where i = 1, 2,... m (spectral band number); K =
1, 2,... n (components); Ri is the reflectivity of endmember k in band i, and its composition contains one
or more components of end-member; fk is the proportion end-member k in the pixel; Rik is reflectivity of
H
end-member k in band i, i is the model fitting error
in band i.
Solving Ri should meet the following two constraint conditions, namely:
n

¦f
k 1
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showed values greater than this at 0.325. This is
mainly due to the artificial planting of various vegetation types in trees nurseries, which included general nursery items, home garden, forestry, and agricultural plants. This growth is distributed in plate
shape and the spatial distribution of vegetation is
dense. There are grasslands and evergreen and deciduous trees, which occupied a large proportion.
This is followed by agricultural land with a mean
NDVI of 0.230. Although agricultural land is artificially cultivated, the growth was dense and the different planting of crops showed significant differences in NDVI mean values. There were no tall trees
on the agricultural land. The NDVI mean value of
the buffer green space was higher, which related to
the function of the buffer green land, such as, wind,
pollution, and noise reduction such that the vegetation density was larger is greater. In Changchun city,
the NDVI mean value was low. The minimum NDVI
mean value is found in the residential yards. In more
recent development areas, greater priority was given
to building a greenbelt. Even so, there was substantial man-made destruction such that the vegetation
density is low.

Model fitting precision can be appraised by re-

H
sidual term i or RMSE of m band, namely:
m

RMSE

(¦ H i2 ) / m
i 1

(4)

RESULTS
1'9,2I'LIIHUHQW7\SHV2I*UHHQ6SDFHV
Spatial overlay and statistical analysis was performed on vector data of green space types (Figure
1) and raster data of NDVI (Figure 2) in order to
study urban vegetation spatial characteristics of different functions of green spaces. The mean value reflected the average condition of the overall green
space. The standard deviation reflected the overall
values with respect to the mean value. The results are
shown in Figure 3.

0.50
0.40

0.325

NDVI

0.30
0.214
0.20

0.164

0.160

0.230
0.195

0.114

0.10
0.00
-0.10

FIGURE 3
NDVI mean values of different green space types

FIGURE 1
Spatial distribution of green space types in
Changchun City.

1'9,2I'LIIHUHQW&RPSRVLWLRQV2I*UHHQ
6SDFHV The diversity of green space (Figure 4) is
directly determined by the differences of NDVI
mean values. The composition has a direct impact on
vegetation, coverage, and seasonal dynamic
changes. The NDVI mean value of different compositions of green space is shown in Figure 5. Evergreen and deciduous trees are the most stable types,
showing no obvious seasonal change with greater
growth and coverage that gives the highest NDVI
mean value. Agricultural land showed high interference with a NDVI mean value followed by deciduous trees. The grasslands have the lowest NDVI
mean value, because there was grater human disturbance such that the total vegetation cover was not
high.

FIGURE 2
Spatial distribution of NDVI in Changchun City
The NDVI reflected the spatial distribution
density of land surface vegetation. The mean NDVI
value for most of the green space in Changchun city
was between 0.1 and 0.3. Only trees in nurseries
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nursery is followed by agricultural land because it
must maintain a certain space for the growth of the
crops. Vegetation coverage of other green spaces
also shows higher values that are associated with the
areas where there is relatively less human activity
and undeveloped land. The natural growth comprises
a greater proportion that is less affected by human
disturbance and destruction. Although the parkland
is mainly dominated by trees, grassland, and other
vegetation types, the human activity is concentrated
in these places with some squares, building, etc., thus
showing low mean VF values. The minimum VF
mean value is found in residential yards, which has
a positive relationship between its distribution and
man-made development.

FIGURE 4
Spatial distribution of green space compositions
in Changchun City.
y = 0.0142x2 - 0.0818x + 0.3218
R² = 0.5004
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FIGURE 5
NDVI mean value of different green space
compositions.

FIGURE 6
Spatial distribution of vegetation fraction in
Changchun City

9HJHWDWLRQ )UDFWLRQ 2I 'LIIHUHQW 7\SHV 2I
*UHHQ6SDFHThe vegetation index has been popular for studying the vegetation distribution in the past.
However, recent studies have demonstrated that the
vegetation index is not a very good estimate for the
number of different kinds of vegetation. This is because the vegetation index is a combination function
of the vegetation canopy in red and near infrared
band reflection values, but also includes the reflection of background features. In addition, the index is
affected by vegetation type, leaf area, and shadows.
This is especially true in the urban areas due to the
nature of the underlying surface and atmospheric
pollution effects. The calculation of vegetation index
for such is therefore obviously low [18]. As such, a
vegetation fraction is estimated that could characterize the real vegetation cover. The vegetation fraction
results are shown in Figure 6.
Figure 6 shows the VF mean value for different
green space types. The error bar is at one standard
deviation. The statistical results showed that the VF
mean value is higher than NDVI mean value in general, but the overall trend is similar. The maximum
VF mean value, which is related to its composition
and function, is found in the nursery spaces. The
nursery stock provides flowers and seeds for the city,
which mainly includes gardens, agriculture, etc. The

0.50
0.40


0.322
0.30

0.237
0.196

0.20

0.239

0.250

0.197
0.155

0.10
0.00

FIGURE 7
Vegetation fraction mean value of different
green space types.
9HJHWDWLRQ )UDFWLRQ 2I 'LIIHUHQW &RPSRVL
WLRQV2I*UHHQ6SDFHFigure 8 shows the VF mean
value in different green space compositions. The results show that the overall trend found in NDVI
mean values. The most stable community is evergreen and deciduous trees within the city, with a
maximum VF mean value of 27% and 26% respectively, followed by the agricultural lands at 25%, and
the minimum value in grasslands at 19%.
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0.30

0.27

0.26

spaces, we should comprehensively consider the
vegetation and patch characteristics, in order to maximize ecological function. By analyzing the change
of vegetation cover, this could be more useful to
overall quantitative evaluation, which is of great interest in designing urban vegetation coverage surveys and monitoring systems.

y = 0.0175x2 - 0.1005x + 0.3625
R² = 0.5342
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FIGURE 8
Vegetation fraction mean values of different
green space compositions.

CONCLUSIONS
TKH FRPELQDWLRQ RI ³YHJHWDWLRQ-impervious
surface-VRLO´ and linear spectral mixture models
have clear physical meanings toward reasonably estimating the urban vegetation fraction, which is more
rigorous than the NDVI characterization of vegetation coverage. In addition, the integration of minimum noise fraction (MNF) changes, pixel purity index (PPI), and n-D visualizer extractions of endmembers are could be used to extract the parameters
of land surface cover. This could significantly reduce
the uncertainty due to individual biases of different
researchers, as well as automating the process in
batches.
The coverage area of attached green space was
the greatest out of all kinds of green space in developed areas, followed by the parkland, of which two
types accounted for 76.5% of the total area. The residential yards covered fourth greatest area at 5.0%
and showed that green space is closely related to peoSOHV¶daily lives. In general, the total green space is
lacking and the distribution was imperfect in the developed areas of Changchun City. From the composition data, the area of deciduous trees was the greatest in developed areas accounting for 45.1% of all
the green land. This is followed grasslands with both
accounting for 89.7% of the total area. In addition,
the agricultural land occupied a fixed proportion
with a low proportion of evergreen trees. The distribution of green space is not evenly distributed and
thus does not provide a full ecological service function.
There are clear differences in vegetation cover
of Changchun city. The function of green space can
be seen in the maximum NDVI and VF mean values
differences between nurseries and agricultural land.
There is a large amount of water distributed in the
parkland of Changchun city with associated low
NDVI and VF values. From the composition of
green space, the results show that the vegetation
comprises, in order from high to low, evergreen
trees, deciduous trees, agricultural land, and grasslands. Thus, in the development of urban green

LBH--Z17001), University Nursing Program for
Young Scholars with Creative Talents in Heilongjiang Province.
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pollutant has been of particular interest [6, 7].
Mainly due to low toxicity of iron, ZVI particles has
been studied for dechlorination of the contaminant
from ground water [8-10]. Iron in its zero valent state
act as reducing agent and donate electrons for reductive dechlorination of the chlorinated contaminant,
and converts it to non-halogenated products and
chloride irons [11]. Due to rapid dechlorination and
convenient application, ZVI particles has been
shown to effectively treat underground water [12,
13]. Nano sized zero valent iron (nZVI) particles offer higher surface area and have shown improved
dechlorination compared to microscale ZVI [12, 11].
It is well known fact that nanoparticles tend to agglomerate due to interactions between colloidal nanoparticles and increased surface to volume ratio.
Therefore, this results in a challenging task to stabilize colloidal particles by avoiding agglomeration,
otherwise agglomeration results in loss of peculiar
properties that are displayed at nano-scale [14]. Mesoporous silica is a good candidate to be used as support material for nanoparticles due to its high surface
area (~500-1000 m2/g) and desirable pore size (2-50
nm), thus having potential to stabilize the nanoparticles while maintaining their high activity [15]. The
present study focuses on synthesis and characterization of iron loaded spherical mesoporous silica particles (Fe-SMSPs) and their demonstration for
dechlorination of trichloroethylene in water.

ABSTRACT
Iron loaded spherical mesoporous silica particles were synthesized to prevent agglomeration of
iron particles. By carrying out sol-gel process in
presence of dissolved ferric salt and subsequent reduction of the obtained particles yielded zero valent
iron loaded spherical mesoporous silica particles.
The results indicated that mean diameter of the particles reduced from 627 nm to 229 nm on increasing
the iron content from 0.00 mmol to 1.25 mmol, depicting an inverse relationship between the particle
size and molar ratio of the iron salt. The surface area
analysis at lower iron loading revealed surface area
of the particles significantly high (417 m2/g). In
batch experiments, the synthesized particles successfully removed 95% of trichloroethylene in short duration (60 min). The results of this study illustrate the
potential use of iron loaded spherical mesoporous
silica particles for dechlorination of chlorinated organic compounds in underground waters and contaminated soil.

KEYWORDS:
Mesoporous Silica, Dechlorination, Trichloroethylene,
Sol-Gel

INTRODUCTION
MATERIALS AND METHODS

Chlorinated organic compounds have been
widely introduced in environment due to human and
industrial activities [1]. Trichloroethylene (TCE) is
among the most prevalent pollutants present in environment [2]. TCE has been linked with occurrence
of skin rashes, liver problems, hearing impairments,
liver problems, blood and urinary tract disorders and
different forms of cancer [3, 4]. Therefore, serious
and immediate coordinated efforts are required at
global scale to address the environmental challenge
[5].
Among different methods and techniques to remove TCE from the environment, zero valent iron
(ZVI) particles to reductively dechlorinate the

Chemicals and materials. Hexadecyltrimethylammonium bromide (CTAB) 98%, tetraethyl orthosilicate (TEOS) 98%, ethanol (absolute, anhydrous), 28-30 % ammonia, iron (III) nitrate nonahydrate 99.9%, n-hexane 95%, trichloroethylene (TCE)
99.5% and sodium borohydride 99% were purchased
from Sigma-Aldrich. Deionized water (18.2
0FP ZDVREWDLned from a MilliQ water purification system.
Procedures. For synthesis of SMSPs, the molar ratio of the reagents TEOS:CTAB:NH3:
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Nylon syringe filters into vials. For HPLC analysis
the samples were used as such whereas for mass
spectrometry the samples were extracted in 2 mL of
n-hexane. For extraction in n-hexane, the vials containing sample were added with 2 mL of n-hexane
and shaken for 15 min. The hexane was then separated using a separation funnel and stored in air-tight
vials for further analysis with mass-spectrometry.

C2H5OH: H2O was 1:0.2:19:230:370. Briefly, a 100
mL round bottom flask was charged with magnetic
stirrer. Then water (7.24 mL), ethanol (18.02 mL)
and ammonia solution (2.12 mL) were added to it
and mixed before adding CTAB (100 mg). The solution was stirred till complete dissolution of CTAB
and then TEOS (306μL) was added dropwise to it
over 5 minutes. The mixture was then stirred at
20 °C for 1 h. The solution was then filtered with
47 mm Nylon filter with 0.2 μm pore size through
vacuum filtration assembly, washed with deionized
water and then with absolute ethanol. The obtained
white powder of SMSPs was dried at 70 °C in a vacuum oven for 3 hours. Dried SMSPs were then calcined at 550 °C for 5 h in alumina crucibles.

Instrumentation. The ATR-FTIR spectra for
the present investigation were recorded on a Thermo
Nicolet Nexus 670 FTIR with ATR sampling accessory and diamond window, with wavenumber from
4000-400 cm-1. For all samples, 16 scans were run
for each spectrum with air as background medium.
Powdered samples of SMSPs and Fe-SMSPs were
placed directly on the diamond window for spectra
recording. ATR-FTIR data was analysed using the
µ201,& VRIWZDUH¶ package supplied by Thermo
Fisher. Raman spectra were recorded on Renishaw
RM1000 Raman Microprobe working in Raman
shift range of 200-1200 cm-1 and equipped with a
785 nm solid state diode laser. The samples were introduced into Leitz microscope attachment with x50
objective lens. GRAM32 (software by Thermo Scientific) and OMNIC (software by Thermo Fisher
Scientific) were used for data acquisition and data
processing.
SEM images were recorded using a Hitachi SU70 analytical ultra-high resolution (UHR) field emission gun SEM (FEG-SEM) equipped with EDX to
determine elemental composition of the sample surfaces. The samples were prepared by dispersing in
ethanol and dispensed on double sided carbon tape
mounted on aluminium studs. The sample particles
were coated with a layer of carbon, after evaporating
ethanol. To record TEM images of the synthesized
samples, the powder was suspended in ethanol and
sonicated for even dispersal. The material was
mounted on a copper grid (Agar Scientific) and ethanol was evaporated, leaving behind only the synthesized particles. In the present investigation, grid
mounted in a JOEL JEM-2100F Field Emission Gun
Transmission Electron Microscope (FEG-TEM) was
used. Powder XRD (Philips PW-1830) equipped
with Cu anode was used for recoding the diffraction
pattern of the samples. Each sample was loaded in a
FDYLW\RIDQDOXPLQDKROGHUDQGVFDQQHGIRUșDQ
gles between 10° - 80°. The XPS spectra were recorded on Kratos AXIS 165 spectrometer a having
hemispherical analyser (165 mm diameter) and an
eight-channel detection system.
The BET surface area of the synthesized materials in the present study was determined through N2
adsorption-desorption isotherm at 77 K and P/P 0 of
0.05-0.3 using Micrometrics ASAP 2020 Porosimetric test station. For this purpose, each sample was degassed thoroughly for 3 hours prior to measurement.
Pore volume is determined by P/P0 from the isotherm
linear plot. In this study, the samples after

Synthesis of Iron Loaded Spherical Mesoporous Silica Particles (Fe-SMSPs). Incorporation of
iron into SMSPs was achieved by dissolving different amounts of Fe(NO3)3.9H2O in the sol-gel reaction mixture before addition of TEOS in the solution.
To vary amount of iron in the particles, the amount
of the salt was varied from 0.05 mmol to 2 mmol.
The mixture was then stirred at 20 °C for 1 h. The
solution was then filtered with 47 mm Nylon filter
with 0.2 μm pores size through vacuum filtration assembly, washed with deionized water and then with
absolute ethanol. The obtained white powder of iron
containing SMSPs was dried at 70 °C in vacuum
oven for 3 hours. Dried particles were then calcined
at 550 °C for 5 h in alumina crucibles to remove the
organic template and to decompose Fe(NO3)3 into
Fe2O3. In order to obtain SMSPs loaded with zero
valent iron (ZVI), the salt containing particles were
subjected to reduction by sodium borohydride
(NaBH4). For this purpose, 1 M solution of sodium
borohydride was prepared freshly for each experiment by dissolving 3.87 g in water to make a total
volume of 100 mL. Then 100 mg of the iron salt containing particles were suspended in a mixture of (7:3)
ethanol: water. The suspended particles were then
placed on shaker and the solution of sodium borohydride was added dropwise. The reduction started immediately with bubbling of hydrogen gas and the reduction was considered to be complete when the
bubbling stopped. The particles were then filtered
with a 47 mm Nylon filter with 0.2 μm pores size
through a vacuum filtration assembly, washed with
ethanol, dried under vacuum at room temperature
and stored in a desiccator for analysis and use.
Batch experiments for dechlorination of TCE
were conducted in 50 mL serum bottles. 100 mg of
reduced Fe-SMSPs were suspended in 48 mL of deionized water. 2 mL solution of 625 ppm TCE in water was then added to the vial, resulting in 25 ppm
TCE solution in the reaction mixture. The flask was
then sealed and placed on the shaker (40 rpm) at
room temperature. Samples were drawn (2 mL) at
0 min, 20 min, 40 min, 60 min, 80 min, 100 min and
120 min using a syringe and filtered through 0.22 μ m
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standard deviation of ±140 nm.
For the incorporation of iron in these particles,
iron as Fe(NO3)3 is dissolved in the reaction mixture
before addition of silica precursor (TEOS). The proposed mechanism is that Fe3+ ions are trapped during
formation of particles and subsequently reduce to
zero valent iron (ZVI). To vary amount of iron in the
particles, the synthesis is repeated by varying the
amount of Fe(NO3)3 in solution. The eight varied
concentrations in mmol are (0.05, 0.50, 0.75, 1.00,
1.25, 1.50, 2.00).
The effects of varying Fe concentration on synthesized particles are captured under scanning electron microscope and morphological features of iron
loaded silica structures are presented in Figures 1
(b-h). The mean particle diameter and number of particles decreases as the amount of Fe increases. This
effect is more pronounced at Fe concentration in the
range from 0.05-1.00 mmol. At relatively higher
concentrations, the decrease in particle size becomes
insignificant (see, Figures 1 e, 1 f, Figure 2). It is noticeable that the spherical structure also deteriorates
at higher concentrations (Figure 1 g and 1 h).
These observations and results may be explained by taking the mechanism of formation of
mesoporous silica structure in account. As the process starts with formation of micelles from surfactant
(i.e., CTAB), the subsequent addition of silica precursor (TEOS) results in hydrolysis and formation of
a silica shell on the micelles. Since the water-soluble
head of the surfactant is cationic in nature, it is likely
that interaction with NO3- anion inhibits formation of
a silica shell on micelles. This is also consistent with
the observation that yield of particles is reduced with
increasing (FeNO3)3 amount. Beyond a certain
amount of the salt, which in this case is 1.25 mmol
and above, no formation of micelles, and hence no
significant silica particles are observed.

degradation of TCE were analysed by HPLC from
Shimadzo, Japan), fitted with a symmetric reverse
phase C-18 (250 mm x 4. 6mm) column and a UVVIS detector at 210 nm was used for detection. The
mobile phase consisted of 10 % acetonitrile and
90 % water at a flow rate of 1 mL/min. After running
the system for 1 min, acetonitrile was increased to
40 % over next 3 min. At 4 min, a similar gradient
step was used to achieve 95 % acetonitrile by 8 min.
Initial conditions then were restored between 8 and
10 min.
In this study a mass quadrupole mass spectromHWHU 6KLPDG]X¶V *&06-QP5050A) system was
used. The extracted samples in n-hexane obtained
from dechlorination batch experiments (see section
2.3) were injected. The mixture was ionized at 70 eV
ionization voltage and scan range was set at m/z of
40-340 Daltons at scan rate of 0.6 s/scan. The mass
spectrometer was operated in SIM (selected ion
monitoring) method at a resolution of 5000 FWHM
(full width at half maximum).

RESULTS AND DISCUSSIONS
The method used in the present research is an
adaption of Stober¶V method [16-18] for the synthesis of spherical mesoporous silica nanoparticles
(SMSPs). The formation process includes hydrolysis
of TEOS in ethanol-ammonia-water medium. As a
result, (SiOH)4 is formed that condenses initially to
form primary particles of 3-5 nm [19, 20] followed
by aggregation into larger particles [21]. The SEM
image of SMSPs shown in Figure 1 a. It is the evident that morphology of the particles is uniform and
LVUHJDUGHGDVµVSKHULFDO¶)XUWKHUWKHPHDQGLDPH
ter of particles is determined to be 627 nm with

FIGURE 1
SEM images of (a) silica particles and iron loaded silica particles at varying Fe(NO3)3 concentrations (b)
0.05 mmol (c) 0.50 mmol (d) 0.75 mmol (e) 0.10 mmol (f) 1.25 mmol (g) 1.50 mmol (h) 2.00 mmol.
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Absence of absorption bands around 2900 cm-1 indicates absence of unreacted TEOS in the synthesized
silica particles. Similar results are reported in other
studies [22].
To determine phases of the Iron material present in synthesized SMSPs powder x-ray diffraction
of the particles was carried out. The XRD scan of the
particles synthesized by carrying out sol-gel process
in presence of 0.50 mmol of Fe(NO3)3 shown that the
particles are amorphous in nature. At shorter angles
a strong reflection peak was observed, which is normally observed for materials that belong to MCM41 family [23, 24]. A broad peak is observed at larger
angles, showing that nature of the material is amorphous (Figure 3 b).
The elemental composition was recorded to determine the amount of iron present in each sample.
The EDX spectra were obtained on samples where
the sol-gel process was performed in presence of
0.05 mmol, 0.5 mmol, 0.75 mmol, 1 mmol,
1.25 mmol and 2.5 mmol Fe(NO3)3 in the reaction
mixture. Atomic percentages of oxygen, silicon and
iron are summarized in Table 1. The analysis shows
that as the amount of iron was increased in the solution, it resulted in incorporation of increased iron
content in the obtained materials. The atomic percent
of iron varied between 0.8 ± 35.

FIGURE 2
Particle size versus Fe(NO3)3 concentration the
line is drawn to guide through the points.
The synthesized particles are subjected to
ATR-FTIR to identify the specific functional groups
available on the surface. The result is reproduced as
spectrum in Figure 3 a. An absorption band at 1070
cm-1 can conveniently be assigned to asymmetric vibrations of Si-O bonds. The band at 990 cm-1 is due
to asymmetric vibration of Si-OH and the band at
800 cm-1 arises from symmetric vibration of Si-O.

FIGURE 3
(a) ATR-FTIR spectrum of synthesized mesoporous silica particles, (b) XRD scan of Fe-SMSPs
synthesized in solution containing 0.50 mmol Fe(NO 3)3.
TABLE 1
Element composition of the samples obtained through EDX and XPS analysis
Sample
EDX analysis
SMSP
0.05 mmol
0.5 mmol
0.75 mmol
1 mmol
1.25 mmol
XPS analysis
SMSPs
Fe-SMSPs (0.05 mmol)
Fe-SMSPs (0.5 mmol)
Fe-SMSPs (1.5 mmol)

Oxygen (at. %)

Silicon (at. %)

Iron (at. %)

87.6
78.4
71.2
71.2
64.5
64.8

12.4
20.8
20.7
17.0
25.74
21.9

0.8
8.1
11.8
10.1
13.3

66.23
65.9
65.5
67.2

30.70
22.5
28.1
22.9

0.5
1.4
1.9
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of SMSPs with high surface are of 672 m2/g. The results are in good agreement with surface area of mesoporous silica reported by other groups in literature
[26, 27]. The adsorption-desorption isotherm shown
in Figure 4 DGUDZVLWVFORVHUHVHPEODQFHWRµ7\SH,9¶LVRWKHUPV[28], with adsorption reaching an asymptotic value as the saturation pressure is approached. The surface area was reduced on iron loading to surface areas of 417 m2/g and 29 m2/g for the
SMSPs synthesized in presence of 0.05 mmol and
0.50 mmol of Fe(NO3)3 respectively. This shows that
on increasing the amount of iron in the solution during synthesis of SMSPs, the surface area is reduced
(Table 2). There is a small amount of hysteresis present in the adsorption and desorption isotherm
curves, which indicate some capillary condensation
in large pores is likely occurring (usually larger than
10 nm) [29]. Other parameters calculated during surface area analysis are present in Table 2. The results
prove that although incorporation of higher amount
of iron in the SMSPs resulted in greater reduction of
surface area of the particles, when the iron was present in lower amounts, the surface area of the particles was still reasonably high (417 m2/g).

In EDX analysis, the information is obtained
throughout the material due to high penetrative depth
of the X-rays [25]. In order to identify surface elemental composition of the synthesize Iron containing
SMSPs XPS spectra were recorded. Atomic percentages of oxygen, silicon and iron on the surface of
prepared materials are summarized in Table 1. The
analysis shows that as the amount of iron was increased in the solution, this did not result a similar
increase in deposited iron material on the surface of
the prepared material and was restricted to less than
2 atomic percent in all samples. This indicates that
iron is mostly incorporated within the material and is
not present on the surface.
To observe effect of presence of iron, BET
analysis was carried out in order to determine surface
area and pore volume of iron containing SMSPs. Adsorption and desorption of nitrogen was studied to
investigate important characteristics of the synthesized particles. Representative adsorption and desorption isotherms for SMSPs and Fe-SMSPs that
were synthesized in presence of 0.50 mmol of
Fe(NO3)3 in the reaction mixture, are presented in
Figure 4 a and b respectively. The adsorption isotherm BET analysis revealed mesoporous structure

FIGURE 4
Adsorption and desorption isotherm obtained for surface area analysis of (a) SMSPs and (b) Fe-SMSPs
that were synthesized in presence of 0.50 mmol of Fe(NO 3)3 in the reaction mixture and TEM image of (c)
single SMSP (d) single Fe-SMSP that was synthesized in presence of 0.50 mmol of Fe(NO 3)3 in the reaction
mixture.
TABLE 2
Summary of surface area analysis of Iron containing SMSPs
Sample
SMSPs
Fe-SMSPs (0.05 mmol)
Fe-SMSPs(0.50 mmol)

Single point surface area at
P/Po (m2/g)
886
553
33

7336

External surface area (m2/g)
623
885
32

BET surface area
(m2/g)
672
417
29
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The information/data gathered from HPLC for
removal of TCE by Iron containing spherical mesoporous silica particles (Fe-SMSPs) suggest that this
removal may be due to dechlorination. This hypothesis is further tested through run on mass spectrometer to identify the dechlorination products and
mechanism of dechlorination. Major dechlorination
products of batch experiments identified by mass
spectrometry are presented in Table 4.
It is known previously that ZVI particles
dechlorinate TCE through reductive mechanism involving beta-elimination. The electron transfer from
ZVI (acts as reducing agent) to the chlorinated compounds result in formation of chloride and Fe2+ ions.
This beta-elimination is a dominant pathway for
dechlorination of more than 95% of chloroethenes
[31]. It can be concluded that majority of TCE deFRPSRVHVDQGK\GURFDUERQVZLWKFDUERQDW&DUH
formed by coupling of the reaction intermediates
[32, 33]. Hydrogenolysis also occurs to an extent of
< 5% and results in formation of dichloroethylene
and vinyl chloride which then undergo beta elimination [32].
Since dechlorination with Fe-SMSPs has displayed reaction kinetics of pseudo first order in the
given system of 25 ppm TCE, it means that there are
one of two possible explanations. Either TCE was
not initially adsorbed completely on reaction sites
and the reactive sites were in excess at all times during the reaction. Or reaction was limited by forPDWLRQRIDĮ-Fe2O3 shell around ZVI and thus controlling electron transport across the shell in turn
controlling the rate of dechlorination of TCE.

To probe further into the internal structure,
TEM images of the synthesized SMSPs and FeSMSPs that were synthesized in presence of 0.50
mmol of Fe(NO3)3 in the reaction mixture, were recorded (Figure 4 c and 4 d respectively). The tiny
pores (2-5 nm) typical of mesoporous silica can be
seen as white dots near the surface of the particles
(Figure 4 c). In contrast to the TEM image of
SMSPs, regions of lighter contrast were not found in
case of Fe-SMSPs, it shows that a similar microporous structure may not be present in this case
(Figure 4 d).
The synthesized Fe-SMSPs are employed in 25
ppm TCE aqueous solution to demonstrate removal
of trichloroethylene using HPLC [30], in time dependent batch experiments ranging from 0-120
minutes with regular interval of 20 minutes. The percentage reduction is presented in Table 3.
TABLE 3
Removal (in Percentage) of 25 ppm TCE
solution by Fe-SMSPs
Removal of TCE
Time (minutes)
(in %age)
0
0
20
55
40
84
60
96
80
98
100
99
120
Below detection limit
It can be seen that removal of TCE is relatively
faster initially followed by progressively slower rate.
Upon contact of 60 minutes, most (96% ) of TCE is
removed from the solution, whereas, the water sample is completely free from TCE in 120 minutes. A
linear decrease in concentration log of TCE is observed with increasing reaction time (Figure 5). The
results reveal that when iron is present in excess to
TCE, the degradation reaction follows pseudo first
order kinetics [6, 11].

TABLE 4
Major chlorinated and dechlorinated products
of TCE treated with Fe-SMSPs at different
contact times.
Contact Time
(min)
0
20

40

60

80

100

Major Compounds detected
trichloroethylene
trichloroethylene, trichloromethane, dichloroethylene, C3-C6 hydrocarbon
compounds
trichloroethylene, dichloroethylene, trichloromethane, C3-C6 hydrocarbon
compounds
trichloroethylene, dichloroethylene, trichloromethane, C3, C4, C6 hydrocarbon
compounds
C3, C4, C6 hydrocarbon compounds, trichloroethylene
(traces),
Trichloromethane (in traces)
C4-C6 hydrocarbon compounds, trichloroethylene (in traces), trichloromethane
(in traces)

CONCLUSIONS
We have synthesized spherical mesoporous silica particles (SMSPs) with high surface area
(~627 m2/g) and also synthesized iron loaded SMSPs
for dechlorination of trichloroethylene (TCE). The

FIGURE 5
Plot showing first order kinetics for removal of
TCE.
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[4] Siegel Scott, C. and Jinot, J. (2011) Trichloroethylene and cancer: systematic and quantitative review of epidemiologic evidence for identifying hazards. International Journal of Environmental Research and Public Health. 8, 42384271.
[5] Belis-Bergouignan, M.-C., Oltra, V. and Saint
Jean, M. (2004) Trajectories towards clean technology: example of volatile organic compound
emission reductions. Ecological Economics. 48,
201-220.
[6] Farrell, J., Kason, M., Melitas, N. and Li, T.
(2000) Investigation of the long-term performance of zero-valent iron for reductive dechlorination of trichloroethylene. Environmental
Science and Technology. 34, 514-521.
[7] Gotpagar, J., Grulke, E., Tsang, T. and Bhattacharyya, D. (1997) Reductive dehaloge-nation
of trichloroethylene using zeroǦvalent iron. Environmental Progress. 16, 137-143.
[8] Dries, J., Bastiaens, L., Springael, D., Agathos,
S. N. and Diels, L. (2004) Competition for sorption and degradation of chlorinated ethenes in
batch zero-valent iron systems. Environmental
Science and Technology. 38, 2879-2884.
[9] He, F., Zhao, D. and Paul, C. (2010) Field assessment of carboxymethyl cellulose stabilized
iron nanoparticles for in situ destruction of chlorinated solvents in source zones. Water Research. 44, 2360-2370.
[10] Kohn, T., Livi, K.J., Roberts, A.L. and
Vikesland, P.J. (2005) Longevity of granular
iron in groundwater treatment processes: corrosion product development. Environmental Science and Technology. 39, 2867-2879.
[11] Liu, Y., Majetich, S.A., Tilton, R.D., Sholl, D.S.
and Lowry, G.V. (2005) TCE dechlorination
rates, pathways, and efficiency of nanoscale
iron particles with different properties. Environmental Science and Technology. 39, 1338-1345.
[12] Comba, S., Di Molfetta, A. and Sethi, R. (2011)
A comparison between field applications of
nano-, micro-, and millimetric zero-valent iron
for the remediation of contaminated aquifers.
Water, Air, and Soil Pollution. 215, 595-607.
[13] Fu, F., Dionysiou, D.D. and Liu, H. (2014) The
use of zero-valent iron for groundwater remediation and wastewater treatment: a review. Journal of Hazardous Materials. 267, 194-205.
[14] Sperling, R.A. and Parak, W. (2010) Surface
modification, functionalization and bioconjugation of colloidal inorganic nanoparticles. Philosophical Transactions of the Royal Society of
London A: Mathematical, Physical and Engineering Sciences. 368, 1333-1383.
[15] Jiao, F. and Frei, H. (2010) Nanostructured
manganese oxide clusters supported on mesoporous silica as efficient oxygen-evolving catalysts. Chemical Communications. 46, 29202922.

amount of iron salt during sol-gel process showed an
inverse relation with the diameter of the obtained
particles. The increasing amount of iron was also
linked with a decrease in available surface area of the
particles, possibly due to filling of mesoporous structure with iron. Keeping the amount of iron precursor
low, we were able to synthesize iron containing
SMSPs with high surface area (417 m2/g), that may
have a significant role in catalytic decomposition of
chlorinated organic compounds and facilitates decomposition by localizing the target molecules
through adsorption in porous structure. The application of synthesized materials as adsorbent is demonstrated for removal of TCE through batch experiments. More than 90% of TCE was removed during
the first 60 min and a complete removal was observed in 120 min. The fragmentation pattern obtained from mass spectrometry indicated that dechlorination of TCE occurred progressively ending up in
the formation of hydrocarbons as the dominant final
product. Dechlorination, lower toxicity of iron and
inertness of silica structure coupled with higher surface area establishes that the synthesized Fe-SMSPs
are suitable candidates for in situ remediation of
TCE contaminated water. Although in this study FeSMSPs demonstrated dechlorination of TCE only,
but it is expected that these particles may be used to
treat soil and water contaminated with other chlorinated organic compounds.
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ruminats. However, the conducted experiments
have shown that the feeding of Atriplex nummularia
as the sole source of feed can cause mineral imbalances in sheep [2]. In addition, in degraded pasture
land with low productivity, macro and micro mineral compositions of grass grown were reported to be
lower than the levels required by the grazing ruminants [3]. These areas used for grazing also fail to
provide enough quantity and quality fodder production for livestocks in order to locate generally in
arid and semi-arid regions [4]. However, the browse
plants maintaining their nutritive value and greenness even during the dry season when grasses dry
up and decline in both quantity and quality compose
one of the cheapest sources of feed for animals in
many parts of the World [5, 6, 7]. For instance, in
regions which summer drought dominated, halophyte plants and herbaceous species adapted to
drought areas Gokkus et al. [8]; Temel [9] beside
drought resistant shrubs compose the important
plant groups used to this end [10, 6]. In addition,
halophyte species come into prominence in marginal areas where soil salinity posed a problem, and
continental climate dominated [11, 7].
+DORSK\WHV UHSVHQWLQJ a RI WKH ZRUOG¶V
flora, are plants that can grow and complete their
lifecycles in environments with high concentrations
(greater than 200 mM) of electrolytes (mostly Na+
and Cl-) in the root medium [12]. In the previous
studies, it has been stated that halophyte species
having their multiple uses such as the lowering of
the watertables causing secondary salinity and improving soil stability in many parts of the World Le
Houérou [13]; Barrett-Lennard et al. [14] are often
used as a drought reserve or to fill the summer,
autumn and early winter feed shortages within grazing systems [15, 16]. Consequently, it has been
reported that these species could be used as a good
alternative forage resource in terms of meeting their
nutritional and mineral requirements of grazing
livestocks [17, 7, 9].
The aim of rangeland management is to obtain
the highest animal product per unit area without
damaging to the natural resources. This is possible
with meeting the daily energy and mineral needs
required by the animals grazing on pasture to fulfill
the physiological functions and to make animal

ABSTRACT
Mineral contents of herbaceous produced in
rangelands with intensive composition of species
are usually high and can meet the requirements of
ruminants. However, it has been reported that mineral contents of the herbs produced in especially
disturbed rangelands due to different reasons such
as salinity and drought were less than the levels
required by the grazing ruminants. Our aim was to
determine whether Salsola dendroides, Salsola
nitraria, Seidlitzia florida, Suaeda microphylla,
Suaeda altissima, Petrosimonia brachiata, Kalidium caspicum and Alhagi pseudalhagi harvested in
late autumn periods DUH DGHTXDWH IRU UXPLQDQWV¶
mineral demands, and to reveal the potential P, K,
Ca, Mg, Na, B, Cu, Fe, Mn and Zn contens of the
browse grazed. This is the first scientific report on
the mineral composition of the present species. For
this purpose, a research was planned in a completely randomized block design with three replications
in saline rangelands of Turkey¶V ,JGLU 3URYLQFH
between the years of 2012-2013. Results showed
that there was a significant difference in mineral
contents among species, and K. caspicum, S. dendroides and S. nitraria had a higher mineral contents compared to other species. While Ca, B, Fe,
Cu, Mn and Zn contens of forages were adequate
IRUUXPLQDQWV¶GHPDQGV, it was found that K content
was low and P, Mg and Na were higher than the
recommended values.

KEYWORDS:
Mineral composition, halophytes, saline rangelands,
ruminants, seed maturity stage

INTRODUCTION
Rangelands provide about 70% of feed requirements of domestic ruminants in many countries and an important part of mineral needs [1].
Especially, whether climax plant communities are
rich in terms of mineral contents because of having
the different species devirsities, it plays an important role in meeting the mineral requirements of

7340

© by PSP

Volume 27 ± No. 11/2018 pages 7340-7347

Fresenius Environmental Bulletin


MATERIALS AND METHODS

products [18]. This situation is related to the components or diversities of fodders used for animal
feeding [19]. Regarding this issue, Ganskopp and
Bohnert [18] stated that the mineral and nutritional
contents of species on areas that animals grazed
should be known for sustainablility of livestocks to
reproduction, growth and production activities.
Accordingly, the mineral contents and rates on the
basis of species should be known beside fodder
quality properties of the plants growing naturally on
rangelands. Because mineral deficiencies may cause
the some feeding disorders in both animals and
plants [20].
As it is known, chemical contents of rangeland
plant communities vary depending on speceis, soil
types, climate and development stages of the plants
[3, 6, 9]. Generally, in plants with high mineral
content at the beginning of growth, reductions occur
in mineral contents due to the organic mass increasing with progress of their development [21, 22].
Moreover, rangeland plants don't have constantly
the same amount of mineral elements during the
growing stages while varying according to species.
Therefore, there is a close relationship between
mineral nutrient content of the soils and mineral
composition of the plants grown in these lands, and
the mineral needs of the animals and the mineral
composition of the produced forage [23].
Considering the topography of Igdir province
with the annual total precipitation and evaporation
rate, it is one of the areas experiencing maximum
salinity in Turkey [24]. Therefore, a large part of
the total available cultivated lands and grazings
have been affected by salinity [25]. However, halophytes species have been seen as a big potential for
providing food and mineral requirement of these
animals adapted to these areas where many cultivars cannot be cultivated in an economical manner,
feed material cannot be provided in sufficient quantity and quality. In this study, the potential effects
of halophytes types used as alternative feed sources
in terms of both meeting the needs of feed of the
animals grazing in these areas and extending the
period of green feed should extend the period of
green forage mineral have been examined. As a
result, both bio-accumulate features of halophytes
types and the additives to animal nutrition as well
as the possible effects on animal health have been
identified.

Texture
Clayed

EC
dS/m
10.50

Climate and soil properties of research area. Research was carried out on the saline-alkaline
grazing areas of the Igdir plain, located at an altitude of 825 m in the eastern part of Turkey which
have arid climatic conditions. According to the long
years average, the mean annual temperature was
12.5 oC, average relative humidity was 51.2%, and
annual precipitation was 264.0 mm [26]. In 2012
which the trial was conducted, while annual average
precipitation, temperature and relative humidity
were 237.2 mm, 13.5 oC and 53.6%, respectively,
these values were calculated as 226.9 mm, 14.1 oC
and 51.4%, respectively in 2013 [26]. Some chemical and physical characteristics of the soil (0-30 cm)
samples taken from the trial area were presented in
Table 1.
Experimental design. One hectare area where
halophyte species intensively grown was selected
for plant samples and trial around was fenced. The
experiment was established in a completely randomized block design with three replications between the years of 2012-2013. Eight halophyte
species (Kalidium caspicum (L.) Ung.-Sternb.,
Salsola dendroides Pall, Salsola nitraria Pall, Seidlitzia florida (Bieb.) Bunge., Suaeda microphylla
Pall, Suaeda altissima (L.) Pall, Petrosimonia brachiata (Pall.) Bunge, Alhagi pseudalhagi (Bieb).
Desv.) in per block and five random plants for per
species in each block were selected. All the other
species examined except for Alhagi pseudalhagi
(Fabaceae) was belong to the family of Chenopodiaceae. While P. brachiata, S. nitraria, S. florida
and S. Altissima were annual herbaceous plants, K.
caspicum, S. dendroides, S. microphylla and A.
pseudalhagi were perennial half-shrub forming.
Data collection and analysis. For each of the
two years, browse samples were collected at the end
of growth period (in seed maturuity stage). In this
period, plants generally had the yellow and green
images. All the species was cut 10 cm above ground
and transported immediately to the laboratory after
the harvest. The harvested plant materials were first
washed with tap water, and later with pure water.
After washed, the forage samples were first air
dried and then dried in an oven at 65 °C until constant weight was obtained. After measured dry
weight, samples were ground in a Wiley mill to
pass through a 1 mm screen and made prepared for
the mineral analyses. For mineral analysis, the plant

TABLE 1
Some characteristics of the study area soil
pH
OM
P2O5
Ca
Mg
Na
½. 5
%
ppm
me/100g
8.98
0.31
50.36
22.30
3.39
11.40
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mended range of K for all classes of ruminants as
suggested by NRC [32] was 0.5 to 1.0%. According
to these results, the species other than S. dendroides
and S.nitraria are seen to be insufficient to meet the
needs of ruminants in terms of their potassium
contents. About the subject, Abdullah et al. [3] also
indicate that K concentration in browse species that
naturally grows in degraded pasture are less than
the levels required by ruminants. The most important reason for this is reduction potassium rate in
dry matter with the differentiation of maturation
periods of the species and being harvested of the
species in late maturation periods. In our study,
having low K concentration of halophyte species
may have resulted from the poor soil moisture, high
Na contents, drought conditions, and that the species were harvested in late growth stage. Other
studies have indicated that the nutritional contents
of species varied based on the phenological stages
and, as plants became older, the desired nutritional
contents decreased [33, 5].

samples were prepared by wet digestion method
using H2SO4 and H2O2 [27]. Mineral element (Ca,
K, Mg, Na, P, B, Cu, Fe, Mn and Zn) contents of
each sample solution were determined by inductively coupled plasma optical emission spectrometry
(ICP-OES, Thermo Scientific, Cambridge, United
Kingdom). Mineral contents of the plant samples
were calculated as mg/100 g dry weight. All the
analyses were performed in duplicate.
Statistical analysis. The results were subjected to one-way analysis of variance using MP 5.1
software (JMP, A Business Unit of SAS, Cary, NC,
2003). There were no significant differences between years. Therefore, the data from the two years
were pooled. Differences between individual means
were evaluated by LSD test at the 0.05 significance
level.

RESULTS AND DISCUSSION

Phosphorus (P). The P values obtained from
the examined halophytes were significantly found
to be higher than many legumes (0.30%) and poaceae (0.32%) forage used as feed source (Table 2).
The highest value of P was determined in K. caspicum (2.19%) and lowest in A. mannifera (0.54%),
and the mean P value of all the species was found
as 1.24%. Considering the properties of halophytes
type accumulators, these values are seen normally
[34, 35]. Because, these species adopt macro and
micro elements and other heavy metals in the soil
such as macros in the soil, especially as physiological [12]. Phosphorus that is one of the most important in the macro elements has been observed to
be available in the composition of the analyzed
species in hig proportion and that this proportion is
more than the need of ruminants and even than the
maximum tolerable rate [36]. Toxic levels of phosphorus can be considered to adversely affect the
health of ruminants grazing in the grasslands. But
other species growing in similar areas and the sum
of the daily dry feed resources applied outside the
pasture are taken into account, it is understood that
these rates will not create problems in ruminants.

Macro-minerals. In this study conducted on
the saline grazing areas, all the macro mineral contents examined showed significiant differences
(P<0.01) among halophyte species (Table 2).
Potassium (K). According to these results, the
highest value of K was found in S. dendroides and
S.nitraria, and the K contents of two species included under the same statistical group (Table 2).
The lowest K content was determined in A. mannifera. The variation of potassium content among
species may be resulted from low soil moisture,
drought, and availability of high Na concentration
in the soil and water use efficiency of plants and
differring the potassium absorption abilities of roots
[28]. Indeed, Sultan et al. [29] have reported that
there is deficiency of K in the types of different
forage and grazing species due to these reasons. For
example, in another study carried out, it was reported that Na in increased quantities negatively affected K+ content of the alfalfa plant [30, 31]. When the
species of halophytes that are the materials of the
research were examined, it was detected not to be at
levels that pose risks for ruminants. The recom-

TABLE 2
P, K, Ca, Mg and Na contents of halophyte species (%)
Species
K. caspicum
S. dendroides
S. nitraria
S. florida
S. microphylla
S. altissima
P. brachiata
A. mannifera
Mean
LSD (%5)
CV(%)

K
0.37±0.05 c
0.65±0.10 a
0.63±0.07 a
0.34±0.02 c
0.24±0.03 d
0.47±0.03 b
0.27±0.03 d
0.08±0.02 e
0.38±0.04
0.06**
14.32

P
2.19±0.36 a
1.04±0.22 d
1.13±0.20 cd
0.79±0.05 e
1.34±0.14 c
1.89±0.10 b
0.99±0.07 de
0.54±0.12 f
1.24±0.16
0.23**
15.97

Ca
0.59±0.08 cd
1.08±0.11 a
0.58±0.09 cd
0.49±0.03 de
0.64±0.06 bc
0.37±0.02 f
0.41±0.03 ef
0.72±0.12 b
0.61±0.07
0.10**
14.69

Mg
0.85±0.11 a
0.48±0.06 b
0.43±0.06 bc
0.44±0.03 b
0.43±0.04 bc
0.36±0.02 c
0.42±0.03 bc
0.20±0.05 d
0.45±0.05
0.08**
14.58

Means in the same column with different superscript are significantly different at P<0.01
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Na
1.95±0.29 a
1.26±0.19 b
1.87±0.28 a
1.27±0.08 b
1.34±0.12 b
0.85±0.05 cd
0.89±0.08 c
0.64±0.16 d
1.26±0.16
0.24**
15.91
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tent of only K. caspicum among examined types
(0.85%) was found to be higher than the proposed
limits. However as it is known, the animals do not
graze on the pastures as monotonous [41]. Thus,
considering the other species in these area, it is
thought that magnesium rate will not pose a risk in
total dry matter.

Calcium (Ca). Ca content of the species was
found to be 0.61% and the highest Ca content was
identified in S. dendroides (1.08%) plant following
A.mannifera (0.72%) species and the lowest value
was identified in S.altissima (0.37%). These differences that occur between plants may be resulted
from the features of receiving Na ion by the species
from the soil and being able to accumulate them.
Because, the concentration of Ca were all inversely
related to the concentration of Na in the plant tissue
[37]. Considering the average calcium content of
the species evaluated in the research, they were
found to be lower than Minson [38] values (0.63%)
and higher than the average level (0.30%) identified
by Abdullah et al. [3]. According to NRC [32] records, Ca needs of ruminants range from 0.19 to
0.82% in dry matter. According to these results,
calcium content of all halophytes other than S. dendroides (1.08%), were found to be lower than the
toxic limits. In addition, calcium needs of the animals vary according to the age, species and breed of
animals [23]. Thus, our findings indicate that calcium needs of the animals grazing in this area can be
met.

Sodium (Na). The contents of sodium (Na)
the species studied ranged from 0.64% to 1.95%.
According to these results, the highest Na content
was determined in K. caspicum (1.95%) and
S.nitraria (1.87%), and the Na values of two species included under the same statistical group.
However, the lowest content of Na was determined
in A.mannifera (0.64%). Showing variation by Na
contents of the species may be resulted from better
adaptation of the species having Na ratio to salty
areas and the soil rich in Na [42]. The results also
show that Na content of halophytes is higher than
conventional forage crops. As is known, increase in
the precipitation reduces Na ratio in the soil. But,
Na content increases depending on low precipitation in the pasture soils located in arid climates and
this situation causes more Na intake in the body of
halophytes [3]. Na is one of the important macro
elements for livestock. In the lack of Na, weight
loss, slowdown in growing up, and reduction in
milk yield in animals are observed [43]. Whereas,
the average of the Na content of halophytes species
examined in our study (1.26%) seems to be over the
needs of farm animals (0.06%).

Magnessium (Mg). In study, the concentration of magnesium (Mg) among species was varied
from 0.20% to 0.85% with mean value 0.45%.
Accordingly, the highest value of Mg was noted in
K. caspicum (0.85%) and lowest in A. mannifera
(0.20%). The obtained results indicate that conventional feed sources are higher than the Mg content.
The high Mg content of the examined species is
normal in saline and acidic soil conditions [39].
Therefore, the high Mg content of the species may
be resulted from being conducted of the experiment
in saline grassland. Indeed, Suyama et al. [40] reported in their study that Mg content of the alfalfa
plant increased due to increased salinity of NaCl.
Furthermore, the different types of magnesium may
be due to the content of chlorophyll physiologically.
Generally plants are rich in magnesium due to the
chlorophyll content. The upper limit of magnesium
contents of ruminants varies depending on the types
of animals, but while it is 0.60% in sheep and cattle,
this limit is 0.80% in horses [36]. Magnesium con-

Micro-minerals. In this study conducted on
the saline grazing areas, significiant differences
(P<0.01) were found among the species in terms of
the examined micro minerals (B, Cu, Fe, Mn and
Zn) (Table 3).
Boron (B). When Table 3 is examined, the
mean boron (B) contents of halophyte species were
measured as 10.73 ppm, and the highest boron
content was determined in K. caspicum (24.96
ppm), and the boron concentration of this plant was
found to be twice higher than both the average and
the other species (Table 3). This can be said to be

TABLE 3
B, Cu, Fe, Mn and Zn contents of halophyte species (ppm)
Species
K. caspicum
S. dendroides
S. nitraria
S. florida
S. microphylla
S. altissima
P.brachiata
A.mannifera
Mean
LSD (%5)
CV(%)

B
24.96±4.93 a
11.82±1.63 b
11.24±1.93 b
5.67±0.46 cd
12.32±1.26 b
6.73±0.92 cd
4.95±0.37 d
8.17±1.98 c
10.73±1.68
2.73**
21.57

Cu
11.66±1.61 a
11.47±1.62 a
9.35±1.50 b
7.55±0.51 cd
9.60±0.97 b
8.79±0.51 bc
6.89±0.66 d
6.85±1.63 d
9.02±1.13
1.61**
15.19

Fe
73.40±10.60 a
50.17±7.20 bcd
44.08±5.69 cd
51.94±3.07 bc
65.36±6.46 a
42.32±2.77 d
56.46±4.77 b
29.41±6.94 e
51.64±5.94
8.32**
13.66

Mn
25.55±3.28 bc
40.00±5.67 a
23.90±3.12 c
12.81±0.92 f
28.76±2.72 b
19.16±1.57 d
14.77±1.17 ef
17.21±4.04 de
22.77±2.81
4.18**
15.56

Means in the same column with different superscript are significantly different at P<0.01
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Zn
37.61±5.59 a
24.76±3.84 b
17.93±2.82 c
38.14±2.49 a
14.91±1.55 cd
15.21±0.78 cd
12.88±1.36 d
23.46±5.50 b
23.11±2.99
4.59**
16.88
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differed even among the varieties belonging to the
same species. The obtained results was found to be
higher than Fe contents of shrub and tree species
collected in Cholistan pastures of Pakistan [3], and
within Fe value limits of conventional forages (alfalfa, sainfoin, vetch, meadow grass, sudan grass)
collected in fall period in The Marmara Region of
Turkey [53]. As it is known, the redundancy and
deficiency of iron leads to some nutritional problems and disease in animals [54]. Therefore, it is
necessary to ensure Fe mineral needed by ruminants. According to NRC [36] records, Fe needs of
ruminants range from 30 to 60 ppm in dry matter.
Accordingly, no species examined constitute a
problem in terms of Fe content obtained from the
present study. Because, that Fe content reach up to
 SSP GRHVHQ¶W SRVH D SUREOHP IRU UXPLQDQWV
[55]. Therefore, these values obtained from the
study have been revealed to be at the level to meet
the requirements of Fe of animals recommended by
the NRC [36].

resulted from that the present species is abundant
leaved according to other species. Because, boron is
a mineral that accumulates on leaves mostly [44]. In
general, the lack or redundancy of boron is dangerous for particularly plants and also for the animals
and humans. However, in our present research, it
can be said that boron concentration of halophytes
is seen to not to be in toxic levels. This can be said
to be resulted from soil reaction. Because its reception in toxic levels does not take place by plants on
toxic levels since when soil reaction is alkaline, it is
connected by B and in the soil by Na [45]. The
recommended range of P for all classes of ruminants as suggested by NRC [32] was 5 to 150 ppm.
According to these results, boron contents of halophyte species were sufficient, but not constitute
toxicity for livestock. Indeed, Abdullah et al. [3]
reported that Na content of browse species naturally
grown in degraded pastures can meet the need of
grazing ruminants. In addition, these results obtained are consistent with the reports of Gokkus et
al. [46] revealing the mineral content of different
types in pastures.

Manganese (Mn). The mean Mn contents of
halophyte species ranged from 12.81 ppm to 40.00
pmm, and S. dendroides had the highest Mn followed by S. microphylla (Table 3). This may be
resulted from the differences in species and varieties. The researches reveal that there are significant
differences among the families, genius, species and
varieties [3]. The deficiency of Mn leads to abnormal development and bone disorder in animals [56].
In the redundancy of it, the palatability of the hay
reduces. The recommended range of P for all classes of ruminants as suggested by NRC [36] was 5 to
150 ppm, and NRC [32] reported that toxic level of
this element is 1000 ppm. According to these results, Mn content of halophyte species found in
saline pastures was found to be lower than these
critical values, and it has been demonstrated to be
sufficient for ruminants.

Copper (Cu). The mean Cu contents of the
species were found to be significantly different and
ranged from 6.85 ppm to 11.66 ppm (Table 3). This
may resulted from being different of the leaf-tostem ratio in period when plants harvested. Because
leaves contain a higher proportion of Cu relative to
the stems [47]. In addition, it may be resulted from
the species and genotype differences depending on
the adaptability of plants to saline soils. In a study
conducted, it is revealed that tropical grass has
higher Cu content than tropical legumes [48].
Again, it is reported that the different forage species
and varieties grown in the same soil have significant variations in Cu levels [49, 50]. For example,
Abdullah et al. [3] states in their study conducted on
the species of seven shrubs and three trees that
average Cu contents of the species is 1.39 ppm and
it ranges from 0.66 ppm to 2.24 ppm. The presence
of 6.00-12.00 ppm copper in the feed in ration is
recommended in order that animals can fulfill their
physiological functions [36]. Cu content of the
examined species in this research was found in the
specified range (Table 3) and that the grazing ruminants can meet their requirements has been revealed.

Zinc (Zn). The highest Zn values were obtained from K. caspicum and S. florida, and no
significance difference was found between two
species in terms of Zn content. The lowest Zn content was detected in the species of P. brachiata
(12.88 ppm) (Table 3). This may be resulted from
leaf/stem ratio of the species in harvest period.
Because, leaves have higher Zn content than the
stems. In addition, the studies conducted have revealed that there are big variations in Zn contents
among the different plant species grown in the same
soil [38, 3]. Zinc element takes over an important
duty in the activation of enzymes. In addition, the
deficiency of Zn may lead to anemia, negative effects on immune system and infertility [57]. The
recommended range of Zn for all classes of ruminants as suggested by NRC [36] was 7 to 100 ppm.
Therefore, this study reveals that the Zn content of
the species examined is in the defined range and at

Iron (Fe). Significiant different was noticed in
the iron composition of halophyte plants (Table 3).
While maximum Fe content was found in K. caspicum (73.40 ppm) and S. microphylla (65.36 ppm),
the lowest Fe content was determined in A. mannifera (29.41 ppm). This variation may be due to the
differences in their genus and species level, genetic
factors and growth stage of the plant during collection [51]. In addition, Jalali-Honarmand et al. [52]
stated that Fe2+ ion amounts removed by the plants
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and sustainable farming systems for valley
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1415-1424.
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Ghassali, F. and Al Ibrahim, T. (2006) Livestock production and economic implications
from augmenting degraded rangeland with
Atriplex halimus and Salsola vermiculata in
northwest Syria. J. Arid Environ. 65, 474-490.
[16] Ben Salem, H., Norman, H.C., Nefzaoui, A.,
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concentration dynamics among 7 Northern
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the level of meeting Zn requirements of the animals
recommended by NRC.

CONCLUSIONS
As a result of the study, it is revealed that halophyte plants that can maintain the greens and biomass production in the pastures with high salinity
have high mineral content even in autumn period
when herbaceous plants are dormant even if it differs in terms of mineral content. It has been identified that these species developing and spreading
especially in arid climates and adverse soil conditions can meet the mineral requirements of the
animals grazing in these areas where legumes and
poaceae forages are not very common and the mineral content is not at the level that adversely affect
animal health.
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%$ "!" ,  ,  
" ,   # ! , %$ %$, ! ,
!" and !! were felidae in
fauna of Anatolia. It is supposed that !! 
was last completely exhausted in fauna of Turkey
because of habitat loss and poaching. Populations of
other species have become gradually poor and
endangered. The present study is based on
observations during field studies conducted in Bitlis
Province and interviews with local people between
2011 and 2016. ! " which has been
considered extinct was reported in Bitlis Province
owing to this study. Some biological and ecological
characteristics were also recorded as well as the
distribution of species.

8, 9, 10, 11, 12, 13]. The aim of the present study is
to determine the presence of ! "  in
Bitlis Province.
! ! 
The present study was based on observations
during field studies conducted in Bitlis province
between 2011 and 2016 and interviews with local
people. In the present study, some habitat and
location information of a male individual shot in
2008 in Bitlis Province were recorded. The localities
where the individual, which was also photographed,
was seen by local people were marked on the map.
In addition, records of species’ distribution were
indicated by updating on the table.


%$ 
!" , distribution, bioecological notes, Bitlis,
Turkey.

 "! 
Records with and without sample about pars
( !" ) which is known to become extinct
in Turkey have been given by various researchers
from different regions of Anatolia (Table 1).
However, various findings have been found recently
about the presence of this species in southeastern
region of Turkey [13]. By means of the present
study, record of pars given from Bitlis Province
located in Eastern Anatolian region of Turkey will
provide significant data indicating that presence of
the species has been continuing in Anatolia.
Photograph of pars (adult male) addressed in
the present study was taken in February 2008 in
Cumhuriyet village of Central district in Bitlis
province (Figure 1). Statements of four people as
well as the person who took the photograph were
utilized in the study. Two of these people were
village guards and had quite comprehensive
knowledge of the region.
The fact that areas where pars may have
distribution in Eastern and Southeastern Anatolian
Regions both have harsh geographical characteristics
and sheltering for security reasons was observed to
have a positive effect in terms of presence of pars.



!"!
Pars ( ! " ), known as leopard, is
one of four big cat species of the genus !in
the family Felidae [1]. ! "  with the
widest range of distribution area among the wild cat
species is distributed from South Africa to Sub-Saharan Africa Countries, from Middle East to southeastern Asia and Java, to far eastern Russia in the
north [2]. Wide range of food and high adaptation
ability of pars plays an important role in distribution
and having a great variety of habitats [3]. Because
pars have a substantially wide geographical distribution, 27 subspecies have been identified around the
world [4]. However, taxonomic classification of
these subspecies is controversial [5]. Miththapala et
al. [5] re-revised the number of subspecies as eight
after their molecular study.
Pars is generally named as Anatolian pars in
Turkey and it is attributed to the subspecies !
" !"[6]. Records with and without sample about pars ( !" ) which is known to
become extinct in Turkey have been given by various researchers from different regions of Anatolia [7,
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.675.'87.325*(35)63+4&56.2!85/*;
3(&7.32
İzmir
Aegean Region, Euphrates Region, South of the Lake Van, Adana
İzmir, Bitlis, Hakkâri, Turkey-Syria frontier zones
Karakale village near Kars, Ararat Mountain near Ağrı
Abant near Bolu, Çatacık near Eskişehir, Beypazarı near Ankara
Çatalhöyük near Konya
İzmir
Southwestern Anatolia
Western Anatolia
Eastern Black Sea Mountains
Eastern Anatolia
Yazıoymak village near Şırnak, Çınar near Diyarbakır
Cumhuriyet village near Bitlis
Cumhuriyet village near Bitlis

*(35)!;4*
With sample
Without sample
Without sample
With sample
With sample
Without sample
With sample
Without sample
Without sample
Without sample
Without sample
With sample
Without sample
With sample

*+*5*2(*
[14]
[15, 16, 17, 18]
[7]
[8]
[9]
[8, 10]
[10, 11, 19]
[12]
[20]
[21]
[22]
[13]
[13]
This study

"
*2*5&0&44*&5&2(*&&2)1387-6758(785*'3+4&56.)*27.+.*)&)807>>


(!  ") from birds was observed to be
intensive. According to statements of local people,
pars attacked to sheep herds in the region and hunted
an animal from the herd, and residues of an eaten fox
were found in a cave that it used as shelter. Pars was
stated to be considerably sensitive during eating, to
eat the prey after removing its skin completely, and
not to eat hairs and skin. A single male individual
was reported to be seen in the region especially
during February and March which are reproduction
season. It was estimated that the male individual was
seeking for a female one to mate.
Pars was also reported to be seen by local
people in Karınca and Sarıkonak villages in this
region, and to be captured by thermal cameras in
military base in Buzlupınar location and
gendarmerie station of Karınca village. However,
these footages were not obtained because of security
(Figure 3).

Pars preferring mountainous areas as the
habitat was identified in a steep and mountainous
area having an altitude of approximately 1710 m in
Cumhuriyet village of Bitlis Province (Figure 2).
The region has sparse vegetation and is oak barren.
Relatively large caves that can be used as shelter by
pars were also determined in the region.
Geographical structure of the region is suitable for
existence of the species and intensive populations of
mammals such hedgehog ("  ),
Caucasian squirrel ( ""  " ), Indian
porcupine ( % !$ ), brown hare ( " 
"" ), wild goat ( " ), and wild
boar ( "  ) provides an important advantage
for pars having a wide range of diet. In addition,
carnivorous mammal species such as grey wolf
( "" ), red fox (" #" ), beech marten
( !  ), European badger (    ),
wildcat (  # ! ), and lynx ( %$%$) were
also identified in the region. Population of partridge
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animals occupy an important place in diet of pars.
Goats and cattle are a significant part of diet [28, 29].
Dogs are also an important prey for pars [28, 30, 31].
In interviews with local people, pars was stated to
attack farm animals and even dogs. Dogs were
expressed to become nervous when they smelled the
scent of pars and also to hide.
Numerous photo traps were established on possible places by the Office of Nature Conservation
and National Parks in order to identify existence of
pars in Bitlis Province, but no record was taken because these photo traps were destroyed by terrorists.
We could talk about existence of pars in Turkey
50 years ago. However, while pars is considered as
“Vulnerable” based on IUCN [32] criteria today in
the world, it is accepted as extinct in Turkey. The fact
that this species is evaluated within status of harmful
animal and its hunting is free during the year according to Land Hunting Law of Turkey till a recent date
needs to be considered as the most crucial factor for
extinction of pars. The only photo in which pars was
viewed alive in Turkey was taken by German Biologist Kosswig [11]. Pars was recorded as dead in all
photos except for this one. Similar justifications
were given in all of these records as the reason behind why the animal was killed. It is a considerable
loss not to have a photograph of this species, which
has a wide distribution in territories of Anatolia from
past to the present day, in its habitat. It is required to
take important steps about pars observed especially
in Eastern and Southeastern Anatolia recently and to
ensure preparation of an action plan about the species, and to start studies on current condition of pars.
Necessary studies also should be conducted to raise
awareness of local people.

27 subspecies of pars were identified because it
has a considerable wide area of distribution all
around the world [4, 5]. Miththapala et al. [5] revised
the number of subspecies of pars which were identified by considering phenotypic and geographical
variations as 8 as a result of their molecular study.
The subspecies " !"distributed in Turkey was included in to the subspecies "  $
 distributed in Iran [5]. Mountain range of
Zagros in northwestern Iran stretches in northwestsoutheast direction from Northern Iraq and eastern
border of Turkey to the Strait of Hormuz and a great
majority of this mountain range is included within
borders of Iran. Total length is about 1600 km and its
width is approximately 240 km [23]. Gavashelishvili
and Lukarevskiy [24] indicated that Zagros Mountains provided a corridor of habitat convenient for
pars. Avgan et al. [13] stated that Zagros Mountains
stretching within borders of Northern Iraq and
Southeastern Turkey had a wide potential for habitat
of pars. Records of pars which have been recently
provided from especially eastern and southeastern
Anatolia in Turkey support hypotheses suggested for
Zagros Mountains progressing as the continuation of
Southeastern Taurus. Therefore, it is possible for the
subspecies  $ distributed in Iran to move
into the farthermost points of Anatolia through the
corridor created by this mountain ranges.
Avgan et al. [13] gave 12 records of pars from
Northern Iraq and Southeastern Turkey in their study
and 10 of these records were verified and two were
unverified. Two of these records were verified and
one was unverified from southeastern Turkey. One
of the verified records was the individual shot in
Yazıoymak village of Şırnak in 2010 and the other
one was the individual killed by shepherds in Çınar
district of Diyarbakır in 2013. Unverified record was
the one given from Bitlis-Cumhuriyet village based
on statements of local people in 2001. The unverified
record given by Avgan et al. [13] from Bitlis Province was verified by the photo of pars in the present
study.
Population of pars has dramatically decreased
in recent years because of habitat loss and
negligently kills with the purpose of protecting
people and their farm animals [25]. Even if it is in
limited number, records of pars considered as extinct
species in Turkey have been found in recent years
[13]. However, all of these records belong to dead
animals identified. The reasons of their deaths were
generally the same, their attacks to sheep herds and
shepherds were given as justification.
Density of pars population is directly associated
with the density of prey species in the region
inhabited [26, 27]. Bitlis province is known to be
quite rich in species hunted by pars. Pars rather hunt
brown hare ( "  "" ), wild boar ( " 
), and wild goat (" ). Domestic
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a significant tool in hydrogeological modeling because of the capacity to learn complex systems by
accepting the human brain neuron system as a base
point [11].
Artificial neural networks (ANN), a method using artificial intelligence, are reliable tools for understanding complex hydrogeological and hydrological
processes. The present study aims to make a contribution to the modeling of rainfall-runoff relationships, this will help with understanding the water
supply for environments and communities flash
flood control systems. In addition, rainfall predictions requiring analyses of larger non-linear data
have become increasingly important during these
times of ongoing climate change and its impact. Prediction of rainfall and runoff amounts in advance
would increase the quality of flood control systems
and ease the strain on available irrigation and potable
water, both having notable effects on hydro-ecology
and the environment.

ABSTRACT
The prediction of a rainfall-runoff relationship
includes complex processes in karstic aquifer systems. In this study, an artificial neural network
(ANN) model is utilized in order to simulate the rainfall-runoff relationships of La Chartreux spring in
the karstic region Cahors, Southern France. Since
numerical models are thought to be insufficient, the
present study will contribute to the improvement of
rainfall-discharge prediction models by using ANNs
in MATLAB software. The model has been conducted with a feed forward and back propagation algorithm. The model is improved by the LevenbergMarquardt algorithm in order to generalize the complex and non-linear rainfall-runoff issues. The meteorological data was obtained from meteorological
stations in the region including eight years of rainfall
and discharge data between 1976 and 1983. Model
performance has been evaluated with respect to statistical error measures (root mean square error
(RMSE), and correlation coefficient square (R2).
This study confirmed that artificial neural networks
are capable of predicting rainfall-runoff relationships depending on the data quality, neural network
properties, and data variability.

GENERAL
CHARACTERISTICS OF STUDY AREA
The study was held in the capital of the Quercy
region, Cahors, located in the southwest of France.
The rainfall and runoff data was gathered from one
of the main springs in the region, La Chartreux. The
source of the La Chartreux spring is sourced the Lot
River.
The main lithologies of the Quercy region determine the hydrogeological conditions of the Cahors region. Apart from the main rivers in the region
(Dordogne River, Lot River) the stream flows are
mainly subterraneous. The Chartreux, is one of those
springs which causes karstic emergences [12]. It is
an important source of potable water for Cahors, it is
also the main outlet of the karstic system in the region which has a catchment area of approximately
250 km2 located on the Limogne plateau [13]. In the
study area and its nearby environs, Mesozoic and
Cenozoic-age geological units can be observed. Jurassic-age Limestone underlies the base of the stratigraphic section. Calcareous marls and Tithonianage limestones are covered unconformably by

KEYWORDS:
La Chartreux Spring, Cahors, Quercy, Artificial Neural
Network, rainfall - runoff relationship.

INTRODUCTION
Understanding the aquifer recharge characteristics of karstic systems is an area of interest for
many researchers [1-7]. Karstic systems have nonlinearities and complexities because of the fractures
and conduits in them [8]. Thus, there exists some deficiencies in modeling such systems with traditional
analytical and numerical models. However, Artificial neural network models are thought more capable
of understanding non-linear and complex processes
and examining data by looking at spatial variability
and stochastic properties [8-10]. ANNs have become
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FIGURE 1
Geological map of the watershed area of the Chartreux spring. (modified from [13])


weighted input signals to pass the sum to the transfer
function [21]. Here transfer functions play an important role in the network connection between the
nodes and layers. In this study, a multi-layer feed forward neural network was used with a log-sigmoidal
transfer function. The neurons are organized in three
different layer groups in which neurons are connected to each other and the other layers. The input
layer is organized to introduce the data to the network; the hidden layer is used for adjusting output
errors by using a sigmoidal activation function to stabilize the network; and an output layer which takes
the inputs from hidden layer and transforms them
into an external output [22].

Cretaceous limestone (Figure 1). Finally, Tertiary
and Quaternary-age alluviums unconformably cover
all these units. There are two strike slip faults apparent in the study area (Figure 1).
The Chartreux reaches an average depth of 865
mm per year as a result of rainfall received by watershed and the Lot River. The karstic systems which
affect the Chartreux spring are dominated by karstic
Jurassic Limestones and upper Kimmeridgian clays
which have strong links to underground conduits
causing a loss zone from the Lot River through the
flow of the Chartreux spring [14].



MATERIALS AND METHODS

Neural network model structure. Model
structure and model architecture indicate the functional relationship between model input and output.
To define proper network structure, the number of
hidden nodes, number of hidden layers, type of transfer function, the number of input and output variables must first be determined [23]. A network is
composed of computational neurons which are connected to each other and responsible for receiving an
array of inputs and producing an output. The number
of input and output variables can be adjusted according to the nature of the problem. There can be multiple input-output or multiple input single output models. Any output array can be an input array transmitted by the neuron connections or the final network
output [24]. Transformations of input or output arrays are provided by mathematical transfer functions. Sigmoidal transfer functions, such as log-sigmoid transfer function, and the hyperbolic tangent
sigmoid transfer function, are the most popular functions [25-27]. In the case of the present study, a
multi-layer feed-forward artificial neural network
was utilized with multiple input single output data.

ANNs mainly imitate the working principles of
the human brain, they can learn solutions to complex
problems and then introduce solutions for further
problems by using the experience and knowledge
gained. The network has the ability to learn, make
decisions and make prediction [9]. It works with
learning and prediction layers, having a certain number of nodes in each layer and forming connections
between each element within the network. The network is said to be a computational tool for the nonlinear complex input-output model [15]. As an artificial intelligence method, many water related studies have shown ANN is a very strong tool for solving
problems about rainfall and runoff relationship with
a nonlinear characteristic [16-20]. In general, ANN
network structures have commonly several layers
which are formed by nodes (neurons) connected to
each other or other layers. These layers are input layers, hidden layer(s) and an output layer. The input
and weighted connections are processed by an algorithm to teach the network how to update weights.
The activation function works on the sum of
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during training as well as the number of preceding
days. The number of preceding days is rather an important parameter for the network since rainfall ±
runoff responses are hard to learn as well as non ±
stationary issues. Thus, according to the number of
days preceding the date, the input vector lets the network include the information from the present day as
well as the time passed [16]. Moreover, several
transfer functions are also tested; the log sigmoid
function, hyperbolic tangent sigmoid function, hardlimit transfer function and triangular basis transfer
function. After model trial-runs with different transfer function options, the log sigmoidal function is
seen as more efficient than others.

Moreover, the log-sigmoidal transfer function is
used as a transfer function. The network is constructed with one input layer and one output layer
which are responsible for presenting the input to the
network and transmitting it to the other layer and representing the external output of the network, respectively. A generalized architecture of a multi-layer
ANN is shown in Figure 2.
Feed forward-back propagation learning algorithm in ANN. For a multilayer feedforward network, for instance, a multilayer neural network
structure shown in Figure 2. Hagan et al. explains the
integration of a back-propagation algorithm into artificial neural networks [28].



Determination of input vector. Although neural networks have been utilized to make forecasts in
many studies of different principles of time series
prediction, most of them have used a low frequency
of input data [31]. The low-frequency time series is
said to be a series of annual, monthly or weekly observations. This low frequency of time series data
also affects the accuracy of the prediction in neural
network models, likewise the parameters of the network (number of hidden layers, neurons and preceding days, transfer and activation function etc.) In the
case of this study, the use of daily rainfall and daily
discharge data makes it one of the stronger sides of
the research. Distribution of daily rainfall and daily
discharge data are given (Figure 3). On the other
hand, the rainfall and the discharge data have been
chosen as raw data sets without any assumption or
formulation. In order to avoid the complexities and
uncertainties in the network by using two raw input
variables lead the network to see purely the quality
of estimation for the rainfall-discharge relationship.
[32-33].

Levenberg - Marquardt Learning Algorithm Modification. Most neural network models
have utilized a back-propagation algorithm with the
Levenberg - Marquardt learning algorithm [29]. The
back-propagation algorithm is the steepest descent
algorithm, while the Marquardt-Levenberg algoULWKPLVDQDSSUR[LPDWLRQWR1HZWRQ¶VPHWKRG>@
Calibration of the network model. The ANN
model calibration is divided into three stages; training stage, testing stage and validation stage. For the
training period back-propagation algorithm, provided by Rumelhart (1998), is utilized in the study.
The back-propagation algorithm is thought by many
researchers to be extremely capable when training
ANN. The neural network is optimized using the Levenberg-Marquardt algorithm. In the training phase,
the network is run to optimize network properties
such as the number of hidden layers, and the number
of iteration epochs, which is the time required to
have passed in order to reach an optimized network

FIGURE 2
General architecture of an ANN. n: number of days preceding the simulated (t+1) th day
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FIGURE 3
Daily rainfall and discharge data over 8 years

ANN phase
Training
Validation
Prediction

TABLE 1
Data splitting for the three phases of Artificial Neural Network-I
Beginning
Ending
Number of
Number of
Date
Date
days
years
01.01.1976
31.12.1981
2190
6
01.01.1982
31.12.1982
365
1
01.01.1983
31.12.1983
365
1

TABLE 2
Data splitting for the three phases of Artificial Neural Network-II
Beginning
Ending
Number of
Number of
ANN phase
Date
Date
days
years
Training
01.01.1976
31.12.1980
2190
5
Validation
01.01.1981
31.12.1982
730
2
Prediction
01.01.1983
31.12.1983
365
1

Data Splitting. The available 8 years of daily
rainfall and daily discharge data collected from the
study area is divided into three groups; training, testing, and validation. The training set is utilized to estimate connection weights; the testing set tries to decide the optimal time for training to avoid overfitting, and the validation set is for judging the ability
to generalize of the model. By following a trial-error
approach the percentage of datasets was determined
and two main dataset subdivision patterns accepted
for the present study [24]. Data splitting models are
shown in tables 1 and 2.

RESULTS OF NEURAL NETWORK MODEL
To understand that a neural network model processes properly, there are certain functions which determine the quality of the estimations produced. For
instance, in successful models, coefficient of determination must converge to 1 and root mean square
error must converge to 0.
Calibration period for la Chartreux Spring.
In order to determine the essential parameters of
ANN, preliminary tests are needed conserving an
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iterative trial and error approach. These parameters
are; number of preceding days, number of hidden
layers and optimum number of iterations required for
optimization of the model. After each preliminary
test, determination coefficients and mean square error values are calculated to observe whether the neural network model is trained well. In karstic systems,
the response of discharge to rainfall could have a
time lag because of aquifer parameters, soil properties, and topography. So, the neural model network
must have information from recent days experiencing rainfall which may influence the discharge. For
this purpose, the number of preceding days is determined. The number of iterations is another important
parameter which helps the model optimize itself. The
number of iterations and the number of hidden layers
are also tested by keeping the number of preceding
days and number of iterations constant and assuring
a trial and error approach. Neural network model parameters and their calculation domains are listed in
the Table 3.
The number of years of training, validation, and
the testing phases are a deterministic point for having
well-calibrated models. The neural network determines the relationship between the input variables
and predicted variables by determining connection
weights during the training phase, during the validation phase the network tries to arrange connection
weights between neurons by diminishing the errors.
After many trials of the stages of ANN periods, it can
be observed that the neural network model gives
more reliable results when it is assigned 5-6 years of
training and 1-2 years of validation. After calibration
runs were performed, the best calibrated model

parameters have been listed in Tables 4 and 5 with
corresponding determination coefficients and mean
square error variables. The 6 best calibrated models
and related properties are listed in Table 4. It can be
observed that R2 values are always more than 0.95
for the training and validation phases which implies
the learning phase was performed successfully.
It can be observed in table 5 that the determination coefficient values are higher than 0,94, indicating that the network has been well trained. However,
when compared with the model trained for 6 years it
is clear that R2 values have slightly decreased. Thus,
it can be interpreted that ANN models are statistically more reliable with a longer period of training.
Prediction period. For the testing period, the
parameters obtained from the learning phase of the
neural network model were used to predict daily discharge values for 1983. According to the results, the
best-calibrated model is Model 5-I which underwent
6 years of training and 1 year of validation phases
and has 7 preceding days and 8 hidden layers. For
that model 1100 iterations were seen as optimal.
When the neural network model has been trained for
5 years and undergone 2 years of validation period,
the model 5-II reaches better calibration when the
number of preceding days is 5, and the number of
hidden layers is 10 with iterations of 700. In figure
4, a related scatter plot of the best-calibrated model
shows daily observed discharge versus daily predicted discharge. Figure 5 shows observed and predicted daily discharge values and their related daily
rainfall values. Tables 6 and 7 illustrate the main statistical results of those two calibrated models.

TABLE 3
Artificial neural network calibration parameters domain
Training year
Validation year
Testing year
5-6
1-2
1
Preceding days
Number of iterations
Number of hidden layers
2-10
10,100,300,700,900,1100
4,6,8,10,12,14
TABLE 4
The artificial neural network model parameters of best-calibrated models with 6 years of
training and 1 year of validation
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Nit
300
700
300
300
1100
700
Np
6
4
3
6
7
9
Nh
12
10
14
6
8
7
*Nit: number of iteration, Np: number of preceding days, Nh: number of hidden layers


TABLE 5
The artificial neural network model parameters of best-calibrated models with 5 years of
training and 2 years of validation
Model 1
Model 2
Model 3
Model 4
Model 5
Model 6
Nit
1100
700
100
100
700
300
Np
10
8
8
6
5
6
Nh
8
12
8
6
10
12
*Nit: number of iteration, Np: number of preceding days, Nh: number of hidden layers
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TABLE 6
Statistical results of the Neural Network Model
Model 5-I
Model 5-II
m3/s
Q observed
Q predicted
Q observed
Q predicted
Minimum
0,99
2,57
0,99
1,61
Maximum
20,4
16,6
20,4
17,8
Mean
4,55
6,41
4,59
5,11
Standard deviation
3,54
3,45
3,61
2,99
Variation coefficient
0,78
0,54
0,79
0,59


TABLE 7
Statistical comparison between observed and predicted values of calibrated ANN models
m3/s
Model 5-I
Model 5-II
2
R prediction
0,6826
0,651
RMSE prediction
0,0921
0,0662

FIGURE 4
Scatter plot of ANN model 5-I with a 6-year training period (A), scatter plot of ANN model 5-II
with a 5-year training period (B)
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(A)

(B)



FIGURE 5
Observed versus predicted daily discharge values for La Chartreux spring and rainfall hydrograph.
Best calibrated model with 6 years of training and a 1-year validation phase (a), Best calibrated model with 5 years of training
and a 2-year validation (b)

x=y line. However extreme values are located far
from that line which means the present ANN model
could not estimate these extreme values with enough
accuracy. As shown in Figure 5, ANN was mostly
able to predict the daily discharge as it was compatible with daily rainfall and observed discharge. However, ANN could not always reasonably estimate the
daily discharge values which might correspond to a
sudden increase or decrease in rainfall. As a result of
the time lag between rainfall and discharge responses, inconsistent discharge values were observed. While observed discharge is not affected by
a particular rainfall, it was observed that the ANN
model can respond to rainfall input with a discharge
output more effectively.

Table 6 and 7 summarize the statistics of observed and predicted daily discharge values of the
two best calibrated models. Model 5-I and model 5II have almost equivalent average values. Standard
deviation values, however, are slightly more acceptable for model 5-I than for model 5-II. The correlation coefficients of variation show the diffusion
of average values, which are almost identical for
both models at almost the same degree. Accordingly,
maximum values of the observed discharge are
higher than the predicted discharge for both models,
while the minimum amount of observed discharge is
lower than that of the predicted discharge. The correlation plots of calibrated ANN models (Figure 4)
indicate that more than an average of the predicted
and observed discharge values are clustered on the
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given above, it can be concluded that ANNs are capable of identifying rainfall ± runoff relationships,
even in complex hydrogelogical systems at uncertain
degrees of performance efficiency depending on the
quality of input variables, duration of the learning
period of the neural network, the mathematical algorithm used for learning, and considered or not considered hydrogeological properties of the study area.

DISCUSSION
The daily rainfall and runoff relationship were
conducted by using artificial neural network methods for La Chartreux spring. The feed forward - back
propagation algorithm was chosen as the artificial
neural network algorithm. Since the Levenberg Marquardt algorithm gives better solutions with feed
forward ± back propagation algorithm, it was chosen
as the learning algorithm. For the most part the predicted daily runoff matches the observed runoff values on rainfall and discharge hydrographs. Scatter
plots also indicate that there is a conformal relationship between observed and predicted discharge values. For all model runs, the determination coefficient
for training and validation periods was never less
than 0,94, and the mean square error has always been
less than 0,1, indicating the network model has the
capability of making realistic simulations. However,
inefficacious values were observed when discharge
reaches peaks and bottoms. Although the learning algorithm of the neural network can respond to rainfall
input with appropriate discharge output, real rainfall
does not always affect the real discharge values as
much as expected. Since it is out of the scope of this
study, possible reasons for having lower discharge
values than estimated by the neural network is a potential area for further study.
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work also showed that soil quality can adjust soil nutrient seems to be especially important to changes.

%&$&

Soil respiration ( ) was hypothesized to have
a special response pattern to soil physiochemical
properties (SPP) and different land uses in the soil
freeze-thaw period (FTP). SPP included soil environmental, soil quality, soil carbon (C), soil total and
available nutrient. Land use treatments were longterm grazed grassland (GG), long-term ungrazed
grassland since 1984 (UGII) and short-term conversion of grassland to farmland since 2014 (GF). The
soil sampling sites (depth of 20 cm) were subsequently selected for monitoring of soil temperature,
soil water content and  of each land use treatments.
The  correlations with SPP at different land uses
were identified with statistical analysis. Structural
equation modeling (SEM) was performed to analyze
hypothetical pathways that may explain the multivariate relationships between explanatory variables
(e.g. SPP) and . This work analyses data came
from soil FTP occurs regularly from April to May,
2017. On average,  exhibited pronounced temporal variation with the highest value of 4.42 μ mol·
m-2· s-1 at 14:00 pm in the GF site occurring soil thaw
period and the lowest value of 0.44 μ mol· m-2· s-1 at
20:00 pm in the GG site occurring soil freeze period.
The content in GG and GUII sites increased by
43.87% and 44.93% for soil organic carbon, by
65.65% and 70.18% for soil microbial biomass carbon and by 16.57% and 19.52% for soil total carbon,
respectively, compared with GF site. SEM model
observed that soil quality had a strong positive correlation with soil total nutrient (r=0.70, <0.001),
and soil total nutrient (r=0.96, <0.001) had a strong
positive correlation with soil C, whereas the soil C
had a negative correlation on  (r=-0.25, <0.01).
To conclude, long-term ungrazed grassland can increase of plant biomass and contributed to the increases in soil nutrient result in increases of soil C
content. More nutrient input, for instance, sheep manure and crop residues can be applied to the farmland
to enhance the soil fertility and decrease of . This

+)"$%
Structural equation model, Field experiment, Short-term,
Long-term
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The environment is closely related to soil organic carbon (SOC) and soil respiration ( ). SOC in
terrestrial ecosystems is the major chain for the
global carbon cycle [1].  can discharge carbon dioxide (CO2) when soil organisms respired and decomposition of SOC, which is the primary source for
greenhouse gas [1]. Intensive studies in grassland
ecosystems in Central Europe, Tibetan Plateau, Australia and North America have revealed that vary
with human actions, species richness, climate
change, soil managements and soil microbial activity, and the role of from grasslands in the world is
an important consideration in the global CO2 budget
[2-10] recently calculated that annual process contributes approximately 12.53 pentagrams of C per
year for the global grasslands scale [11]. The accurate estimation of global  are of great importance
in resolving these uncertainties, but is poorly understood due to a lack of available data, especially data
during periods of freezing and thawing [9]. This
might be due to the many studies focus on the growing season when most of the  are discharged.
Therefore, a key mistake can occur in evaluating 
if we neglect the fluxes during the non-growing season, particularly in the soil freeze and thaw period
[1]. To improve our ability to accurately quantify the
non-growing season  and their potential responses
to environment change are needed.
Liu et al. [12] showed that soil freeze-thaw period (FTP) consisted of freeze at -5/-10°C and thaw
at 5/10°C, which is caused by the phase transition of
soil water, is a common process during the nongrowing season in mid-high latitude regions. FTP
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ever, the different land uses in soil FTP in Northwestern China have a higher altitude, a lower air
temperature and a higher SOC concentration, which
is hypothesized to result in unique patterns. With
the understanding of  dynamics among different
land uses, the  and SPP relationship with long term
land-use can be further explained.
We hypothesized that influences of different
land uses on SPP would continue to be presented
over the long-term field application. Thus, the 
would also indirectly be changed with SPP variation.
To test the hypotheses, we focused on analyzing the
relationships between SPP and  during soil FTP
using structural equation modeling (SEM) methods.

can have effects on soils comparable to those of drying and wetting, and have been reported to result in
soil C discharge [13]. The SOC content that becomes
available during soil FTP is easily decomposable and
increased of [13]. from soils under FTP can be
related to soil physiochemical properties (SPP). Ernakovich et al. [9] observed that for plant roots and
the organisms inhabiting soils, soil temperature rather than air temperature is the primary driver of
their metabolic activities during soil FTP. However,
effects of SPP on during freeze and thaw period,
remain almost unstudied to now [14]. This is primarily attributed to the combined impacts of different
land uses on  in soil FTP are still not clear (e.g.
different land use practices, environmental conditions, climatic changes etc.) [1]. Furthermore, significant unclear exist when estimating current and future from different land uses for a number of reasons, such as the quantity and quality of vegetation
residues, land-use intensity and soil properties [15].
Thus, understanding the dynamics of  under the
conditions of different land use in soil FTP could not
only improve soil quality and sustainability but also
mitigate global warming, providing “win-win” benefits.
Land use is one of the main factors that control
the soil nutrient content [16]. Meanwhile, soil nutrient is vital to humans because it not only influences
the soil fertility but also supports crop yields and
quality of food [17]. Although many reports have focused on the effect of land-use on the soil nutrient
content, the effects of  on the soil nutrient content
are not clearly understood due to the variability of
tillage systems and the shortage of historical soil data
[18]. The intensive tillage and nutrient adjustment
are the direct reasons for from soils [19] because
they are identified as the main driving forces for 
dynamics in the agro-ecosystem [20]. Therefore, the
farmland scale study will provide a comprehensive
relationship analysis of land-use and  [21].
On the global scale, human actions are changing the land use conversions, such as the conversion
of grassland to farmland, deforestation and ungrazed
management, have contributed to approximately
35% of the total anthropogenic  since 1850 [15,
22]. The  are sensitive to the soil background SOC
concentration and availability of nutrients [14, 23].
The grazed grassland soil lost 20%-30% of its total
C after it was reclaimed for farmland with higher 
[1]. However, the conversion of grazed grassland to
ungrazed grassland may decrease of and contribute to the higher SOC concentration [24]. This may
be due to the ungrazed grassland had higher aboveand below ground biomass and the improvement of
soil aggregates are the main reasons for accumulation of SOC [15, 24]. The links between  and SOC
concentration dynamics and their effects on SPP in
warm and temperate land use conversion have been
reported with previously proven methods [16]. How-

&$%! &"%

%5?11>/=5;?5:9The study was conducted at
the Bayinbuluk Grassland Ecosystem Research Station, Chinese Academy of Science (42°53.1′N,
83°42.5′E, and 2500 m a.s.l.). Bayinbuluke alpine
grassland is located in the southern Tianshan Mountains, Xinjiang Uygur Autonomous Region, Central
Asia and covers a total area of approximately 23, 000
km2. The local climate is characterized by strong solar radiation with long, cool summers and cold winters. The annual mean air temperature is -4.6°C. Annual average precipitation is about 273.53 mm with
70-80% occurring during the growing season from
June to September. The coldest monthly mean air
temperature is -28.11°C in January and the warmest
is 10.76°C in July (data were sourced from the China
Meteorological Administration). 
Three experimental sites were established in
early April 2017 due to soil FTP occurs regularly
from April to May [25]. Land use treatments were
GG site grazed grassland by two sheep per hectare
during soil FTP (100 ha), UGII site ungrazed grassland since 1984 (0.25 ha) and GF site was the conversion of grassland to farmland since 2014 (55 ha),
respectively. GG and UGII sites are dominated by
   ,     , and are a dry
grassland type. On average, the vegetation coverage
measures from 60% in GG site to 90% in UGII site,
with above ground biomass (mainly litter and standing litter) by 318 g m-2 and 515 g m-2, and below
ground biomass at 0-20 cm depth by 1.7 kg m-2 and
2.3 kg m-2 in the GG and UGII sites, respectively.
The dominant soil type is a silty clay loam of

   according to the Chinese national
soil survey classification system.
Farmers in the study area traditionally grow 
      and these crops are usually sown in
early May and harvested in late September. The
common practice is to plow the soil at least once before the crop growing season down to 20 cm using a
rotary tiller mounted with the tractor. Drip irrigation
technology has been applied since 2014, and irrigation water volume range from 4, 000 to 6, 000
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%:57 $1>;5=-?5:9 We inserted 4 polyvinyl
chloride (PVC) collars (20 cm in diameter and 10 cm
in height) into the soil (with about 5 cm left above
the ground) and distanced by more than 6 m away
from the plot edge in the GF, GG and UGII site before the experiment started, respectively. To avoid
aboveground plant respiration, litter and standing litter inside the soil collars were clipped at the soil surface before we measured the .  was measured by
a portable soil CO2 fluxes system (LI-8100, LI-COR,
Nebraska, USA) with its chamber placed on these
PVC collars from 8:00 am to 20:00 pm and the measuring interval was 3h. After chamber closing, a 90120 s period of CO2 concentration in the chamber
was measured and recorded every second by the system. Due to the local soil temperature and crop cultivation pattern, the measurements were made three
times every month included freeze and thaw period.
This period covered the soil temperature from the
minimum to the maximum range and also considered
most of the tillage practice sections during soil FTP.
In addition, the ST and SW of the surface soil layer
(0-20 cm) were concurrently determined while the 
were measured.

%?-?5>?5/-79-7C>1>Structural equation modeling (SEM) was performed to analyze hypothetical
pathways that may explain the multivariate relationships between explanatory variables (i.e. land use,
soil environmental and soil nutrient etc.) and .
Rabbi et al. [30] showed that SEM analyzes a system
of pre-specified linkages between causes and effects,
and assigns explanatory power (or explainable variation) to the links between variables. In addition,
pairwise regressions as well as relationships between
explanatory variables can be analyzed by SEM,
which are both essential in estimating the effect size
associated with dependent variables. Grace et al.
[31] reported that the capacity of SEM to separate
“indirect action” of a variable on dependent variables is considered one of the most important advantages of SEM.
Before performing SEM, multiple regression
and exploratory factor analysis were performed to
evaluated the influence of soil management practices
(land use) and SPP included soil environmental (ST
and SW), soil quality (pH, EC and BD), soil total
(TN, TP, and TK) and available (AN, AP and AK)
nutrient, and soil C (SOC, SMBC and TC) on  during soil FTP. Based on the a priori understanding of
effect of different land uses on  [1], the land uses
were coded depending on grasslands favorable and
unfavorable uses of years in the SEM [30]. To construct a SEM we hypothesized that the SPP and 
were dependent on the land-use. Non-significant chisquare (χ2) test, comparative fit index (CFI), degree
of freedom (df), Chi-square (χ2) test/degree of freedom (df), and root mean square error of approximation (RMSEA) were used to find an acceptable SEM
model. Multiple regressions were performed using

m3 ha-1. No application of chemical fertilizers (e.g.
nitrogen, phosphorus or potassium fertilizer), manure (about 1.05×105 kg -1.20×105 kg sheep manure
ha-1) only was applied once every three years at sowing, and the sheep manure was collected in the local.
The yield of       was approximately 4,
500 kg ha-1. The    straw was removed
from the plots after harvest, while the    
residues were incorporated into soil during plowing.

%:57 %-8;7593 -90 9-7C>5> Six sampling
quadrats (each 0.5 m × 0.5 m) were established at 10
m intervals along a random transect and a 10 cm diameter root core sampler in the five quadrats after
the aboveground biomass were collected on 15 April
and 14 May in 2017. Soil samples also were collected on the same day to a depth of 20 cm with a 5
cm diameter soil core sampler. A soil sample was
composed by mixing sub-samples from five randomly selected locations from one another and at a 6
m distance from the plot boundary within each plot.
The soil samples were gently mixed, and the visible
roots, plant residues and stones were removed. One
sub-sample was stored field-moist in a cooler at 4°C
for microbial biomass carbon (SMBC) analyses
within 7 days. Another sub-sample was air-dried,
passed through a 2 mm sieve, and then ground to
pass through a 0.25 mm sieve for measuring the SPP.
Soil pH and electrical conductivity (EC) were
measured in a volume ration (H2O) of 1:5 () using
a pH meter (FE-20, Shanghai, China) and an electric
conductivity meter (FE-30, Shanghai, China), respectively. Soil water content (SW) and bulk density
(BD) at 20 cm depth were measured gravimetrically
(105°C, 24h). Soil temperature (ST) at 20 cm depth
was measured by thermometer (Wuqiang Inc.,
Hengshui, Hebei, China). SOC content under different land uses was determined by wet oxidation with
K2CrO7 in the presence of sulfuric acid at 170-180°C
[26]. Soil total carbon (TC) and total nitrogen (TN)
contents were measured [27] using an Elemental analyser (Vario EL III, Germany). Soil available nitrogen (AN) was detected using the alkaline hydrolysis
diffusion method [28]. Soil total phosphorus (TP)
and available phosphorus (AP) were assayed using a
visible spectrophotometer (723-PC, Shanghai,
China). Soil total potassium (TK) and available potassium (AK) were quantified using inductively coupled plasma-atomic emission spectrometry (FP-640,
Shanghai, China) [28]. The SMBC was determined
using the chloroform fumigation-extraction method
[29]. Paired 10.00g field-moist soil samples that
were either un-fumigated or fumigated with alcoholfree CHCl3 for 24 h were extracted with 50 mL of
0.50 M K2SO4 solutions. Organic C in the extracted
supernatant was analyzed using an automated TOC
Multi N/C 3100 analyzer. The efficiency factor of
0.38 (Kec) was used to calculate the content of
SMBC.
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ments in this soil FTP (Fig. 1 and Table 1). This result is generally consistent with that of Liu et al. [32],
who observed that the  are suppressed by the lower
temperature and it is then raised following a positive
correlation with the increased temperature at the beginning of the thawing period.  originated mainly
from belowground biomass (e.g. root) and microbial
activity, which are both strongly influenced by available soil water content. Jia et al. [33] showed that
two phases of soil water content effects on soil microbial can be identified (i) when soils are relatively
dry, metabolic activity increase with increasing soil
water availability; (ii) when soils are too wet, oxygen
deficiencies inhibit aerobic respiration. Kurganova
et al. [14] also has reported that a thaw or temperate
period caused a net C source, while a freeze period
and similar winter condition caused a net C sink in a
land use conversion ecosystem. These findings are
been confirmed in this study that during the entire
thaw period, soil water content fluctuated in the
range of 5.16%-19.51% (Fig. 1c) and advantageous
for  for all land use experiments. Compared with
the grasslands (GG and UGII), the increase of  also
might be explained by the increase of tillage disturbance and the decrease of plant biomass, which directly decrease the inputs of organic C into the soil
and raise the loss of SOC caused by aerobic respiration. This result is generally consistent with that of
[1] in the northeastern China, who found similar increases after grassland reclaimed for farmland.

SPSS software. The structural equation modeling
was performed using AMOS 17.0 (IBM SPSS,
Amos Development Corporation, Meadville, Pennsylvania, USA).
The SPSS software was also used to conduct
Spearman correlation analysis to identify correlations between soil indicators and  with levels of
significance at <0.05, <0.01 and <0.001. Oneway analysis of variance (ANOVA) was used to test
the effects of land-use treatment on SPP and , and
Fisher’s least significant difference test (LSD) was
used to test the differences of SPP and  among land
use treatments.


$%'&%!%'%%"!

-90%:579A5=:9819?-7(-=5-.71>@=593
&#  exhibited pronounced temporal variation
with the highest mean value of 4.42 μ mol· m-2· s-1 at
14:00 pm in the GF site occurring soil thaw period
and the lowest mean value of 0.44 μ mol· m-2· s-1 at
20:00 pm in the GG site occurring soil freeze period
(Fig. 1). The temporal patterns showed that  significantly positive correlation with soil temperature
(ST, r=0.656, <0.05) and significantly negative
correlation with soil water content (SW, r=-0.835
<0.001) at the 0-20 cm depth for all land use treat-


'$ 
&18;:=-70C9-85/>:2->:57?18;1=-?@=1.-90>:57B-?1=/:9?19?/-? /801;?4@901=
05221=19?7-90@>1>0@=5932=11D1-90?4-B;1=5:0
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Different letters above same color columns indicate difference between treatments tested by one-way ANOVA ( <0.05).
The bars represent standard errors. ** <0.01; *** <0.001.

& 
&41/:==17-?5:9=-90>539525/-9/1A-7@1>:2
?41;-5=B5>1=13=1>>5:9>.1?B119>:575905/-?:=>
-90>:57=1>;5=-?5:9

by sheep (e.g. GG site) also lead to the ground surface became bare and hard soil compactness might
have resulted in the lower  [33, 36]. Our results
confirmed that diurnal variation in  in the thaw period were significantly higher ( <0.01 or <0.001)
than in the freeze period due to soil environment-induced, which the increased percentages of freeze to
thaw were 79.56% at GF, 71.17% at GG and 68.17%
at UGII, respectively (Fig. 2). We conclude that 
are more sensitive to soil environmental-induced,
and soil water content seems to be especially important.

&41 $17-?5:9>45;> 1?B119  90 "?41=
-/?:=>@=593&#Our results observed that the
conversion of grassland to farmland (GF) significantly ( <0.05) increased the soil pH, BD and decreased the EC during soil FTP. On average, compared with GF site, the treatments of GG and GUII
decreased the percentages of pH value (by 7.24%
and 1.75%) and BD (by 21.51% and 32.13%) and
increased the percentages of EC (by 29.05% and
26.17%) during soil FTP. Table 1 showed that a positive correlation between soil pH and . The relationship is similar to those reported by Luo and Zhou
[34], indicating that soil pH has an effect on the
growth and proliferation of soil microbes as well as
. Production of  usually increases with pH when
a pH range of 4 to 9 that suitable for most of the
known bacterial species grow. In addition, our results also found that a positive correlation between
soil BD and  (Table 1), in agreement with results
of Yao et al. [27] in a black soil of northeast China.
Whalen et al. [37] showed that the  increase as soil
BD increase, because of the decrease in soil porosity
and soil aggregate stability. In contrast, compared
with GG and GUII sites, the content of EC decreased
by GF treatment, can be primarily attributed to sheep
manure input, soil water content and climatic. The
relationship between EC and  was negative (Table

Soil indicators
r

pHa
 
0.002
ECa
 
0.001
BDa
 
0.006
TNb
 
0.023
TPb
-0.296
0.350
TKb
-0.561
0.058
ANc
-0.533
0.074
APc
 
0.001
AKc
 
0.019
SOCd
 
<0.001
SMBCd
 
0.001
TCd
 
0.008
SOC:TN ration
 
<0.001
STe
 
0.021
SWe
 
<0.001
Values in bold indicate significant correlations ( <0.05).
a
pH, soil pH; EC, electrical conductivity; BD, soil bulk
density.
b
TN, TP and TK indicate soil total nitrogen, total phosphorus and total potassium, respectively.
c
AN, AP and AK indicate soil available nitrogen, available phosphorus and available potassium, respectively.
d
SOC, SMBC and TC indicate soil organic carbon, soil
microbial biomass carbon, soil total carbon, respectively.
e
ST and SW indicate soil temperature and soil water content, respectively.

The  was significantly correlations with different land uses during soil FTP. Compared with GG
site,  at GF and UGII site increased the percentages
by 32.46% and 0.97% in this thaw period, respectively (Fig. 2). The  at UGII site were higher than
that at GG site, this might be due to soil substrate
availability and types [34], high amounts of litter and
root inputs to soil increase the organic C content [15]
and accelerate turnover rates of SOC [35]. In addition, the continuous grazing and frequent trampling
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increased might be explained by about 67.2% of nitrogen and 99.5% of phosphorus in sheep urine and
dung patches, respectively, and directly discharge
into the grassland. However, the content of some nutrient (e.g. AN) were not conducive to accumulation
in the soil, which the reasons were primarily due to
long-term trampling results in soil structure deterioration and promoted nitrogen volatilization, as observed by Hou et al. (2003) [36]. Furthermore, the
pairwise correlation analysis showed that  was significantly ( <0.05) negatively correlated with soil
TN, AP and AK content (Table 1). GF treatment is
the main driving forces for the negatively correlated
between  and soil nutrient in these land-uses. This
result is generally consistent with that of Ouyang et
al. [16], who found the most significant soil nutrient
loss occurred in the conversion of grassland to farmland, conversions which discharge the same amount
of C into the air (e.g. ).
Land-use treatments had a significant ( <0.05)
effect on the content of SOC, SMBC and TC during
freeze and thaw period. On average, the content in
GG and GUII sites increased by 43.87% and 44.93%
for SOC, by 65.65% and 70.18% for SMBC and by
16.57% and 19.52% for TC, respectively, compared
with GF site, suggesting that SMBC content were the
most sensitive to land use due to change percentages
(Fig. 3j-l). The increased content of the three measured soil C in the grasslands (e.g. GG and UGII) in
the present study showed that biological activity was
highly promoted by recovery of plant. Long-term
ungrazed grassland is well known to improve soil
properties by increasing plant biomass inputs [24].
By contrast, the conversion of grassland to farmland
change the SPP (Fig. 3(s)) and biological activity
[42], which further deliver impacts on the soil C contentand  level. The pairwise correlation analysis
showed that  was significantly ( <0.01) negatively
correlated with soil SOC, SMBC and TC content are
listed in Table 1 in the entire land use treatments.
These negatively correlations are consistent with
those of Yu et al. [35] who found tillage could destroy the soil aggregates, enhance soil heterotrophic
activity and increase the  [1]. In contrast, Longterm ungrazed (e.g. UGII) grassland may increase
the C content and improve the soil aggregates via
high amounts of litter and root inputs to the soil, resulting in the C becoming more stable due to the protection of soil aggregates [15]and decrease the 
(Table 1 and Fig. 2).
We conclude that  were significantly correlations with soil quality, soil nutrient and soil C, and
suggested that the long-term impacts of land use on
the  were driven by SPP.

1), as was also reported by Geng and Dai [38], suggesting that the more high EC values, the more soil
salinity and high salt content in soils can reduce the
soil microbial activity direct lead to decrease of .
In general, soil pH was much more sensitive to different land uses than EC because it can regulates
chemical reactions and a multiplicity of enzymes in
microorganisms [34]. Gliński and Lipiec [39] reported that plants can acidify their rhizosphere soil
by as much as two pH units due to release of organic
acids in exudates and higher root uptake of cations
than anions, leading to root excretion of H+ ions.
This result could be partially explained by the longterm ungrazed (e.g. UGII) of these pH values are
lower than GF site caused by higher above-and below-ground biomass.
 via microbial decomposition of SOC is accompanied by either immobilization or mineralization of nutrients and is thus related to soil nutrient
dynamic [34]. The changes in soil nutrient among
various land uses can be used to evaluate their responses to land management practices [35]. On average, soil tillage results in lower contents of TN
(3.82 gEkg-1), TK (6.53 gEkg-1), AN (98.87 mgEkg-1)
and AK (166.06 mgEkg-1) contents (Fig. 3) than soils
under grassland (e.g. GG and UGII sites) during soil
FTP, which might be explained by (i) no application
of chemical fertilizers in the farmland and (ii) crops
are removed, which decrease the inputs of soil nutrients into the soil (e.g. decreased source of TN, TK,
AN and AK contents). These findings are in line with
that of Ouyang et al. [1] in the northeastern China,
who showed similar decrease in soil nutrient after the
conversion of grassland to farmland. Interestingly
enough, the contents of TP in the GF site average
was 1.03 gEkg-1 significantly increased compared
with the UGII (0.91 gEkg-1) site, except for the GG
(1.18 gEkg-1) site (Fig. 3e). Moreover, the AP contents in the GF site (35.38 mgEkg-1) significantly
( <0.05) lower than GG (50.58 mgEkg-1) and UGII
(39.94 mgEkg-1) sites (Fig. 3h). This might be due to
the management practices of these land-uses treatment. Because (i) the higher phosphorus contents of
sheep manure could be attributed partly to the addition of soil phosphorus contents in GF site, indication that this land use treatments can be increased a
sources of phosphorus; (ii) Reddy et al. [40] showed
that some of the soil inorganic phosphorus contents
taken up by the crops was probably converted to organic phosphorus through the return of plant residues (roots and stubble) and may have accumulated
as organic phosphorus possibly due to suppressed
mineralization at higher rates of phosphorus addition. In the present study, the highest TN, TP and AP
content observed in the GG site could be due to
sheep urine, dung patches and trample intensity.
Similarly, Chen et al. [41] and Hou et al. [36] observed that with the increase trampling intensity, the
contents of soil nutrient (e.g. TN or TP) significantly

%  9-7C>5> :2 905=1/? $17-?5:9>45;> :2
Structural equation modeling (SEM) is a simultaneous measurement method included “indirect action” of land use on SPP variables and [30]. In
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GF, the conversion of grassland to farmland; GG, long-term grazed grassland; UGII, long-term ungrazed grassland. See Table
1 for other abbreviations.
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Results of the optimal model fitting Chi-square (χ2)= 117.494, comparative fit index (CFI)= 1.000, degree of freedom (df)= 73,
χ2/df= 1.609, root mean square error of approximation (RMSEA)= 0.202. Square boxes denote variables included in the models.
The percentages of values associated with symbols ↓ or ↑ within each box indicate an decrease and increase of average value
in response to long-term ungrazed grassland compared to the short-term conversion of grassland to farmland during soil FTP.
Values (red) associate with single arrows represent standardized path coefficients. The proportion of variance explained (R2)
appears alongside every standardized path coefficient in the model. See Table 1 for abbreviations.

GF site (Fig. 4). Standardized path coefficient observed that land use had a positive correlation
(r=0.22, <0.01) on soil C, whereas the soil C had a
negative correlation on  (r=-0.25, <0.01). SEM
model also observed that soil quality had a strong
positive correlation with total nutrient (r=0.70,

previous studies had reported that C sequestration in
soils is a feasible strategy for reducing the rate of 
in the atmosphere [43]. Hence, this study constructed
a SEM based on the key drivers of soil C affecting
. Long-term ungrazed site may decrease of  and
contribute to the higher soil C content compared with
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<0.001). Soil environmental (-0.28), soil total nutrient (-0.21), soil available nutrient (0.34) and soil
quality (0.35) had “indirect action” on soil C through
the influence on land use (Fig. 4). Furthermore,
among the soil available (r=0.13, <0.05) and total
nutrient (r=0.96, <0.001) had a strong positive correlation with soil C. However, the “indirect action”
of soil environmental (r=-0.25, <0.01) and soil
quality (r=-0.30, <0.01) on soil C were significant
negative correlation. The standardized “indirect action” showed that soil quality and soil total nutrient
are the most important factors determining soil C and
influence of  across Northwestern China during
FTP.
 are affected by land use and soil C. Soil quality and soil nutrient impacts soil C. Meanwhile, soil
quality conditions had a marked correlation with the
soil available nutrient (R2= 0.15) as well as soil total
nutrient (R2= 0.49) as shown in Fig. 4. Soil quality
includes the soil pH may adjustment the change of
soil nutrient, which is consistent with Tian et al. [44],
who showed that slightly alkaline soils decompose
soil nutrients (e.g. TN) quicker than acid soils when
other conditions remained equal, suggesting that
lower TN might exist in higher soil pH compared to
acidic soils. Furthermore, conversion of land from
grassland to farmland can lead to drastic pH dynamics after a few years. This might be due to a loss of
SOC, removal of soil minerals when crops are harvested, erosion of the surface layer, and effects of
TN content [34]. In addition, Huo et al. [45] also
showed that the SOC: TN ratio is one of the key factors influencing SOC decomposition. These findings
are in line with this study that SOC: TN ratio significantly negative correlation with  ( <0.001) during the entire freeze and thaw period (Table 1).
Therefore, we suggested that through relatively intensive rotational grazing can increase of above-and
below ground biomass. More nutrient input, for instance, sheep manure and crop residues can be applied to the farmland to enhance the soil fertility and
decrease of . This work showed that soil quality
can adjust soil nutrient seems to be especially important to changes by SEM analyzed.





!"  ! 

for farmland, suggesting that the UGII site contributed to the increases in soil nutrient result in increases of soil C content and decreases of (indirect
relationships). Thus, rational grazing and more nutrient input would be helpful for promoting sustainable land resource use. The following conclusions
were reached in this study: (i) Different land uses
had different effects on SPP and , primarily
through the effects of management practices and soil
environmental; (ii) Soil quality can adjust soil nutrient seems to be especially important to changes.
!") !&%
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and unfavorable for the host. Stem height and root
and stem weight decreases in diseased plants [3].
The first visible symptoms of diseased plants
are yellowing and progressive wilting of the leaves
followed by dying of stems especially in the older
plants. The plant may wilt within a week after the
appearance of the first symptom. When the stem of
the infected host is pulled from soil and inspected
closely, charcoal rot with grey black root and stem
discoloration can be seen on the ground level. In
most severe cases numerous sclerotial bodies on the
infected host tissue may be seen scattered on the affected tissues. Often the conidial or pycnidial stage
is produced on the host.
Peanut [Glycine max (L.) Merr] and sesame
(Sesamum indicum L.) DUH WKH ZRUOG¶V PRVW FXOWL
vated oil and protein crops grown in more than 100
countries around the world between the latitudes of
40° North and 40° South, in most tropical, subtropical, and temperate countries. Charcoal rot is one of
the important diseases of both crops [4] and can reduce peanut and sesame productivity to intolerable
levels in the production areas. Besides some alternative control techniques [5, 6], no efficient chemical
control present in the conventional agriculture.
Temperature, humidity, pH-values, and ultraviolet light (UV) have important effect on host plant,
pathogenicity, distribution, and severity of infection
and colonization [7, 8]. Among the environmental
factors temperature is a key factor determining the
activity of organisms in ecosystems [9]. Regional
temperature change can affect host selectivity and
genetic diversity in several ways, including (i)
changes in the distribution of different isolates in
space and time (ii) changes in host selectivity of isolates (iii) evolutionary adaptation of isolates to each
unique environmental condition. Hence, the present
study was carried out within a framework of research
aimed to elucidate temperature response, host selectivity and genetic diversity of M. phaseolina in peanut and sesame growing areas in the southeastern
Mediterranean region of Turkey.

ABSTRACT
In this work, KRVWVSHFL¿FLW\ FRPSDULQJvirulence levels on diverse hosts), temperature response
as a physico-morphological characteristic, and genetic diversity of 40 M. phaseolina isolates from sesame and peanut plants with different geographic origins were evaluated. Sesame and peanut isolates of
M. phaseolina performed different levels of virulence on maize, watermelon, melon, peanut, and soybean. The temperatures between 25 and 30 °C were
the optimum temperatures for colony size of isolates
from sesame and peanut. A temperature of 25 °C was
optimal for only 26 isolates (65%), but 30 °C was
optimal for 39 isolates (97.5%). UPGMA clustering
of data indicated that the Sesame and peanut isolates
displayed various levels of genetic similarity within
a range of 0.79 to 1.0 similarity coefficient index in
three major cluster groups. With a few exceptions,
isolates from the same or close locations tended to
group together.
KEYWORDS:
Glycine max, Sesamum indicum, charcoal rot, selective
virulence, genetic variation, geographic origin

INTRODUCTION
Macrophomina phaseolina (Tassi) Goid., the
causal agent of charcoal rot, is a well-known destructive soil and seed-borne polyphagous pathogen of
more than hundreds of economically important crop
and wild plant species in the tropics and subtropics
with semi-arid climates [1, 2]. M. phaseolina causes
damping off, charcoal rot, collar or crown rot, basal
stem and root rots, and leaf and stem blights.
Infection of the roots begins in the seedling
stage and if the post emergence mortality does not
occur and the host plant survives, the M. phaseolina
slowly moves to the above-ground parts of the plant
and it grows fast in the above-ground tissue both inter and intracellularly followed by host collapsing
and death in a short time, especially when the environmental conditions are favorable for the fungus
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0 = absence of symptoms, 1 = foliar chlorosis, 2 =
slight necrosis on crowns and/or slight foliar wilting,
3 = rot on crowns and/or severe foliar wilting, 4 =
whole plant dried out, dead plant . Statistical analysis
of the data on disease severity index was carried out
using SPSS software (version 13.0; SPSS Inc., Chicago, IL, USA). Analysis of variance was followed
E\ PHDQ VHSDUDWLRQ XVLQJ WKH 'XQFDQ¶V 0XOWLSOH
Range Test (P<0.05).
Growth rate of all M. phaseolina isolates obtained from sesame and peanut fields were measured
at 15, 20, 25, 30, 35 and 40°C. Mycelial culture disks
with 4 mm diameter taken from actively growing
edge of a 6-day old PDA culture of each isolates at
26°C were transferred to the center of 9 cm Petri
dishes with 10 ml of PDA. The inoculated plates
were incubated in the dark at 15, 20, 25, 30, 35 and
40°C. The colony diameter of each isolates was
measured every 24 h to a maximum of 4 days by taking two measurements at right angles for each temperature. The diameter of the culture disk was subtracted from the total colony diameter to calculate the
actual colony diameter. The experiments were conducted twice under the same conditions in a completely randomized design with three replications.
The genomic DNA of each isolate was extracted from the seven-day-old cultured mycelia. The
liquid nitrogen frozen mycelia were grounded to fine
powder using a sterile a mortar and pestle. Fifty mg
fine powder was transferred to a 1.5-mL Eppendorf
tube and mixed with 700 mL 2x hexadecyl trimethylammonium bromide (CTAB) extraction buffer
(50mM Tris-HCl, pH 8.0, 700mM NaCl, 10mM
EDTA, 10% CTAB). The samples were incubated at
65 °C for 25 min. After the incubation, an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1;
v:v:v) was added into the mixture and centrifuged
(Heraeus Biofuge centrifuge, Germany) at 13,000
rpm at 4°C for 15 min, and the supernatant was transferred to new tubes. An equal volume of isopropanol
added each sample and chilled to -20 °C for 10 min,
followed by another centrifugation step for 5 min at
15,000 g at 4 °C. The pellets were washed twice usLQJ  ȝ/ ZDVKLQJ VROXWLRQ  HWKDQRO  After
drying at room temperature for 30 min, the resultant
DNA pellet was dissolved in ȝ/;7( P0
Tris-HCl, 1 mM EDTA) buffer, pH 8.0.
The PCR was carried out in volumes of 25-μl
containing 80-100 Ng genomic DNA, 2.5 μl of reaction buffer (Fermentas), 1.5 Mm Mgcl2, 0.2 Mm
Dntp; 2-unit Taq polymerase (Fermentas) and 0.5
μm RAPD primers. The primers used were OPA-09,
OPA-10, OPA-11, OPB-06, OPB-07, OPB-08,
OPC-05, OPC-06, OPC-07, OPD-11, OPD-12, OPE01, OPE-02, OPV-10 and OPV-11. The PCR conditions used for M. Phaseolina were as follows: denaturation at 94 °C for 4 min followed by 40 cycles of
94 °c for 2 min, 36 °c for 1 min and 72 °C for 2 min,
with final extension at 72 °C for 10 min. Fifteen
RAPD primers (Genosys Biotechnologies, USA and

MATERIALS AND METHODS
Plant samples displaying typical symptoms and
signs of µFKDUFRDOURW¶infection were collected from
naturally infested commercial sesame and peanut
ILHOGV LQ $GDQD 0HUNH] &H\KDQ .DUDWDú .R]DQ
<XPXUWDOÕN DQG .DGLUOL  +DWD\ 0HUNH] (U]LQ
.ÕUÕNKDQ .XPOX DQG 5H\KDQOÕ  .DKUDPDQPDUDú
0HUNH] $IúLQ $QGÕUÕQ DQG 7UNR÷OX  0HUVLQ
(Merkez, Anamur, Silifke, Mut and Gülnar) and Osmaniye (Merkez and Kadirli). Adana, Mersin, Antakya, .DKUDPDQPDUDú and Osmaniye provinces had
the maximum monthly air temperature in July, August and September. The maximum monthly air temperatures vary between 20 and 34.7 °C in the locations.
Plants having symptoms were uprooted,
bagged and labeled separately. The plant samples
were brought to the laboratory, washed under running tap water to remove soil, and dried on sterile
paper towels. Infected tissues of roots and stems of
each plant (0.5 cm) were surface sterilized in 0.5%
NaOCl for 10 min, rinsed 3 times with sterile distilled water and blotted dry with a sterile paper towel.
Necrotic areas on the margins and along the affected
lower stem, root and crown tissues were excised and
plated on three petri dishes containing potato dextrose agar (PDA, Merck, Darmstadt, Germany). M.
phaseolina FRORQLHV¶LGHQWLILFDWLRQZDVEDVHGRQFRO
ony color and morphology and size of the microsclerotia [4]. Single sclerotium isolates were recovered
from all isolates and the plates were incubated at 26
°C under alternating light and dark periods (12 h
photoperiod) for 6 d.
All M. phaseolina isolates obtained (20 from
sesame, 20 from peanut) were employed for elucidating virulence on maize, watermelon, melon, peanut, and soybean. The isolates were cultured on PDA
in 9 cm diameter Petri dishes and incubated in dark
at 30°C ± 1°C for 7 days, and then the culture of each
isolate growing on PDA (8 mm disc) was transferred
to 500 mL bottles containing 100 g maize flour and
sand mixture. The culture tubes were labeled and
stored at 4 °C. The bottles were incubated at 32-34°C
in the dark for 6 days. The bottles were shacked two
times in a day in order to have a homogeneous fungal
inoculum culture. Sand-soil-peat (1:1:1 v:v:v) mixture was mixed with the ratio of 5% prepared inoculum. The seedlings of each plant species were transferred in the inoculated pods and kept in growth
room at 25 ± 2°C and 70 to 90% relative humidity
with a 12-h photoperiod of fluorescent light. Each
isolate had three replicates and each replicate included two plates with six seeds per plate. The experimental design was a randomized complete block
with three replications and the experiment was repeated twice. The disease index was scored after 21
day of the transplanting. Disease index was recorded
on a 0 to 4 rating scale applied for all tested plant
species, using the following severity assessment key:
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20 peanut isolates of M. phaseolina was significantly
varied among the tested crop species. In contrast to
sesame isolates, peanut isolates were highly virulent
on soybean and moderately virulent on watermelon
and melon, and less virulent on sesame and maize.
Sesame and peanut, largely grown in irrigated
areas, are the major cash crops of the eastern Mediterranean region in which 5 locations were selected.
The number of isolate varied between sesame and
peanut fields in each location as expected. The total
number of detected isolates in sesame fields was 7
for Adana, 7 for Hatay, 2 for .DKUDPDQPDUDú, 4 for
Mersin and 0 for Osmaniye. The highest sesame isolate number was detected in Adana and Hatay locations for 7 isolates in each. When peanut production
areas were considered, total number of detected isolates was 5 for Adana, 3 for Hatay, 3 for
.DKUDPDQPDUDú, 7 for Mersin and 2 for Osmaniye.
A total of 20 isolates were detected in sesame and 20
isolates in peanut fields and donated as S and P, respectively (Table 1).

Operon Technologies, USA) were used for the amplification of DNA, of which 7 gave clear and reproducible bands.
The presence (1) or absence (0) of a given
RAPD fragment was determined for each isolate and
the genetic diversity among isolates was calculated
using the similarity coefficient of Nei and Li [10].
An UPGMA dendrogram was generated using the
NTSYS package version 2.02 for windows based on
Jaccard¶s similarity coefficient [11].
RESULTS AND DISCUSSION
All tested sesame isolates were pathogenic and
capable of inducing typical charcoal rot symptoms
on maize, watermelon, melon, peanut and soybean.
The mean pathogenicity of 20 isolates from sesame
was significantly different (P<0.01) among the tested
crop species (Table 2). Sesame isolates were moderately virulent on maize and watermelon, but less virulent on peanut and soybean. The pathogenicity of

TABLE 1
Macrophomina phaseolina isolates used in this study with indication of geographic origin
and their colony sizes at different temperatures
Isolate
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20

Host
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Sesame
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut
Peanut

Location
Adana M.
Kozan
5H\KDQOÕ
Mersin M.
Ceyhan
<XPXUWDOÕN
5H\KDQOÕ
$QGÕUÕQ
Mersin M.
Anamur
Adana M.
Kozan
<XPXUWDOÕN
Hatay M.
Erzin
.ÕUÕNKDQ
Kumlu
5H\KDQOÕ
$IúLQ
Silifke
Ceyhan
$QGÕUÕQ
.DUDWDú
Kozan
5H\KDQOÕ
7UNR÷OX
Anamur
Anamur
Silifke
Silifke
Silifke
Osmaniye M.
Kadirli
Adana M.
<XPXUWDOÕN
Hatay M.
.ÕUÕNKDQ
.0DUDú0
Mut
Gülnar

Colony size in different temperatures (mm)
20
25
30
35
76
85
90
65
78
90
90
65
75
88
90
64
75
90
90
65
74
90
90
65
74
90
90
65
74
90
90
65
75
90
90
64
75
90
90
65
75
90
90
62
75
90
90
65
75
90
90
65
75
90
90
65
75
90
90
65
75
90
90
70
75
90
90
70
75
90
90
70
75
90
90
70
75
90
90
70
75
90
90
70
75
90
90
65
78
90
90
65
70
90
90
60
70
90
90
60
68
85
90
65
65
84
90
65
65
85
88
65
65
80
90
65
70
90
90
60
68
90
90
60
65
90
90
60
65
85
90
60
65
90
90
60
65
85
90
60
68
85
90
60
65
85
90
60
65
85
90
65
65
85
90
60
65
85
90
65
65
85
90
60

15
50
50
45
48
55
50
50
50
50
50
55
55
55
55
55
55
55
55
55
51
50
51
50
45
46
45
50
48
45
45
45
45
46
45
45
47
50
50
50
45
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40
34
35
30
30
35
34
35
30
30
35
35
35
35
30
30
30
30
35
35
30
30
35
35
30
30
30
35
32
32
31
30
30
31
35
30
30
30
30
35
30
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between 32.1 and 89.9 mm. The lowest and the highest mean colony size were obtained from 40 °C and
30 °C with 32.5 and 89.9 mm, respectively. The peanut and sesame isolates from all locations showed the
highest growth between 25 and 35°C but showed
slowest growth at 15, 20 and 40°C. It can be stated
that the most suitable temperature for the growth of
the tested isolates was between 25 and 35°C.
Genetic diversity was determined in 40 isolates
of peanut and sesame by using 20 RAPD primers of
OPA, OPB, OPC, OPD, OPE and OPV series. Cluster analysis revealed three distinct groups of isolates
that were collected from 21 locations covering five
provinces of eastern Mediterranean region. The generated dendrogram had three distinct clusters at
89.4% of distance (Figure 1). Cluster I comprised a
total of 10 isolates, 7 from sesame and 3 from peanut
from Hatay locations, except for P12 isolate of Osmaniye. Cluster II, with the highest degree of genetic
variation, had 17 isolates, 7 from sesame and 10 from
peanut in .DKUDPDQPDUDúDQG0HUVLQlocations, except for S5 isolates of Adana, and cluster III contains
13 isolates, 6 from sesame 7 from peanut in Adana
and Osmaniye, except for P16 isolate of Hatay. Comparing RAPD clustering, we observed a strong association between locations and the genetic distance of
isolates derived from the different locations (Figure
1).

TABLE 2
Charcoal rots severity on plants inoculated with
Macrophomina phaseolina isolates
from sesame and peanut.
Mean Disease Index
Plant species
Sesamea
Peanuta
Sesame
3.8 a
2.5 c
Maize
3.2 b
2.4 c
Watermelon
3.2 b
3.2 b
Melon
2.9 c
3.0 b
Peanut
2.6 d
3.7 a
2.3 d
3.7 a
Soybean
a
Mean disease indices (0-4 rating scale) caused by 20 isolates were analyzed together as a single group. Means followed by different letters are significantly different acFRUGLQJWR'XQFDQ¶V0XOWLSOH5DQJH7HVW P<0.05)

Colony size variation of isolates were lover at
30°C, compared with 15, 20, 25 35 and 40 °C (Table
1). The temperatures between 25 and 30°C were the
optimum temperatures for colony growth of M.
phaseolina. The data showed that under 25°C and
above 30°C had an inhibitory effect on growth of M.
phaseolina. A temperature of 25°C was optimal for
26 isolates, but 30 °C was optimal for 39 isolates
(97.5%). The mean diameter of the isolates grown at
15, 20, 25, 30, 35 and 40 °C was 49.5, 73.1, 88.9,
89.9, 64.7 and 32.1 mm, respectively. The mean colony size of sesame and peanut isolates varied

FIGURE 1
UPGMA clustering dendrogram constructed by the data obtained from RAPD assay of M. phaseolina
isolates. Locational clusters I to III.
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pathogenicity, ecology and colonization [5]. Among
these, temperature is a major factor affecting the
physiology, biochemistry and behavior of hosts and
parasites [6]. M. phaseolina has high temperature requirements compared with most of the plant pathogenic fungi. Temperature variations among the investigated locations may alter optimal infection conditions, KRVW VSHFL¿FLW\ and plant infection mechanisms of M. phaseolina. In the Eastern Mediterranean region, there is a tendency of temperature elevation in the future [22] that favors higher growth
rate, pathogenicity and colonization of M.
phaseolina.
The previous studies clearly demonstrated that
temperature was one of the most important climatic
factors effecting the M. phaseolina infection, colonization and development on host plants [3, 23]. Infection prevalence has been found to be highest in the
temperatures between 25 and 35 °C, but the severity
was reduced when temperature was over 35 °C [24].
Global warming is of great concern among the multitude of factors that increases distribution range,
pathogenicity, colonization and disease severity
[25]. Prolonged periods of optimal temperature for
development and colonization enhance pathogenicity of M. phaseolina. Long term climatic data of the
eastern Mediterranean areas indicates that higher incidence and more aggressiveness of M. phaseolina
can occur ZKHQWHPSHUDWXUHH[FHHGVÛ&LQ-XQH
July, August and September. The results of present
study showed that M. phaseolina isolates adapted to
the current conditions of Mediterranean type of environment may shift and expand their areas towards
relatively colder areas and become agent of charcoal
rot on several field and horticultural crops.

Genetic characterization of M. phaseolina is of
importance for a successful disease management in
the contaminated areas. In the current study, examination of a large sample of M. phaseolina isolates
from 40 locations in four provinces in the eastern
Mediterranean region of Turkey elucidated temperature response, host selectivity and genetic diversity.
Phenotypic variations are difficult to explain
since they can be greatly influenced by the environment. Therefore, use of molecular markers is more
reliable and accurate for pathogen diagnostics and
determining the genetic diversity [12, 13, 14] since
they are not under the influence of environment. The
RAPD analysis with 15 randomly chosen 10-base
random primers revealed considerable variation
among M. phaseolina isolates obtained from different geographical locations and hosts. The UPGMA
clustering could segregate 40 isolates in to three
groups and geographical location revealed significant correlation between isolate and location. The
close genetic similarities within each location can be
attributed to the evaluation of isolate from a common
ancestor and genetic variability, on the other hand
genetic similarities among the locations can be attributed to the distance isolation and the absence of
migration. Clustering of sesame and peanut isolates
into three locational clusters is a sign of adaptation
of isolates in a specific location. However, opposite
results were reported by some of the researcher that
there was not any possible correlation between DNA
polymorphisms and geographic location [15, 16].
We detected great genetic variation in M. phaseolina
populations. Similarly, great genetic variations in M.
phaseolina populations were detected in various
studies in different countries [17, 18]. In contrast to
our study, however, Turkish isolates obtained from
dry bean have been reported to have limited genetic
variation [19].
Growth, sporulation, reproduction and virulence differences between isolates of M. phaseolina
can be critical for determining disease incidence and
severity. In pure culture, M. phaseolina has the highest growth rate at temperatures between 25 to 35 °C
but can grow and reproduce at temperatures spanning 15 to 40 °C, allowing it to survive in lover and
higher temperatures. During the peanut and sesame
growth periods, Adana, Mersin and Antakya provinces have favorable temperature for pathogenicity
and colonization of M. phaseolina. However,
.DKUDPDQPDUDú and Osmaniye have less favorable
temperatures for pathogenicity and colonization of
this pathogen. Virulence is an important character of
an isolate, and wide virulence variations in M.
phaseolina isolates have been reported by many researchers [20, 21]. In all of the investigated locations, M. phaseolina has ability to grow, sporulate,
reproduce and infect the host plants with the varying
alterations among the locations.
Temperature along with humidity, pH and ultra
violet (UV) has also important impact on virulence,

CONCLUSION
Macrophomina phaseolina isolates from sesame and peanut were pathogenic on all tested plant
species. Even host specificity was not observed
among isolates, selective virulence was detected.
Sesame isolates were moderately virulent on maize
and watermelon, but less virulent on peanut and soybean whereas peanut isolates were highly virulent on
soybean and moderately virulent on watermelon and
melon, and less virulent on sesame and maize.
Growth rates of isolates were higher at the higher
temperatures. The optimum growth rates of the isolates were detected between 25 to 30°C. Above and
below temperatures reduced growth and infection of
the isolates. Environmental conditions in the eastern.
Three groups of similar isolates were detected
by cluster analysis. The tested isolates that were not
easily separable using temperature response or host
selectivity were classified according to their location
branching in dendrograms. The results showed no
clear evidence for genetic exchange among M.
phaseolina isolates from different locations.
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properties of sludge so conditioning process used to
increase dewatering performance of sludge is important for sludge minimization. Advanced oxidation processes have been widely used for treatment
of high strength wastewater such as pharmaceutical
wastewater [2] and piggery digestate wastewater [3].
Pre-treatment of sludge with advanced oxidation
processes have attracted growing interest for disintegration and conditioning of treatment plant’s sludge.
Advanced oxidation processes such as ozone oxidation [4] ultrasonic treatment [5, 6] Fenton process
[7], and its combinations [8] were investigated by
several researchers as sludge’s disintegration and/or
conditioning methods. Mechanism of the mentioned
methods is based on formation of hydroxyl radical.
Unfortunately, many of mentioned methods use
chemicals such as H2O2, O3 etc., these chemicals are
associated to potential hazard of storage and handling [9]. From this point of view, electro-oxidation
may be good alternative to other advanced oxidation
processes.
In electro-oxidation process, disintegration can
be achieved by a direct anodic oxidation or an indirect oxidation process. In direct anodic oxidation
process, organic matters are adsorbed on the anode
surface and then the anodic electron transfer reaction
destroyed these matters. The electrochemical reactions can regenerate the strong oxidant such as hypochlorite, hydrogen peroxide, ozone in indirect
anaodic oxidation [10]. The addition of supporting
electrolyte leads to generate some chemical oxidants
and can play an important role for improving oxidation. For example, NaCl electrolyte addition to the
process causes to formation of some active chlorine
species such as Cl·, Cl2·-, HOCl/ClO- at the onode surface. The addition of Na2SO4 electrolyte causes the
formation of SO4·- [11]. Electro-oxidation process
has been widely studied for the treatment of
wastewater containing non-biodegradable compounds and various anodes such as stainless steel, Pt,
Ti/Pt, Ti/RuO, Ti/IrO, Ti/PbO, Ti/SnO has been used
for oxidation purpose [12, 13].
According to literature survey, studies related
with electro-oxidation of sludge as a pre-treatment
process are very limited. Yuan et al. [14] were investigated the effect of electro-oxidation on filterability
characteristics of sludge. As a result of their study
used a pair of Ti/RuO2 mesh as both anode and

This study deals with pre-treatment of biological sludge by electro-oxidation process. Disintegration used before anaerobic digestion processes for
improving biodegradability of sludge, and conditioning used to increase mechanical dewatering performance of sludge were chosen as pre-treatment methods. The effect of electro-oxidation on polymer requirement of sludge in chemical conditioning processes was also evaluated. Titanium electrode coated
with Ruthenium dioxide (Ti/RuO2) and stainlesssteel electrode was used as anode and cathode, respectively in electro-oxidation experiments. Disintegration and conditioning performances of the
method were evaluated with disintegration degree
(DD) and percent decrease in capillary suction time
(ECST) parameter using response surface methodology (RSM). Optimum conditions were determined as
20 volt for 30 min for disintegration (DD=33.4%),
addition of supporting electrolyte (10 g/L Na2SO4)
provided to improve disintegration performance of
sludge (DD=40.8%), also. Biochemical methane potential (BMP) results indicated that electro- oxidation improves the biodegradability of sludge. An increase of 39.6% methane gas production in electrooxidized sludge was reached, comparing to the raw
sludge at the end of the 40 days of incubation. Optimum conditions were determined as 30 V and 20 min
for conditioning (ECST=32.1%) and 50% decrease in
polymer requirement of sludge with this application.
'% !
Anaerobic digestion, biological sludge, disintegration,
electro-oxidation, filterability
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Decrease of disposed sludge quantity and dispose of sludge as to cause minimum damage to the
environment are very important issues for sludge
management. Sludge disintegration processes were
emerged to eliminate hydrolysis stage of biological
stabilization processes in recent years [1]. Dewatering processes are still commonly used processes in
volume reduction and improvement of handling
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analyzed according to the procedures given in the
Standard Methods [17]. Sludge’s characteristics are
given in Table 1.

2-+:855>1,):154 Electro-oxidation was
achieved with a couple of electrodes connected to a
5A, 30V DC power supply. 1 L beaker contained 500
mL sludge sample was placed on Magnetic stirrer table to ensure the homogenization of sludge. Ti/RuO2
and Stainless-steel electrodes with the dimensions of
10mmX10mmX0.5mm were used as anode and cathode for electro-oxidation, respectively. Ti/RuO2
electrodes were obtained by coated of titanium plate
with a metal oxide of Ruthenium oxide according to
the procedure originated by Terezo and Pereira [18].
Schematic appearance of electro-oxidation process
used in laboratory experiments was shown in Figure
1.


cathode, 21 volt application during 12 minutes led to
18.8% decrease in capillary suction time (CST), so it
led to improve filterability of sludge. In the other
study, pre-treatment of sludge at 50 V and 5 minutes
with Ti/RuO2 was determined as optimum conditions in terms of sludge filterability (based on CST
measurement) and conditioner requirement in chemical conditioning was reduced 50% with this application [15]. Song et al. 2010 applied electro-oxidation with a pair of RuO2/Ti mesh plate electrode to
pre-treat waste activated sludge and found that 30
min of electro-oxidation time, 5 W of electrical
power are optimal conditions for sludge with a solids
concentration of 12.9 g/L. With this application,
2.75% and 7.87% decrease in volatile solids (VS)
and volatile suspended solids (VSS) of sludge, respectively. Soluble chemical oxygen demand
(SCOD) also increased due to electro-oxidation In
the same study, The effect of Na2SO4 addition on
sludge reduction performance of electro oxidized
sludge was investigated and removal efficiencies increased by 4.75% and 16.1% in terms of VS and
VSS, respectively in sludge had a solids concentration of 12.9 g/L with the addition of 0.16 mol
Na2SO4/L at 30 min electro-oxidation time and voltage of 12 V and pH of 6.7 [16].
The main purposes of this study were to investigate the effect of electro-oxidation process in terms
of both sludge disintegration and sludge filterability.
As results of experimental study, it has been found
that electro-oxidation process can be used as a disintegration method to improve the anaerobic degradability of biological sludge and it can be used for conditioning purpose to enhance filterability characteristics of biological sludge.


& "

!2;,/-The biological sludge was taken from
sludge collection basin of the secondary clarifier of
the domestic wastewater treatment plant in Denizli,
Turkey. The sludge used as inoculum in BMP test
was sampled from the anaerobic digestion unit of
Pakmaya Industry in Izmir, Turkey. The parameters
used for determination of sludge properties were


#  
!+0-3):1+)66-)8)4+-5.-2-+:855>1,):154685
+-99 (65=-89;662? (3)/4-:1+9:188-8
(-2-+:852?919+-22 (-2-+:85,-9 (*)89:188-8

>6-813-4:)2,-91/4A central composite design is the most commonly used response surface designed experiment. it has been used for process optimization. There are three basic stages in this methodology. Firstly, statistically designed experiments
are performed, and then the coefficients in a mathematical model are estimated, finally, the response is
predicted and checked the adequacy of the model
[19].
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Parameter
Biological Sludge
pH
7 ± 0.2
Electrical Conductivity, EC (μS / cm)
2540 ± 148
Dried Solids, DS (%)
2.2 ± 0.15
Volatile Solids, VS (%)
59.10 ± 4.8
Suspended Solids, SS (mg/L)
17700 ± 1640
Volatile Suspended Solids, SS (mg/L)
14690 ± 1690
Soluble Chemical Oxygen
1295 ± 96
Demand, SCOD (mg/L)
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Inoculum sludge
7.6 ± 0.3
1190 ± 112
7,4 ± 0.4
82.5 ± 1.9
69800 ± 3486
59250 ± 4265
1936 ± 106
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Run
1
2
3
4
5
6
7
8
9
10
11
12
13

X1 (voltage)
-k
+k
0
+1
0
0
-1
-1
0
0
0
0
+1

Coded variables
X2 (time, min)
0
0
0
+1
0
0
+1
-1
+k
0
0
-k
-1

A central composite design (CCD) of response
surface methodology (RSM) with the Design Expert
(Stat-Ease 7.0 version) software was used to determine the effect of applied voltage (X1) and time (X2),
on disintegration and filterability performance of
sludge. Disintegration and filterability performances
of sludge were evaluated with the response of disintegration degree (DD, %) and decrease in CST of
sludge (ECST, %), respectively. The response function is given below;

Experimental variables
Voltage
Time
1
30.5
30
30.5
15.5
30.5
25.75
51.36
15.5
30.5
15.5
30.5
5.25
51.36
5.25
9.64
15.5
60
15.5
30.5
15.5
30.5
15.5
1
25.75
9.64

macro nutrients were prepared according to the procedure given in Speece [21]. BMP tests were carried
out in a 150 mL serum bottle and working volume
was 60 mL. Basal medium/inoculum/sludge ratio
was BM/I/S=0.5/1/1 (v/v). Before incubation, all
bottles were purged with 75% N2 and 25% CO2 containing gas mixture for 3–4 min to obtain anaerobic
conditions. The rubber stoppers and screw caps were
used to avoid gas leakage from the bottles. Shaking
incubator with 20 rpm and mesophilic condition (37
± 2°C) were used in the test. Methane gas production
was measured daily by liquid displacement method
using 3% NaOH (w/v) containing distilled water
[22].

# #  #  #   #  #  (1)
Where is the predicted response function, #
and # are the linear coefficients, # is the cross
product coefficient and # and # are the model coefficients. The combined effects of variables were
evaluated by an analysis of variance (ANOVA). The
quality of the fit model as dominated by the coefficient of determination of 2 and its statistical significance was controlled by the -test in the same program. Thirteen experiments (Table 2) for a complete
set of the RSM design were carried out to compare
the actual and the model data. The low, middle and
high levels of each variable were designated as −%, 0
and +%, respectively.
In order see the effect of electrolyte addition on
disintegration and filterability performances of
sludge, different concentrations of Na2SO4 (1-30
g/L) were added to sludge samples, then sludges
were subjected to electro-oxidation at optimum conditions (20V, 30min for disintegration and 30V, 20
min for filterability).

15+0-31+)23-:0)4-65:-4:1)2)99)?
The effect of electro-oxidation on anaerobic digestibility of meat processing sludge was determined
BMP test [20]. BMP test was applied to both raw and
disintegrated samples (S) for comparison purpose.
The inoculum (I) was taken from the anaerobic digestion unit of Pakmaya Industry in Izmir, Turkey.
The stock basal medium (BM) containing micro and

4)2?:1+)2 685+-,;8-9 Disintegration degree
(DD) was used a response to evaluate disintegration
performance of electro-oxidation process. Calculation method was described by Muller [23]. DD equation was given below:
 $' "' !(
(2)
In Equation (2), COD0 and CODd are soluble
COD concentrations in the raw sludge and disintegrated sludge, respectively. CODNaOH is soluble
COD concentration in sludge after alkali disintegration (addition of 1mol/L NaOH at 90 ◦C for 10 min).
Sludge is centrifuged at 15 000 rpm and 4 ◦C for 20
min to obtain the soluble part of the sludge. Decrease
in capillary suction time (CST) was used as a response for evaluation of the effect of electro-oxidation on sludge filterability. CST parameter was analyzed with a Triton A-304M CST meter.
!#"!!#!!

6:131@):154 5. <52:)/- )4, :13- Table 3
shows the analysis of variance (ANOVA) of regression parameters of the predicted response surface
quadratic model tested for DD (%) and ECST (%). The
F-value was 39.71 and 17.93 for DD and ECST
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the confidence level (&-value 0.05) were also indicated that the models for DD and ECST were significant, also.
‘Adeq. precision’ measures the signal to noise
ratio and is desirable if the ratio is greater than 4 [25,
26]. Adeq. precision values were determined as
16.257 and 14.872 for DD and ECST models, respectively. These values showed the adequate signals and
the models can be used to navigate the design space.
Based on the above analysis results, it could be said
that predicted DD and ECSTvalues were closer to actual values. The predicted values of the DD and ECST
and actual results of DD and ECST are given in Table
4.
The highest level of sludge solubilization can
be determined by using disintegration degree parameter. Increase of DD is an indicator of the substance
that can be readily used to produce methane in the
anaerobic digestion [27]. So, increase in DD of
sludge is a good indicator of floc disintegration. Figure 2 shows the variations of DD with time at different voltage applications. The highest DD (%33.4)
was obtained at application of 20 volt for 30 minutes.
Higher voltage and time applications led to decrease
in disintegration degree. Decreasing DD may be explained by strong oxidation effects of radicals. High
voltage applications above 20 volt led to mineralization preceding solubilization of sludge. Similar observations were reported in other studies using oxidation processes for sludge disintegration purpose
[6, 28].

models, respectively. This indicated that the models
are statistically significant for DD and ECST. The
models for DD and ECST were significant also by the
F-test at the 5% confidence level (p-value <0.05).
The following fitted regression models (equations in terms of coded values for the regressors)
were used to quantitatively investigate the applied
voltage and time effects of electro-oxidation on the
disintegration performance of sludge:

         

           (3)

          

         (4)
R2 shows how well data points fit a model. Adjusted R2 also indicates how well data point a model,
but adjusts for the number of variables in a model
[24]. So, adjusted R2 is considered for model evaluation. Adjusted R2 values showed that 94.16% and
87.58% of the variability in the responses (DD and
ECST, respectively) could be explained by the model.
The R2 coefficient in this study ensured a satisfactory
adjustment of the quadratic model to the experimental data. Table 3 shows the analysis of variance
(ANOVA) of regression parameters of the predicted
response surface quadratic model tested for both DD
(%) and ECST (%). The F-value was found as 39.71
and 17.93 for DD and ECST models, respectively.
These values showed that the models are statistically
significant for DD and ECST. p-values obtained under


" 
$.588-96549-9;8.)+-7;),8):1+35,-2.58)4,!"
Source
Model
Residual
R2
Adj.R2
Adeq. precision

Run
1
2
3
4
5
6
7
8
9
10
11
12
13

Mean square
264.24
46.58
0.9659
0.9416
16.257

DD (%)
F-Value
39.71

p-value
<0.0001

Mean square
78.36
30.60
0.9276
0.8758
14.872

ECST (%)
F-Value
17.93

p-value
0.0007

" 
+:;)2)4,68-,1+:-,<)2;-9.58)4,!"
DD (%)
ECST (%)
Actual value
Predicted value
Actual value
Predicted value
5.5
4.2
18.2
20.8
24.6
21.3
31.4
32.2
32.6
32.7
23.4
23.4
19.4
22.8
24.5
22.7
32.8
32.7
23.4
23.4
32.8
32.7
23.4
23.4
9.8
11.8
22.8
19.8
5.0
6.11
13.4
11.8
23.4
20.5
12.4
15.1
32.8
32.7
23.2
23.4
32.6
32.7
23.4
23.4
15.6
14.0
10.4
11.1
16.8
19.3
25.4
25.0
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for sludge conditioning and subsequent times were
deteriorated the sludge dewaterability. Similar evaluations were also done in their study.

"0- -..-+: 5. -2-+:855>1,):154 54 652?3-8
8-7;18-3-4:5.92;,/-Chemical conditioning has
been generally used to increase of dewatering performance of sludge on mechanical dewatering units. In
chemical conditioning, conditioners aid the dewatering process by improving the filtration characteristics of sludge by increasing the degree of flocculation
of the sludge particles so that the absorbed water can
be more easily removed [31]. Optimum conditioner
dosage is the key parameter for chemical conditioning process. Cationic polymer taken from Denizli
Domestic Wastewater Treatment Plant in Denizli,
Turkey was used as conditioner agent. To determine
the effect of electro-oxidation on polymer requirement of sludge, both raw sludge and electro-oxidized
sludge (20 V, 30 min) were subjected to chemical
conditioning with using different dosages of cationic

CST is a quick test used for determination of
the filterability characteristic of sludge [29]. Since
the CST test neglects the shear stresses, it cannot provide information about the performance of sludge on
the mechanical dewatering processes [30]. Lower
CST values are indicator of better dewaterability
then percent decrease in CST (ECST) is considered as
a response for sludge filterability in this study. Figure 3 shows the variations of ECST with time at different voltage applications. 30 volt application for 20
minutes and 30 volt application for 30 min are closed
results for ECST and the values are 32.1% and 32.3%,
respectively. So, 30 volt for 20 minutes was chosen
optimum conditions for sludge filterability. Lower
ECST values were observed for the higher times. The
reason may be fine partical formation and/or release
of protein to the liquid phase of sludge due to cell
lysis with electro-oxidation. Yuan et al., [15] applied
the electro-oxidation process (with using Ti/RuO2
plate as both anode and cathode) to the activated
sludge and they noted that 30 minutes was efficient
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polymer. Classical jar test procedure was carried out
for chemical conditioning of sludges. Then CST
analyses were done for each polymer application.
Figure 4 shows the variations of CST values depending on the polymer dosage. Polymer addition
improved the filterability of both raw sludge and
electro-oxidized sludge. 2 mg/kg polymer addition
decreased CST value to 20.4 s from 389.3 s for electro-oxidized sludge. Similar CST value of 20.1 s was
achieved at 3 mg/kg polymer addition. Results
showed that polymer requirements are decreased
with using electro-oxidation process.

addition to the medium causes to the formation of
persulfate (S2O82-) or hypochlorite (ClO-) ions, respectively [9, 13]. In this study, different concentrations of Na2SO4 were added to sludge before electrooxidation process to see its effect on the disintegration efficiency. Figure 5 indicates DD values measured in electro-oxidized sludge (20 volt, 30 min) and
electro-oxidized sludge with the addition of Na2SO4.
Increase in electrolyte concentration resulted in a
greater disintegration degree of sludge. When 20 volt
for 30 minutes electro-oxidation was applied to the
untreated sludge alone 33.4% of DD was obtained,
but it was achieved to highest level of %50.2 when
the same electro-oxidation conditions was applied to
the electrolyte to the sludge added 15 g/L Na2SO4.
The results clearly show that electrolyte addition to
the sludge before electro-oxidation played an important role in improving disintegration efficiency.

"0--..-+:5.-2-+:852?:-),,1:15454,1914:-
/8):154 6-8.583)4+- 5. -2-+:855>1,1@-, 92;,/-
The use of supporting electrolyte leads to increase
oxidation effect of the process. Na2SO4, or NaCl can
be used as supporting electrolyte. Na2SO4, or NaCl
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85:-14:5:)241:85/-4)4,:5:)260596058;9)4)2?9-98-9;2:9
Sludge
Protein (mg/L)
Total nitrogen* (mg/L)
Total phosphorus* (mg/L)
Raw sludge
520.6
44.2
18,6
20V, 30min, 10 g/L Na2SO4
296.8
204.4
68,8
*Sludge’s supernatant analyses results

# 
-9;2:95.99)?9

Table 5 shows the changes of protein of sludge
and total nitrogen and total phosphorus of sludge’s
supernatant. The first stage of disintegration is cell
lysis. In this stage, protein content releases into the
liquid phase of sludge. In the second stage, disintegration enhances the degradation of EPS and the protein content of the sludge decreases. So, 75.4% decrease in protein content in pre-treated sludge with
comparing to the raw sludge is another indicator of
sludge disintegration. Similarly, İncrease in total nitrogen and total phosphorus content in sludge’s supernatant showed that release of cell lysis to the liquid phase of sludge.



shows the results of BMP assays. Cumulative methane volume was obtained as VCH4=60.50 mL for
control serum. The values were monitored as 134.20
mL and 187.40 mL for raw sludge and electro-oxidized sludge, respectively. BMP assay results indicate that electro-oxidation could provide 39.6% improvement in the methane production. In our previous studies, Fenton process [32], ozone oxidation
[33] and ultrasonic pre-treatment [5] applied to biological sludge and gave 25.2%, 51.1%, and 57.9%
higher methane production comparing to the raw
sludge in BMP assays. These results showed that,
electro-oxidation is a good alternative to other advanced oxidation processes in terms of enhancing
sludge bioprocessing.

4)-85*1+ *15,-/8),)*121:? 5. -2-+:855>1
,1@-,92;,/-The effect of electro-oxidation on anaerobic biodegradability was evaluated by BMP test
in which cumulative methane production was monitored. Control serum bottle with inoculum and basal
medium was run in parallel to determine the background methane production. BMP assay was applied
to both raw sludge and electro-oxidized sludge for
comparison purposes. Cumulative methane production in serum bottles was monitored until the gas production ceased. Methane productions almost ceased
after 40 days for all experimental conditions. Electrolyte addition before electro-oxidation application
increased disintegration efficiency and the highest
DD was obtained at 15 g Na2SO4 as mentioned previous section. But, the range of 4-6 g Na+/L (10.916.3 g Na2SO4/L) was given as toxic level for anaerobic digestion processes in the literature [20]. To
prevent the toxic effect of Na+, 10 g Na2SO4/L was
added to the sludge before electro-oxidation process
and this dosage was used in BMP assays. Figure 6


#!
This investigation deals with pre-treatment of
biological sludge by electro-oxidation for both disintegration and conditioning purpose. 20 volt for 30
min application gave the highest DD of 33.4%, the
addition of supporting electrolyte (10 g/L Na2SO4)
provided to improve disintegration performance of
sludge (DD=40.8%), also. BMP results showed that
electro-oxidized sludge leads to 33.4% higher methane production comparing to the raw sludge. Significant improvement on sludge filterability was obtained with electro-oxidation. The optimum conditions were determined as 30 V and 20 min. 32.1%
decrease in CST and 50% decrease in polymer requirement of sludge were achieved with this application.
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storage pit irrigation (WSPI) is a new method that is
suitable for orchard irrigation in gully areas in
northern China [1]. In the WSPI method, water flows
into small storage pits (depth of 60±80 cm) which are
dug under a tree canopy allowing the water to
infiltrate into rhizospheric soil through pit walls.
This method was defined by Sun [1] as middle-depth
stereoscopic irrigation when compared with
traditional surface irrigation. When compare with
surface irrigation, the use of WSPI change the nature
of the soil infiltration interface, and the water from
WSPI directly infiltrate into the root zone of soil
through the water storage pit wall. This results in
higher soil water content at a medium depth in the
soil profile and a lower water content in the surface
layer, reducing evaporative losses, increasing water
use efficiency and promoting the deep root growth
[2].
Realizing the full potential of WSPI requires
optimizing the layout parameters of water storage
pits, such as pit depth, spacing and diameter. These
parameters depend on the distribution of soil water
in the WSPI system. With the development of
computerized and numerical calculation methods,
more and more researchers use numerical methods
to solve the problems involved in modeling soil
water movement [3-10]. A number of soil water flux
models have been established [11-15]. Among these
models, HYDRUS [15] is a software package used
for simulating water, heat, and solute movement in
two- and three-dimensional variably saturated
media. HYDRUS has been widely used in modeling
water movement during drip irrigation [16-18],
negative pressure irrigation [19], bubbled root
irrigation [20], film hole furrow irrigation [21] and
so on. However, HYDRUS can't directly deal with
the complex three-dimensional infiltration boundary
of water storage pit walls under WSPI. A specific
surface boundary condition needs to be developed
for the WSPI irrigation method. This problem arises
because the water depth in a pit decreases gradually
over time and the change process of water depth in
the pit is unknown prior to the start of irrigation.
Thus a new soil water movement modeling method
should be established in WSPI to automatically
calculate the change of water depth in a pit.
The main objectives of the present study were

ABSTRACT
:DWHUVWRUDJHSLWLUULJDWLRQ :63, SURYLGHVD
QHZPHWKRGWKDWLVVXLWDEOHIRURUFKDUGLUULJDWLRQLQ
JXOO\ DUHDV LQ QRUWKHUQ &KLQD 8VLQJ :36, FDQ
UHGXFH WKH HYDSRUDWLYH ORVV DQG LQFUHDVH ZDWHU XVH
HIILFLHQF\ 5HDOL]LQJ WKH IXOO SRWHQWLDO RI :63,
UHTXLUHV RSWLPL]LQJ WKH OD\RXW SDUDPHWHUV RI ZDWHU
VWRUDJHSLWVVXFKDVSLWGHSWKVSDFLQJDQGGLDPHWHU
7KHVHSDUDPHWHUVGHSHQGRQWKHGLVWULEXWLRQRIVRLO
ZDWHU GXULQJ :63, 7KH SUHVHQW VWXG\ LQYROYHG
GHYHORSPHQW RI D WKUHHGLPHQVLRQDO ZDWHU
PRYHPHQWPRGHO :63,PRGHO EDVHGRQWKHWKHRU\
RIVRLOZDWHUG\QDPLFVDQGWKHFKDUDFWHULVWLFVRIVRLO
PRLVWXUH PRYHPHQW GXULQJ :63, 7KH ILQLWH
HOHPHQWPHWKRGZDVXVHGWRGULYHWKH PRGHOLQJ$
PDWKHPDWLFDOPRGHOZDVDOVRHVWDEOLVKHGWRFRQILUP
WKHSURFHVVRIFKDQJLQJZDWHUGHSWKLQHDFKSLWEDVHG
RQ WKH SULQFLSOH RI FRQVHUYDWLRQ RI PDVV 7KH
VLPXODWHGVRLOZDWHUFRQWHQWDQGZDWHUGHSWKLQWKH
SLWZHUHFRPSDUHGZLWKWKHPHDVXUHGYDOXHIRUWZR
LUULJDWLRQDPRXQWWULDOV /DQG/SHUSLW 7KH
URRWPHDQVTXDUHHUURU 506( PHDQDEVROXWHHUURU
0$( DQGPHDQDEVROXWHSHUFHQWDJHHUURU 0$3( 
RIZDWHUGHSWKLQSLWVIRUWKH:63,PRGHOZHUHOHVV
WKDQFPFPDQGUHVSHFWLYHO\7KH
506(0$(DQG0$3(RIVRLOZDWHUFRQWHQWIRUWKH
:63,PRGHO ZDV OHVV WKDQ  FPFP 
FPFP DQG  UHVSHFWLYHO\ 7KHVH ILQGLQJV
LQGLFDWHG WKDW DSSURSULDWH VRLO ZDWHU FRQWHQW DQG
ZDWHUGHSWKLQWKHSLWFDQEHVXFFHVVIXOO\HVWLPDWHG
E\XVLQJWKH:63,PRGHO

KEYWORDS:
Water storage pit irrigation, numerical simulation,
orchard, soil water content, finite element, threedimensional distribution

INTRODUCTION
Apple trees serve as one of the most popular
cultivated fruit trees in northern China. However,
very serious water shortages and drought frequently
occur in the region, which directly influence the
yield and quality of apples in orchards. Water
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pits are a fixed project, but they are easy to collapse
at irrigation or rainfall, so they are necessary to set
up facilities for protecting the storage pit walls. In
this study, they are woven into a cylindrical frame
with bamboo strips, and then wrapped in 10 mesh
plastic net outside the frame. Its specifications
should be matched with the specifications of the
storage pit. During irrigation, water is transported
and poured into the storage pits through pipelines (or
flows by gravity in ditches along the ridges of a
field), and then the water infiltrates into the
rhizospheric soil along the pit wall.
Experiments were carried out on April 5±8,
2012. The field experiment was divided into two
treatments with different irrigation amounts (80 L
and 120 L per pit); each treatment was repeated three
times. The irrigation process for each experiment
was as follows. First, as each pit filled with water,
the start time and water depth of the pit were
recorded. Then, the water depth in each pit was
recorded at regular intervals. When the water in the
pit was over, it was refilled. Record the depth of the
water in the pit and the time were continued, and the
above steps were repeated until the designed
irrigation amount had been infiltrated. Soil
volumetric water content was measured at 1 day
before irrigation as well as at 1 and at 3 days after
irrigation using a TRIME-PICO-IPH TDR portable
soil moisture monitoring system (IMKO, Ettlingen,
Germany). Moisture content was measured at a total
of 18 points with 20 cm vertical measuring intervals
and a measuring depth of 200 cm (Fig. 2). The
gravimetric sampling technique and steel rings were
used to calibrate the TRIME-PICO-IPH TDR
display unit. The orchard soil evaporation under
water storage pit irrigation included fluxes from the
wall and surface layers, which were measured using
micro-lysimeters [22]. Two micro-lysimeters with
internal diameters of 7 cm and lengths of 20 cm were
installed, one in each pit wall and the other on the
surface (Fig.3). The micro-lysimeter was weighed
every day to estimate soil evaporation from the pit
wall and surface soil. At 7 am every day, the microlysimeter was weighed using an electronic scale. The
weight difference between two adjacent days is the
amount of soil evaporation on that day.

(1) to develop a model for three-dimensional water
movement under WSPI (WSPI-model), and then to
develop a calculation model of water depth in a pit;
(2) to compare model simulations of water content
with field data, and to assess to the calculation
accuracy of the WSPI model.

MATERIALS AND METHODS
Experimental site. The experiment was
carried out in Beiwang Village, Taigu County,
Jinzhong City, Shanxi Province, China (37.23°N,
112.29°E). This semi-arid climate of this site
features a mean annual air temperature of
approximately 9.8 °C. The average temperatures in
-DQXDU\DQG-XO\DUHíDQG&UHVSHFWLYHO\ZLWK
a mean annual rainfall of 462.9 mm. The frost period
ranges from early October to mid-April, and the frost
free season lasts 175 days. The soil texture is mainly
silt loam. Piped groundwater is used for irrigation.
Red Fuji apple trees at the study site were ten years
old with row spacing of 5 m and plant spacing of 3
m. The entire planting area covered 6800 m2 (17 m
× 400 m).

FIGURE 1
Schematic of a water storage pit irrigation
around an individual tree
Experimental design and measurements.
The field engineering of WSPI is typically composed
of storage pits, facilities for constructing the storage
pit walls, circular furrows, and the pipeline (or field
ridge; Figure 1). In the present study, six storage pits
were located under tree canopies along 1/2 of the
radius of each tree canopy. The annular furrow is a
shallow furrow 20 cm deep and 30 cm wide. The
storage pit is arranged in the annular furrow, 30 cm
in diameter and 60 cm deep in this study. In order to
effectively promote soil water fluxes in the
horizontal direction and decrease leakage in the
vertical direction, the bottom of a water storage pit is
designed to be impervious by placing an impervious
plastic plate at the bottom of the pit. Water storage




  !



 






















 


FIGURE 2
Layout of soil 18 measuring points for soil
moisture content showing the arrangement and
distances between sampling points.
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TABLE 1
Soil hydraulic parameters
Depth/
cm
0-40
40-80
80-120
120-175
175-200

Ks /
cm/min
0.0315
0.0207
0.0199
0.0202
0.0213

șr, cm3/cm3
0.042
0.052
0.041
0.049
0.047

n

0.024
0.008
0.016
0.017
0.015

1.407
1.519
1.452
1.639
1.678

Ts  Tr

n
°Tr 
[1  D h ]m
T ( h) ®
°T
¯ s

RESULTS
Determination of simulation sections. In the
WSPI method, water flowing in a pit infiltrates into
the soil through the pit walls. Therefore, the
infiltration in the water storage pit is an axial
symmetrical infiltration with the pit as the center
(Fig. 4(a)). At the same time, considering the
symmetry of the storage pit layout, the ADL domain
was selected as the simulation section, using the
physical model as shown in Fig. 4(b).

K ( h)

 K s Sel [1  Se1/ m ]2
®
¯Ks

h0

(2)
ht0

h0
ht0

(3)

where Se (T  T r ) / (T s  T r ) , m 1  1/ n , and șs is the
saturated water content (cm3/cm3); șr is the residual
water content (cm3/cm3); l is the tortuosity
parameter, generally taken as 0.5; Ks is saturated
K\GUDXOLF FRQGXFWLYLW\ FPPLQ  DQG Q Į DUH WKH
empirically fitted parameters. The hydraulic
parameters șs, șr, Ks, Į and n were obtained from
previous studies [2]. The soil hydraulic parameters
are listed in Table 1.

Governing equation. Because the fruit trees
did not germinate during the experiment, root water
uptake was not considered, while water infiltration
and redistribution were only considered. Assuming a
homogeneous and isotropic soil in each soil layer,
the governing equation for water flow was the 3D
Richards equation, Eq. (1):

Initial conditions. Eq. (4) shows the initial
conditions:
h( x, y, z, t ) h0 ( x, y, z ) , t 0
(4)

w
wh w
wh w
wh wK (h)
[ K ( h ) ]  [ K ( h ) ]  [ K ( h) ] 
wx
wx wy
wy wz
wz
wz

where h0 ( x, y, z ) is the initial pressure head (cm).

(1)
where ș is the volumetric water content (cm /cm ); h
is the soil water pressure head (cm); t is the time
(min); x and y are the horizontal space coordinates
(cm); z is the vertical space coordinate (cm); and
K(h) is the unsaturated hydraulic conductivity
(cm/min). The soil hydraulic properties were
modeled using van Genuchten-Mualem constitutive
relationships [23]:
3

Į

FIGURE 4
The simulation domain of water storage pit
irrigation. (a) layout of irrigation (also see Fig. 1)
and (b) three dimensional layout of irrigation.

FIGURE 3
Layout of micro-lysimeter under the WSPI

wT
wt

șs,
cm3/cm3
0.462
0.362
0.419
0.468
0.382

3

Boundary conditions. (1) Surface boundaries
(shown as planes AQJ, MEDL and PIRFN in Fig. 4).
During rainfall, when the rainfall intensity was
less than the infiltration intensity, the boundary was
the flux boundary; however, when rainfall intensity
exceeded the infiltration intensity, the upper
boundary was transformed into the pressure
boundary by the flux boundary:
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( K ( h )

wh
 K (h))
wz

h( x, y, z ) hs 0

P

t ! 0,

t ! 0, z zu

Pi

wh
=0
wz

(5)

P !i

wh
 K (h))
wz

es

t ! 0,

 K ( h)

t ! 0, z zu

wh
wh
nx  ny ) es , t ! 0,( x, y, z )  *1
wx
y

0

t !0

wh
wh
nx  n y ) 0 , t ! 0,( x, y, z )  *3
wx
y
*
where 3 is the boundary ABKL.

(15)

(16)

(8) Boundary CDLKL (as shown in Fig. 4).
Due to the large computational domain, the boundary CDLK is specified as:
h( x, y, z ) h0
t ! 0, ( x, y, z ) * 4
(17)

h( x, y, zu ) ! hd

where * 4 is the boundary CDLKL (Fig. 4).

h( x, y, zu ) d hd

h( x, y, z ) ! hd

wh
wx

 K (h)(

(8)
where es is the surface evaporation intensity
(cm/min); and hd is the pressure head in surface
drying (cm).
(2) Annular furrow sidewall boundaries (planes
EFNM, QJIP in Fig. 4). The annular furrow sidewall
boundary represents the evaporation border (flux
boundary) at the beginning of evaporation, and this
boundary is transformed into the pressure boundary
by the flux boundary as soil dries, namely:
 K (h)(

(14)

(7) Boundary ABKL is also a symmetrical
boundary condition, and can be specified as:

(7)

h( x, y, z ) hd

0

(6) Boundary ABCD is a symmetrical boundary condition, and can be specified as:

(6)
where P is the net rainfall intensity (cm/min); i is the
infiltration intensity (cm/min); zu is the surface
boundary z coordinates (cm); and hs0 is the surface
water depth (cm).
At the end of a rainfall event, evaporation
begins without additional rainfall input. At the
beginning evaporation without new rainfall, the
upper boundary is the flux boundary; however, the
upper boundary is transformed into the pressure
boundary by the flux boundary in surface drying:
( K ( h )

t ! 0, z

Numerical solution methods. Two kinds of
numerical methods are available for solving the
Richards equation, namely, the finite element and
finite difference methods. Because the finite element
method is very easy to deal using complex boundary
conditions, this paper uses the Galerkin finite
element method for solving the 3D Richards
equation.

(9)

h( x, y, z ) hd
t ! 0, z zu ( x, y, z ) *1 h( x, y, z ) d hd (10)
where *1 is the annular groove sidewall boundary
(EFNM, QJIP); and nx , ny are the components of the
outward unit vector normal to boundary *1 .
(3) Water storage pit wall boundary (IRFGOH
as shown in Fig. 4). During irrigation the boundary
condition was specified as:
h( x, y, z ) hi
t ! 0, ( x, y, z ) * 2
(11)

where * 2 is the water storage pit wall boundary; hi
is the pressure head of each point of the pit wall (cm),
and its value is the distance from the point to the
water storage pit surface.
After the pit water infiltration, the boundary
condition is specified as:
 K (h)(

wh
wh
nx  n y ) es , t ! 0,( x, y, z ) * 2
wx
y

(12)

FIGURE 5
Sketch map of mesh generation

(4) Water storage pit bottom boundary (HOG
in Fig. 4). The boundary condition is an impermeable boundary, namely:
wh
( K ( h )
 K (h))
wz

0

t !0

The flow region was divided into a network of
tetrahedral elements (Fig. 5). The Eq. (1) is solved
by the finite element method with the Galerkin
weighted residual method [14-15]:
w{T }
[ A]{h}  [G]
{Q}  {B}
(18)
wt

(13)

(5) The lower boundary (BCK). Due to the
large depth of calculation and the deep groundwater
level, the boundary condition was the free drainage
boundary condition;

where:
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(25)

l

Solution of water depth change in a pit. In
the process of WSPI, the water depth in a pit
decreased over time and the boundary condition of
the pit wall changed with the increase of irrigation
time. Therefore, the accurate process of calculating
the water depth in the pit is the key step one.
According to the principle of mass conservation, in
the process of WSPI, the amount of water to be
adsorbed from a water storage pit should be equal to
the amount of water flowing into the soil through the
pit wall:
Vol  Volt

³

t

0

¦ Qn' dt

nm

n

m 1

N
T mj 1  T mj
 ¦ Anmj 1hmj 1  Bnj 1 dt
't
(29)
m 1
S r0
0

0

0

0

0

Model accuracy evaluation index. All data
were processed in Microsoft Excel 2013. The
software IBM SPSS Statistics 19 was used for
statistical analysis, and the figures were plotted with
Origin 9.1 software. A correlation analysis was
performed with 3HDUVRQ¶V PHWKRG 1RQ-linear and
linear fitting was conducted with MATLAB 2016
and Origin 9.1, respectively. In order to evaluate the
accuracy of model calculation, the statistical indices
used in the analysis were root mean square error
(RMSE), absolute error (AE), and absolute
percentage error (APE). The RMSE, AE and APE
were estimated as:

k0
0

N

¦ ¦F

The change of the water depth in a pit can be
obtained by the Eq. (29). When the boundary point
in the pit was below the water level, the points were
the Dirichlet boundary. When the boundary point
was above the water level, the points were the
Neumann boundary.

(24)
where i, j, k, m is the node number of the tetrahedral
element e; Ve is the volume of element e; and K is
the average hydraulic conductivity over element e.
Le is the area of flux boundaries in tetrahedral
elements (cm2); q is the flux on the flux boundary of
the tetrahedral element (cm3/min); Eq. (23) is
meaningful only to the flux boundary; the internal
node and the Dirichlet boundary node are both 0, and
the boundary of the tetrahedron element is jkm,
which is the area of the interface jkm.
For the time term in Eq. (18), an implicit
backward difference scheme is used [25]:
§ >G @>C @k0
·
k
k 1
j0 1
¨
 > A@ j0 1 ¸ ^h` j0 1
0
0
¨ 't j0
¸
©
¹

t

Ht

1 xi

(20)

and Qn' denotes the pit wall boundary flux controlled
by the node n below the water level in the water storage pit (cm3/min).
After solving for all pressure heads, the value
of the flux Qn can be calculated explicitly and accurately from the original finite element equation associated with node n [25]:
N
T j0 1  T mj0 N j0 1 j0 1
 ¦ Anm hm  Bnj0 1 ) (27)
Qn' (¦ Gnm m
't
m 1
m 1
where N is the total number of nodes in the calculated area.
VOLt can be calculated by Eq. (28):
Volt S r0 H t
(28)
where Ht is the pit depth at the moment t (cm).
Substituting Eqs. (27) and (28) into Eq. (26):

(23)

zm

1 xj

1 xj
di

bibm  ci cm  d i d m º
»
b j bm  c j cm  d j d m »
bk bm  ck cm  d k d m »
»
bm2  cm2  d m2 »¼

¦

RMSE

i 1

AE
APE

(TiC  Ti ) 2
l

TiC  Ti
T  Ti
u 100%
Ti
C
i

(30)
(31)
(32)

where l is the total number of data points; TiC is
the ith simulated water content, T i is the ith
measured water content.
Calculation process. The simulation program
of the WSPI model is programmed by Visual
Basic2015.net, and the program flow chart is shown
in Figure 6.

(26)

n

where VOL is a single pit irrigation amount (cm3);
VOL t is the amount of water in the pit at time t (cm3);
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Depth of water in pit (cm) Depth of water in pit (cm)

respectively, and the mean percentage absolute
errors are 6.67% and 7.31%, respectively. The mean
square root error of 80L and 120L through
calculation is 1.71 and 1.60, respectively. These
results indicate that water depth estimated by the
WSPI-model were very accurate and could be used
to predict the variation of water depth in pit.
(a)80L

60

observation
simulation
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0
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Time (min)
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(b)120L
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0
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FIGURE 7
Comparisons of measured and simulated
variation of water depth in pits over time (a)
with 80 L of water; (b) with 120 L of water.
(a) 80L

60

50

Observed value (cm)

RESULTS AND DISCUSSION
Comparisons of measured and simulated
variation of water depth in pits. Fig. 7 shows the
measured and simulated variation of water depth in
pits for two irrigation amount trials. Fig.7 shows that
the simulated variation of water depth in pit is
consistent with the actual irrigation process. As
shown in Figure 7, the irrigation amount of 80 L
needs to be poured into the pit twice and the
irrigation amount of 120L needs to be poured into
the pit three times. Fig.8 shows the linear relation
between the measured and predicted values of water
depth in the pits. The slope of the linear equation of
the WSPI model of 80L and 120L was 0.9421 and
0.9977, respectively, and the correlation coefficient
(R) reached 0.9951 and 0.9907, respectively. This
result indicates that the measured and predicted
values are in good agreement. The absolute error
(AE) and relative error (RE) of the simulated value
and measured value of water depth in the pit are
shown in Fig.9. Fig.9 (a) shows that the absolute
error of 80L and 120L is between 0.03-3.74cm and
0.14-3.90cm respectively, and the mean absolute
errors are 1.31 cm and 1.28 cm, respectively. Fig.9
(b) shows that the absolute percentage error of 80L
and 120L is between 0.08-14.54% and 1.15-16.24%

Observed value (cm)

50

FIGURE 6
Simplified flow diagram for the WSPI model

(b) 120L
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FIGURE 8
Linear relationship between measured and
forecasted values of water depth in the pits
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FIGURE 9
The error between the observed value and
calculated value of water depth in the pits (a)
absolute error; (b) absolute percentage error.
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FIGURE 10
Comparisons of 18 measured and simulated soil water content profiles for an irrigation amount of 80 L at
days 1 and 3 after irrigation
soil in the field, the assumptions in the model that the
soil layers are isotropic can not be completely
satisfied; (2) There is a certain error in the test
process of soil hydraulic parameters. Fig.12 shows
the linear relation between the measured and
predicted values of soil water content under the
WSPI model. The slope of the linear equation of the
WSPI model of 80L1d, 80L3d, 120L1d and 120L3d
was 0.9605, 1.0063, 1.0465 and 0.9853 respectively,
and the correlation coefficient (R) reached 0.9191,
0.8664, 0.9425 and 0.8831, respectively. This result

Comparisons of measured and simulated
vertical soil water content profiles. Figs. 10±11
show the comparison of measured and simulated soil
water content at 18 profiles as estimated by the
WSPI-model for two irrigation amount trials after
irrigation day 1 and day 3. While some disagreement
exists between the measured and simulated soil
water content, overall the calculated value of soil
moisture content is in good agreement with the
measured value. The reasons for the error are as
follows: (1) Because of the spatial variability of the
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indicates that the measured and simulated value of
soil water content showed good consistency. The
absolute error (AE) and relative error (RE) of the
measured and simulated soil water content are
shown in Fig.13. Fig.13 (a) shows that the absolute
error of 80L1d, 80L3d, 120L1d and 120L3d is
between 0-0.045 cm3/cm3, 0-0.042 cm3/cm3, 0-0.044
cm3/cm3 and 0-0.043 cm3/cm3 respectively, and the
mean absolute errors are 0.015 cm3/cm3, 0.017
cm3/cm3, 0.018 cm3/cm3 and 0.017 cm3/cm3,
respectively. Fig.13 (b) shows that the absolute

percentage error is between 0.05-19.47%, 0.0318.67%,
0.01-17.64%
and
0.15-16.02%
respectively, and the mean percentage absolute
errors are 5.99 %, 6.53%, 6.64% and 6.33%,
respectively. The mean square root error through
calculation is 0.019 cm3/cm3, 0.02 cm3/cm3, 0.021
cm3/cm3 and 0.019 cm3/cm3, respectively.
Therefore, it is concluded that the WSPI-model has
high simulation accuracy and can be used to simulate
soil water movement in a WSPI system.
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FIGURE 11
Comparisons of 18 measured and simulated soil water content profiles for an irrigation amount 120 L at
days 1 and 3 after irrigation
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FIGURE 12
Linear relationship between measured and forecasted values of soil water content
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FIGURE 13
The error between the observed value and calculated value of soil water content (a) absolute error;
(b) absolute percentage error.

Three dimensional distribution of soil
moisture content simulated by a WSPI-model.
Fig. 14 shows the three dimensional distribution of
soil moisture content 1 and 3 days after irrigation
with both 80 L and 120 L of irrigation water. Figure
14(a) shows the three dimensional distribution of
soil moisture content after 1 day of irrigation for an
irrigation amount of 80 L. It indicated that the
distribution of soil water content in the WSPI system
is the center of the pit bottom and has the ellipsoidal
distribution. This occurs because water directly
infiltrates into rhizospheric soil through the pit walls.
Figure 14(b) shows the three dimensional
redistribution of soil moisture content after 3 days of

irrigation for an irrigation amount of 80 L. It
indicated that the distribution of soil moisture
content in the WSPI system was more uniform after
day 3 than after day 1. Figure 14(c) and (d) shows
the three dimensional distribution of soil water
content at 1 day and 3 days for an irrigation amount
of 120 L, and their distribution characteristics were
similar to that of an irrigation amount of 80 L.
However, the soil wetting area and soil moisture
content were the greater with the greater amount of
irrigation. Thus, the WSPI-model can be used to
simulate the distribution of soil water in an orchard
irrigated using a WSPI system.
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(a)

(b)

(c)

(d)
FIGURE 14
The three dimensional distribution of soil moisture content after irrigation by as estimated by the water
storage pit irrigation model. The three dimensional distribution of soil moisture content (a) 1 day after
irrigation with 80 L of irrigation water, (b) 3 days after irrigation with 80 L of irrigation water, (c) 1 day
after irrigation with 120 L of irrigation water, (d) 3 days after irrigation with 120 L of irrigation water.

CONCLUSION
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In developing countries, small farmers are dependent mostly on agriculture. In order to ensure rural development and rural poverty reduction as well
as support sustainable agriculture, the marketing
problem must be solved [1]. The farmers in undeveloped countries are mostly small-scale, and, at the
same time, they make up 50 % of the group that is
undernourished in the world [2, 3]. Development of
the standard of living is very important for reducing
poverty, ensuring food security, and sustaining agriculture [4]. Therefore, one of the ways to reduce
poverty, ensure food security, and sustain agriculture
is to expand the agribusiness of medicinal and aromatic plants (MAPs).
Medicinal and aromatic plants (MAPs) have
been used for health purposes for thousands of years
and the importance of these plants has increased
throughout history. Due to the side-effects of many
medications that are used in modern medicine, the
usage rate of herbal medications that are extracted
from plants has continued to increase. MAPs are also
used for various nonmedical purposes such as nutrition, cosmetic products, and spices [5]. Due to the
thousands of species and the widespread usage purposes, today’s demand for MAPs has greatly increased. Medicinal and aromatic plants are said to
have the medical benefits of their roots, leaves, and
flowers [5, 6, 7, 22]. At the same time medicinal and
aromatic plants (MAPs) have a vital role in the utilization of the natural wealth and conservation of biodiversity. Moreover, valuable uses are possible and
that medicinal and aromatic plants diversity represents attainable new environmentally and economically sustainable opportunities for agricultural areas,
which should be the motive to boost further studies
on the cultivation of these plants [23].
Today, improved technologies allow the extracting of pure substances from plants, which is
known as pure medicine [8]. Turkey has an important place in the world MAPs trade because of advantages such as geographical location, climate, rich

Medicinal and aromatic plants contribute to the
economy by maintaining the health of the population
that sustains the economy, particularly in developing
countries. Therefore, the objective of this study was
to evaluate collection and development opportunities
of medicinal and aromatic plants, the socio-economic structure, and the satisfaction of farmers. In
the study, 94 surveys were carried out with medicinal and aromatic plant collectors from nature by the
methods of full count and face to face interview. According to the research results, 70.21 % of the farmers had graduated from primary school, and 2.13 %
had graduated from universities.
The average duration of experience with MAPs
was 9.90 years, and the average farmer’s age was
46.8 years old. The collecting land area average was
1.25 ha-1. $!$"", '$"%$!" ., $"
!! , "!$""%"
., $'!#$"were the plants most collected
from nature. The factors affecting the satisfaction of
farmers were determined, including the age of the
enterprise owner, marketing problems, labor problems, the prices of medicinal and aromatic plants, expectations about the future of MAPs, the percentage
of medicinal and aromatic plants in total income,
transportation cost, and the gradual decrease of the
amount of harvested MAPs every year. Among
farmers, the proportion of satisfaction was 59.4 %.
The average annual income of farmers from MAPs’
sale was 2,290 USD. Inadequate cultivation and
marketing of the MAPs sector were found as the biggest problems. Therefore, it is crucial to gather
MAPs farmers in an organization to solve the sector’s problems.


(' "#
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Material for this study was primary data gathered from MAPs farmers by full count and face to
face interview methods. 94 surveys were carried out
in 15 districts of the Hatay province from February
to April of 2016. Secondary data were also gathered
from various organizations such as the Turkish Ministry of Food, Agriculture and Livestock, previous
studies, and statistics.
The factors that affect collectors’ positive perceptions were determined by comparing collectors’
satisfaction, perception about the future of MAPs,
and characteristics of the collectors and their enterprises. The measuring the satisfaction of farmers was
carried out by the binary logistic regression [13].
Data obtained from the survey were subjected to logistic regression analysis with the help of the Statistical Package for Social Sciences Version 22 (SPSS,
2013). In this study, the satisfaction of the farmers
was determined by ten independent variables by using the binary logistic regression. The equation of
the binary logistic model is


logit           
 ,

plant variety, and agricultural potential. Turkey is
home to many plant species with uses in herbal
drugs, phytochemicals, food additives, and cosmetics which are used in different industries in developed countries. MAPs are mostly grown in Turkey’s
geographic regions: Aegean, Marmara, Mediterranean, Eastern Black Sea, and Southeastern Anatolian
[9, 22]. Enhancements in breeding plants that meet
the quality standards of industries and consumers,
determining suitable ecological conditions, collecting plants without harming nature, and determining
post-harvest operations and processing technology
will positively contribute to production and marketing opportunities in MAPs [10].
In Turkey, MAPs cultivation is limited because
they are mostly collected from nature. The most cultivated plants are cumin ($$'$), anise
(  "$), thyme ('$" %$!" .),
fenugreek (! $!$), poppy
seeds  %! "!$ fennel ($$
%$!), mint ( #!#), and coriander (
!!$ "#%$) while the plants most collected
from nature are bay laurel  $!$""), thyme,
mahaleb ( !$$" ), lime flower (
#'"), sage (% " .), rosemary
("!$""), sumac ($"!! .),
licorice root ( ''!!(!), blueberry 
$'!#$", and juniper ( $!$"$" )
[11]. The MAPs mainly exported from Turkey are
thyme, bay laurel, cumin, anasone, fennel seed, juniper, mahaleb, fenugreek, rosemary, licorice root,
mint, sumac, sage, and lime flower. Turkey exports
MAPs to USA, Germany, Vietnam, Holland, Poland,
Brazil, Canada, Italy, Belgium, and Greece. MAPs
imported by Turkey are bay laurel, thyme, sage, anasone, coriander, cumin, fennel, saponaria ("!
$#"), ginseng  & ", licorice root,
and locust !#" $ In 2011, Turkey exported 68 000 t of MAPs with an income of US $ 186
million but imported 148 000 t of MAPs at a cost of
US $ 277 million; the rate of exports to imports was
67 % [11]. In the city of Hatay, there are about 2000
types of flowering plants; 250-300 of them are endemic, and 550 are MAPs. However, this high potential is not sufficiently utilized, and collectors encounter problems in collecting, processing, and marketing. Also, collectors have insufficient knowledge
about the growing and processing these plants [8,
12].
Therefore, the objective of this study was to examine the structure of MAPs agribusiness in Hatay,
determine the factors affecting farmers’ satisfaction,
and discuss ways to improve farmers’ satisfaction in
this region. It was also to determine obstacles at the
stages of harvesting, processing, and marketing, and
to bring solutions for them. Another aim of this study
was to demonstrate the importance of medicinal and
aromatic plants in terms of biodiversity and a sustainable environment.





where
P= model of the probability of farmers’ satisfaction,
= a set of core explanatory variables,
= a vector of unknown variables, and
e= error term
The dependent variables of the research model
define a farmer’s satisfaction with medicinal and aromatic plant collection. The relationship between
dependent and independent variables is shown in the
following equation whereas a description of variables is provided in Table 1:
Yi= β0 + β1 X1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6
+ β7 X7 + β8X8 + β9X9 + β10X10 + ei
"#%$##%## 

#6+16-+65641+:;9<+;<9-6..)94-9:+633-+;
15/!:.9645);<9- The socio-economic structures of the farmers who collect medicinal and aromatic plants (MAPs) from nature are shown in Table
2 and Table 3. 76.6 % of farmers were male and 23.4
% were female. The ages of male and female collectors were 54.38 and 39.28 years old, respectively.
49.81 % of collectors were male, and 50.19 % were
female which is close to the gender distribution of
Turkey (50.17 % male and 49.83 % female) [14].
In terms of the farmers’ education level, 70.21
% were primary school graduates, 17.02 % were secondary school graduates, 8.51 % were high school
graduates, and 2.13 % had a university degree. In
terms of the farmers’ family education level, 52.78
% were primary school graduates, 26.59 % were secondary school graduates, 13.89 % were high school
graduates, and 6.34 % had a university degree. In
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Dependent

Y

Independent
Independent
Independent
Independent
Independent
Independent
Independent
Independent

X1
X2
X3
X4
X5
X6
X7
X8

Independent
Independent

X9
X10

-:+917;165
Farmer’s satisfaction with medical and aromatic plants (MAPs) collection (1 = satisfied and 0
= not satisfied).
Age of farmer.
Marketing problem (1 for yes and 0 no).
Labor problem (1 for yes and 0 no).
Farmers’ satisfaction with MAPs’ prices (1 = yes and 0 = no).
Expectation about the future of MAPs agribusiness (1 = hopeful and 0 = hopeless).
Percentage of medicinal and aromatic plants of total income.
Transportation cost.
Duration of experience in years
Education level of farmers (1= illiterate, 2 = primary, 3 = secondary, 4 = high, and 5 = university)
Gradual decrease of the amount of harvested crop every year (1 = yes and 0 = no)


$ 
#6+1)3:;9<+;<9-6..)94-9:+633-+;15/!:.9645);<9-
;;91*<;-:
Genders of farmers
Ages of farmer
Gender of farmer’s family
Education levels of farmers

Educations of farmer’s family

Marital status of farmer
Family members ages (years)

Experience of farmers in years

?73)5);165
Male
Female
Male
Female
Male
Female
Illiterate
Primary
Secondary
High
University
Illiterate
Primary
Secondary
High
University
Single
Married
0-6
7-14
15-49
50-64
65+
Male
Female

terms of the farmers’ marital status, 96.88 % were
married and 3.12 % were single. In terms of the
farmers’ family age group distributions, 58.18 %
were 15 to 49 years old, 20.91 % were 7 to 14 years
old, and 15.97 % were 50 to 64 years. The average
duration of farmers’ experience was 9.90 years (Table 2).
The number of days that male and female collectors spent on MAPs activities were 45.01 and
44.64 in a year. In our study, 21.90 % of the labor
force was from outside of the MAPs collection, and
78.05 % was from family labor force. 3.05 % of enterprises employed permanent workers and 18.90 %
temporary workers. This situation contributes to economic self-sufficiency, positively affects enterprise

9-8<-5+@
72
22
72
22
211
212
2
66
16
8
2
2
223
112
59
27
3
91
18
88
246
68
3
72
22


76.6
23.4
--------49.81
50.19
2.13
70.21
17.02
8.51
2.13
0.40
52.78
26.59
13.89
6.34
3.12
96.88
4.18
20.91
58.18
15.97
0.76
---------

=-9)/-

54.38
39.28

10.08
9.31

profitability, and helps to reduce foreign dependency. The largest manpower labor force unit was in
the 15-49-year-old group (82.5 %), 73.5 % in the 5064-year-old group, and 21.5 % in 7-14-year-old
group. In a study, in the manpower labor force, 156
individuals worked in cotton, 108 in watermelon,
and 130 in citrus enterprises [15]. In terms of MAPs
collecting area size, 81.10 % were from 0.1 to 2.0
ha-1, 16.46 % from 2.1 to 10.0 ha-1, and 0.61 % were
larger than 10.0 ha-1. The average medicinal and aromatic plants (MAPs) collection area is 1.24 ha-1.
In terms of the annual income from the sale of
MAPs (USD), 95.75 % were from 0 to 3,000, 3.19
% were from 3,001 to 6,000, and 1.06 % were 6,001
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'$"%$!" . between March and May, 
$'!#$"between January and March, and "
!$" " between April and May. After
collection, these plants are subjected to processes
such as cleaning, picking, classification, sterilization, and packing. The cleaning process was performed in 57.8 % of the enterprises, the picking process was performed in 56.2 % of the enterprises,
classification was performed in 3.1 % of the enterprises, sterilization was performed in 1.6 % of the
enterprises, and packing was performed in 6.2 % of
the enterprises. Approximately 72 % of the plants
were sold fresh without applying any processes, 18.8
% were sold dry, 4.7 % of them were sold as both
fresh and dry, 3.1 % of them were sold as processed,
and 1.6 % of them were sold as both dry and processed.
Among the producers and collectors, 73.4 %
were not members of any agricultural union or cooperative organization, and 26.6 % of them were members of a union or an agriculture organization. 78.1
% of enterprises got no services from cooperative organizations or unions, 14.1 % got irrigation services,
and 7.8 % got marketing services. Among the enterprises which were examined, 79.7 % sold their products to merchants, 6.2 % sold their products to firms,
and 14.10 % sold their products at local bazaars. In
terms of marketing, 90.4 % of the enterprises sold
directly, 6.3 % stored in regular storage, and 3.3 %
of them stored in cold storage. Similar results have
also been reported [16].

and over. Thirty-five of the 94 farmers had no agricultural income, and their annual average incomes
from agricultural activities (USD) were as follows:
14.90 % were from 0 to 3000, 46.81 % were from
3001 to 6000, 1.06 % were 6001 and over. Also, 24
farmers had no income from non-agriculture activities, and for the rest of them, their annual average
income from non-agricultural activities (US$) were
as follows: 26.59 % from 0 to 3000, 45.75 % from
3001 to 6000, and 2.13 % were 6001 and over. So,
the average annual incomes from MAPs, agricultural, and non-agricultural product sales were 2,290,
3,045 and 3,525 USD, respectively. Also, the average annual total income was 8,860 USD (Table 3).
Similar results have also been reported [16].
633-+;165796+-::15/791+15/)5,4)92-;
15/6.4-,1+15)3)5,)964);1+73)5;:!: The
amounts, sale prices, and sale revenues of collected
MAPs are given in Table 3. According to the research results, the most common MAPs collected
from nature were bay laurel ( $!$""), thyme
('$" %$!" .), blueberry ($ '!#
$"), sage (%" ), sumac ($"!
! , and rosemary ("!$"").
Collection, processing, and marketing seasons
of MAPs show differences depending on plant species. $!$""was collected between September and November, % " . between
February and March, $" !!  in August,



$ 
+65641+:;9<+;<9-6..)94-9:+633-+;15/!:.9645);<9-
;;91*<;-:
Working day average (day/year)
Labour force of enterprices
MAPs’ collection area size (ha-1)

Annual income of MAPs (US$)

Agricultural income (US$/year)

Non-agricultural income (US$/year)

?73)5);165
Male
Female
Non-employee
Permanent
Temporary
0.1-2.0
2.1-5.0
5.1-10.0
10.1+
0-1 500
1 501-3 000
3 001-4 500
4 501-6 000
6 001+
None
0-1 500
1 501-3 000
3 001-4 500
4 501-6 000
6 001+
None
0-1 500
1 501-3 000
3 001-4 500
4 501-6 000
6 001+
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72
22
73
3
18
76
15
2
1
60
30
2
1
1
35
6
8
21
23
1
24
9
16
41
2
2


----------78.05
3.05
18.90
81.10
16.46
1.83
0.61
63.83
31.92
2.13
1.06
1.06
37.23
6.39
8.51
22.34
24.47
1.06
25.53
9.57
17.02
43.62
2.13
2.13

=-9)/-
45.01
44.64
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(94 farmers), difficulties in finding consumers due to
low production quality (57 farmers), irregularity in
selling the product (78 farmers), plant diseases (39
farmers), difficulties in the drying process (26 farmers), lack of knowledge of processing and marketing
(21 farmers), disorganized marketing (76 farmers),
absence of a union (74 farmers), insufficient agricultural subsidies (94 farmers), bureaucratic obstacles
(65 farmers), instability in prices due to irregularity
in demand (93 farmers), and having limited power
over the pricing of products (78 farmers). Similar
problems were reported [10]. The amounts of medicinal and aromatic plants collected from nature between 2013 and 2015 are shown in Figure 1.

The prices, amount, and income from medical
and aromatic plants (MAPs) collected from nature
are shown in Table 4. According to the results, the
largest amount and the highest income was obtained
from bay laurel ( $!$" "), and the highest
price was for thyme ('$"%$!" ) (Table 4).

$0- 796*3-4: -5+6<5;-9-, *@ .)94-9: 
Farmers were asked about problems they encountered during the collecting, processing, and marketing of MAPs. Some of the most important problems
that they described are as follows: the t yield of
MAPs decreasing every year due to excessive harvest and insufficient management of MAPs areas,


$
$0-)46<5;2/791+-%#)5,:)3-:9-=-5<-:%#6.4-,1+15)3)5,)964);1+73)5;:!:
;0);+633-+;-,.9645);<9-
#7-+1-:

=-9)/-
Amount
Price
Sales revenue
Amount
Price
Sales revenue
Amount
Price
Sales revenue
Amount
Price
Sales revenue
Amount
Price
Sales revenue
Amount
Price
Sales revenue
Amount
Price
Sales revenue

Bay Laurel ( $!$"")
Sage (%" )
Sumac ($"!! 
Thyme ('$"%$!" )
Blueberry ($'!#$")
Rosemary ("!$"")

Other

126768
0.87
110 288.16
15015
1.41
21 171.15
3225
3.48
11 223
3316
3.75
12 435
20000
1.89
37 800
7000
1.59
11130
6037
1.85
11168.45

%" 
$0-)46<5;:6.+633-+;-,4-,1+15)3)5,)964);1+73)5;:!:.9645);<9-*@@-)9:
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$0-9-:<3;:6.*15)9@36/1:;1+9-/9-::165>1;09-:7-+;6.)+;69:)..-+;15/;0-:);1:.)+;1656..)94-9:
&)91)*3-:
Age of farmer
Marketing problem
Labour problem
Sale price of medicinal and aromatic plant
Expectation on the future of MAPs agribusiness
Percentage of medicinal and aromatic plants in
total income
Transportation costs
Decreasing of the amount of harvested MAPs
every year
Duration of experience (years)
Education
Constant
Model Prediction Success (MPS)
Log-likelihood Ratio
Hosmer and Lemeshow Model (df:8) Test (pvalue=0.411)
Cox and Snell R2
Nagelkerke R2

6-..1+1-5;:
0.142
-3.706
-2.597
3.102
2.365

#;)5,)9;9969:
0.046
1.123
1.074
0.987
0.563

#1/51.1+)5+-
0.019
0.023
0.012
0.049
0.023

0.031

0.016

0.008

0.970

-1.079

0.025

0.004

4.653

-2.405

0.108

0.017

7.451

0.038
-0.056
0.851
90.4%
104.988

0.098
0.019
0.069



0.129
0.238
0.041

1.001
0.974
1.305



5.467



0.233
0.501




In Figure 1, it may be seen that the amounts of
medicinal and aromatic plants collected from nature
are decreasing every year. It is posited that this situation, which is very important for sustainable agriculture, was caused by excessive harvesting and inadequate management.

)+;69:)..-+;15/;0-:);1:.)+;1656..)94-9: 
In terms of satisfaction, 59.4% of the farmers stated
that they were satisfied with their business, and
40.6% stated that they were not satisfied. In this
study, factors affecting satisfaction of MAPs’ collectors were determined by using binary logistic regression. According to the test results, significant relations were found between independent variables that
are shown in Table 5. The factors affecting the satisfaction of collectors were determined as the age of
the farmer, marketing problems, labor problems, sale
prices of medicinal and aromatic plants, future expectations for the enterprise, percentage of medicinal
and aromatic plants of total income, transportation
cost, and the gradual yearly decreasing amount of
harvested MAPs (Table 5).
This section elucidates the results of binary logistic regression and explains the determinants of
satisfaction levels of medicinal and aromatic plants
collectors in the Hatay province, Turkey (Table 5).
The model predicted an accuracy of 90.4 %. percent.
The goodness of fit of the logistic regression model
was tested by using the Hosmer and Lemeshow (HL) method [17, 18]. The Hosmer and Lemeshow (HL) coefficient, calculated as 5.467, is statistically
non-significant (P > 0.05), indicating that the model
is good. The Cox and Snell and the Negelkerke R
square coefficients are 0.223 and 0.501, respectively, pointing to a reasonable model.
In a total of ten independent variables, eight
were found to be statistically significant (P < 0.05).

,,");16
1.153
40.671
13.429
36.715
6.098








Age had a positive impact on the satisfaction of
farmers. The results of the research showed that as
the farmers aged, their satisfaction increased. The
coefficient showed that the older farmers were about
1.2 times more satisfied than younger farmers.
Marketing problems had a negative impact on
the satisfaction of farmers. This situation causes the
satisfaction of farmers to decrease. The odds ratio
shows that an increase of each marketing problem
resulted in 40.7 times less satisfaction.
Labor problems had a negative effect on the
satisfaction of the farmers, thus reducing the satisfaction rate. The coefficient shows that an increase
in each labor problem resulted in 13.4 times less satisfaction in farmers.
The prices of medicinal and aromatic plants
have a positive relationship with satisfaction. Higher
prices for medicinal and aromatic plants have a probability of satisfaction by 36.7 times than those of
lower prices on the satisfaction of farmers. This implies that higher prices of medicinal and aromatic
plants can enhance the probability of farmers’ satisfaction. Similarly [19] stated that a high selling price
for the products increases the sales preference of the
producers.
Expectations for the future of the enterprise had
a positive impact on the satisfaction levels of collectors. This shows that the farmers who think that this
sector will be better in the future exhibit a higher rate
satisfaction. The result shows that the collectors who
think this sector will be better in the future are about
6.1 times more satisfied than those who do not think
this sector will be better in the future.
The percentage of medicinal and aromatic
plants of total income had a positive impact on satisfaction of farmers. This means that a higher percentage of medicinal and aromatic plants of the total in-
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come indicated a higher rate of satisfaction for collectors. The estimation of the coefficient shows that
the higher percentage of medicinal and aromatic
plants of total income has about one time more satisfaction than that of the lower percentage.
The transport costs reduce the satisfaction of
collectors. The coefficient shows that an increase of
each transportation cost results in 4.7 times less satisfaction. Similarly, [13] explained that the distance
from the market increased the cost of transportation,
and the increased transportation costs negatively affected the sales’ price producer's preference. Also,
[20] stated that high transportation costs negatively
affect producers' desire to go to the markets. Every
one km increase in distance from the market reduced
the preference of the farmers to go to the market by
0.775 in South Africa [21].
The gradual yearly decrease in the amount of
harvested MAPs has a negative effect on satisfaction
of farmers. This implies that the gradual yearly decrease of the amount of harvested MAPs decreases
the higher rate of satisfaction of MAPs’ collectors.
The estimated coefficient shows that a decrease in
each harvested MAPs results in 7.5 times less satisfaction (Table 5). It was stated that the size of the
land positively affects the preferences of producers
[13].


 %# #

This study determined some factors that affected the satisfaction of MAPs’ collectors in Hatay,
Turkey and analyzed the effect of their satisfaction
on income. The study shows that the factors affecting the satisfaction of MAPs’ collectors were determined to be the age of farmer, marketing and labor
problems, the sale prices of medicinal and aromatic
plants, expectations about the future of MAPs agribusiness, the percentage of medicinal and aromatic
plants of total income, transportation cost, and the
yearly gradual decrease in the amount of harvested
MAPs. The annual amount of MAPs collected from
nature is gradually decreasing due to over-harvesting
and inadequate management and protection of
MAPs. Clearly, conservation of natural plant genetic
resources and their sustainable use are vital issues.
With the field production of medicinal and aromatic
plants, some deficiencies and reductions in agriculture and processing resulted. Nevertheless, the quality and quantity of these plants produced by farming
have gradually increased with high technology according to market demand. High quality processed
products rich in secondary metabolites must be offered instead of raw materials in order to obtain
higher income. In order to achieve sustainable agriculture and reduce poverty, it is necessary to improve the income and welfare of small farmers and
to improve the processes from the production to marketing. Small farmers should be encouraged to unite

in an organization, medical and aromatic plants
should be maintained during the season, strict controls instituted in medical and aromatic plant areas
against over-harvesting, and farmers should be
trained to be able to obtain more income from the
production of medicinal and aromatic plants. Furthermore, arrangements should be made to provide a
product price guarantee to farmers.
 '$#
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EFFECT OF EFFECTIVE MICRO-ORGANISMS ON THE
PROLINE AND MDA CONTENTS IN HERB PLANT
MATERIAL OF OCIMUM BASILICUM L. VAR. PICCOLINO
Alicja Auriga*, Jacek Wrobel
Department of Plant Physiology and Biochemistry, Faculty of Environmental Management and Agriculture, West Pomeranian University of
Technology in Szczecin, ul. Sáowackiego 17, 70-310 Szczecin, Poland

ABSTRACT

between the generation of reactive oxygen species
(ROS) and its antioxidant abilities, what in consequences can lead to plants death [5,6]. Proline and
malondialdehyde (MDA) are good indicators of
oxidative stress in plants [7-9].
Proline participates in the stabilisation of proteins and cell membranes [10,11]. It also serves as
an osmoprotectant and is a reservoir of nutrients for
plants [9]. MDA induces changes in the structure of
the cell membrane leading to its disintegration and
uncoupling of phosphorylation in the mitochondria
[12]. Its concentration depends on the level of ROS
in tissues ± the greater the production of free radicals, the higher the concentration of malondialdehyde [13].
Scientific reports to date mainly focus on the
evaluation of the effect of EM on crop yield and
crop quality [e.g. 14-17] but do not explore the
issues that concern the effectiveness of their protective properties based on the metabolic mechanisms
taking place in plants at the cellular level. Most of
this type research is conducted on crop plants. On
the other hand, there are only few reports on herbaceous plants that enjoy the growing interest in Poland due to their high biological value. A very valuable herbaceous plant, of a wide range of application, is sweet basil (Ocimum basilicum L.) and its
new varieties.
Therefore, the study determines the effect of
EM on the level of free proline and MDA, the biochemical indicators adequate in the evaluation of
biochemical activity and general physiological
condition of sweet basil var. Picollino.

Research on effective micro-organisms (EM)
mainly focuses on their effect on crop yield and
crop quality. On the other hand, knowledge on the
effect of EM on metabolic processes that take place
in plants at the cellular level is not sufficiently systematised. The subject of this study was to evaluate
the effect of an EM preparation on two oxidative
stress parameters, i.e. free proline and malondialdehyde (MDA) contents in the green parts of sweet
basil Ocimum basilicum L. var. Piccolino grown in
pots. The concentration of free proline was determined by the ninhydrin reaction and the malondialdehyde concentration based on the reaction with
thiobarbituric acid. Analysis of variance for selected factors showed a significant effect of interaction
both EM and time on the decrease of proline and
MDA concentration. Effect of singular factor i.e.
EM has shown a favourable influence of the preparation on the oxidative stress parameters in sweet
basil by lowering the concentration of proline and
significant slowing down the process of lipid peroxidation in the plant tissues. EM can be used in crop
growing as a preparation to facilitate the adaptation
of plants to changing climatic and habitat conditions.
KEYWORDS:
biochemical parameters, cultivation, oxidative stress
reduction, sweet basil

INTRODUCTION
MATERIAL AND METHODS
Due to the progressing environmental degradation as a result of crop chemization, the organic
farming, natural fertilisers and preparations are
becoming more popular. Effective microorganism
(EM) technology consisting biological preparations
composed of specially selected, naturally occurring
microorganisms, is one of the alternative for modern agriculture[1, 2].
Various environmental factors cause changes
in plants metabolism [3,4]. Prolonged or increased
exposure to stress factor results in an imbalance

Material. In 2014-2015, during the growing
season, a two-year pot experiment with sweet basil
(Ocimum basilicum L.) var. Piccolino was conducted. The plant material came from a private horticultural farm in Szczecin. Biochemical analyses on the
acquired material were performed at the laboratory
of the Department of Plant Physiology and Biochemistry, Faculty of Environmental Management
and Agriculture, West Pomeranian University of
Technology in Szczecin.
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Malondialdehyde (MDA) determination.
The concentration of malondialdehyde was determined by a slightly modified method according to
Sudhakar et al. [19] that is based on the reaction of
MDA with thiobarbituric acid.
The acquired plant material (1g) was homogenised with 0.1% TCA, then the resultant homogenate was filtered. To 1 cm3 of the supernatant, 4
cm3 of 0.5% TBA (in 20% TCA) was added. The
closed tubes were placed in a water bath at 90100°C and shaken for 30 minutes. Next, the tubes
were placed in an ice bath for 15 minutes to cool
them. The samples prepared this way were filtered
once again, and then the absorbance against the
reagent blank was determined in them at the waveOHQJWKVȜ QPDQGȜ QP$IWHUUHPRYLQJ
WKHQRQVSHFLILFWXUELGLW\EHLQJPHDVXUHGDWȜ 
nm, the MDA concentration was calculated using
the mili-molar absorbance coefficient 155 mM±
1
Âcm±1.
Both determinations were made using a Shimadzu 1800 UV-Vis spectrophotometer (Shimadzu
Scientific Instruments Inc., Columbia, Md., USA).

The experimental material was sweet basil var.
Piccolino and EM. Sweet basil is an annual plant of
the family Lamiaceae; the variety being tested is
characterised by small leaves and a high content of
essential oils. EM are natural preparations to support plant growth, being widely used in organic
farming. They are composed of: lactic acid bacteria
(Lactobacillus casei), photosynthetic bacteria (Rhodopseudomonas palustrus), yeasts (Saccharomyces
albus), actinomycetes (Streptomyces albus) and
mould (filamentous) fungi (Aspergillus oryzae).
A two-factor pot experiment was set up following the randomised complete block design in
three replications. The first factor was 2 levels of
EM application (level 1 involved the use of EM in
cultivation, while level 2 is a control, without EM).
The second factor was times of measurement (3
levels).
Sweet basil seeds, in the amount of 10 seeds
per pot, were sown into a ready-made peat-based
substrate with pH 5.5-6.5, salinity of 1.9 g
1D&OÂdm-3 and with a starter dose of NPK compound fertiliser 14-16-18 in the amount of 0.6 kJÂm3
.
From the moment the seeds were sown, the
objects intended for the application of effective
micro-organisms were watered with an aqueous EM
solution at a 1:100 dilution, every 7 days, in acFRUGDQFH WR WKH PDQXIDFWXUHU¶V UHFRPPHQGDWLRQV
On other days, the plants were watered without
addition of the EM preparation. On the other hand,
the objects not intended for EM application were
watered with plain water only.
The plant material for analyses was collected
three times at monthly intervals, i.e. at the beginning of June, July and August. On all the dates, free
proline and MDA contents in fresh herb parts of
sweet basil were determined.

Statistics. The findings with regard to the effect of effective microorganisms on proline and
malondialdehyde concentrations in the plant material were subjected to a two-way analysis of variance (ANOVA). Homogeneous groups were deterPLQHGE\WKH7XNH\¶VWHVWDWWKHVLJQLILFDQFHOHYHOĮ
= 0.05.

RESULTS
A significant effect of EM application on the
concentration of free proline in the analysed plant
material was shown (Tab. 1). The analysis of variance showed that the most significant statistical
factor affecting the proline level in sweet basil herb
was the time of taking measurements ± 92.8 %
(Tab. 1). The interaction of both factors, i.e. EM
and time, had a significant effect on the analysed
parameter ± 4.7%.
Figures 1 and 2 present the effect of individual
factors on the proline content. Under control conditions (without EM), the proline content was slightly
higher than after EM application, the difference
being however not significant. On the other hand,
significant differences were found in the proline
content depending on the time of measurement. The
lowest proline concentration, ranging from 0 to 0.02
PROÂJ-1 f.w., was determined on the first and the
second date of taking measurements for the two
experimental variants. Its highest concentration was
observed on the third date of taking measurements,
UHJDUGOHVV RI WKH (0 OHYHO LH  PROÂJ-1 f.w.
(Fig. 1).

Proline (Pro) determination. The concentration of free proline in fresh green parts of sweet
basil was determined by the ninhydrin reaction
according to the method developed by Bates et al.
[18].
Approximately 0.5 g of fresh plant tissue was
homogenised in the presence of 3% aqueous solution of salicylic acid (10 ml), and the resultant homogenate was filtered through a filter paper. To the
upper aqueous phase, 2 ml of acidic ninhydrin and 2
ml of glacial acetic acid were added. Next, the resultant solution was mixed thoroughly and, after
pouring it into the closed tubes, placed in an incubator set at 90-100°C. After 1 hour, the tubes were
transferred into an ice bath for 15 minutes to cool
them. Then, 4 ml of toluene was added to each tube
and they were shaken for 30 minutes. The samples
prepared this way were left to allow the phases to
separate. The upper phase (toluene) was sampled to
determine the absorbance of chromatophore, against
the blank, at the ZDYHOHQJWKȜ QP
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TABLE 1
Analysis of variance for selected factors and interaction between the factors affecting the proline content.
Factor / interaction
EM
Time
EM x Time
Error

SS
0.11
8.15
0.41
0.11

Df
1
2
2
12

MS
107
4074
207
9

F
11.45
436.13
22.11

p
0.005
0.000
0.000

X
1.22
92.80
4.70
1.28

SS ± sum of squared deviations from the mean, Df ± degrees of freedom, MS ± mean square (MS=SS/Df), F ± F-test value, p
± probability of error, X ± percent effect of factors on the analysed property.

FIGURE 1
Average Pro concentrations in sweet basil herb for individual experimental factors.

FIGURE 2
Pro content [μmol×g-1 f.w.] in the green parts of EM-treated sweet basil and under control conditions
(without EM) depending on the time of measurement.
TABLE 2
Analysis of variance for selected factors and interaction between the factors affecting the MDA content.
Factor / interaction
SS
Df
MS
F
p
X
EM
130.07
1
130.073
361.45
0.000
22.89
Time
240.38
2
120.189
333.98
0.000
42.30
EM x Time
193.47
2
96.735
268.81
0.000
34.05
Error
4.32
12
0.360
0.76
SS ± sum of squared deviations from the mean, Df ± degrees of freedom, MS ± mean square (MS=SS/Df), F ± F-test
value, p ± probability of error, X ± percent effect of factors.
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Figures 3 and 4 present the effect of individual
factors on the MDA content in the analysed material. The application of EM resulted in a 2-fold decrease in the MDA content in sweet basil herb
compared to the control (Fig. 3). The time of taking
measurements also significantly affected the average proline content in the analysed material. On the
1st date, its content was the lowest, whereas on the
3rd one the highest.
A significant interaction between the analysed
experimental factors was observed (Fig. 4). The
lowest MDA concentration was found in the plants
collected on the 1st date and after EM application
 QPROÂJ-1 f.w.), whereas by far the highest
concentration was observed in the control plants
colOHFWHGRQWKHUGGDWH QPROÂJ-1 f.w.).

Also on the third date of taking measurements
± at the end of the growing season, a significant
difference was found between the control plants
PROÂg-1 f.w.) and those with EM added (1.18
PROÂg-1 f.w.) (Fig. 2.). The EM addition decreased
the proline content.
The EM preparation applied in the experiment
also significantly decreased the malondialdehyde
concentrations in the analysed plant material (Tab.
2.). The percent effect of this factor amounted to
around 23%, with the time of taking measurements
having once again the most significant effect on the
MDA content in the plant tissue ± 42.3%. The interaction of the two factors also showed a significant effect on the analysed parameter ± around
34%.

FIGURE 3
Average MDA concentration in sweet basil herb for individual experimental factors.

DŶŵŽůͼŐ 





















FIGURE 4
0'$FRQWHQW>QPROÂJ-1 f.w.] in the green parts of EM-treated sweet basil and under control conditions (without EM) depending in the time.
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as in enzymes and hormones that support active cell
division [1]. Talaat [2] in his experiment, has proven a mitigating effect of EM on the salt stress induced in common bean by increasing the protein
synthesis and changing the composition of polyamines.
The effect of biologically active substances,
i.e. bio-stimulators, on the proline content, other
than that being observed in the present study, has
been shown by Borowski and Blamowski [21].
They have observed a significant increase in the
proline concentration in the leaves of Ocimum basilicium L. in the plants being treated with a biopreparation compared to the control plants.
The MDA content in the analysed control variant is characterised by an upward trend over three
months, which is consistent with the mechanism of
organism aging. While on the first and the third date
the MDA content in the EM-treated plants is significantly lower than in the control, the level of the
analysed indicator on the second date seems to be
striking. A similar level of this parameter for the
two variants may indicate achieving optimum growing conditions and an adequate phenological phase
by the plant in which the application of EM preparation does not bring significant changes. A significant reduction in the MDA level in the EM-treated
plants in relation to the control on the third date
points to the effects of antioxidants which, as reported by Higa [1], are the major product of EM.
A reduction in the values of oxidative stress
parameters under optimum conditions as a result of
the application of effective micro-organisms may be
a confirmation of the protective properties of this
preparation. According to Janas and Grzesik [22,23]
biological conditioning of the seeds of some species
of medicinal plants and vegetable crops enhances
the health of seeds and improves their sowing value. On the other hand, Xu [24] and Chaudhry [25]
have demonstrated the positive effects of the application of effective micro-organisms in maize growing. The bio-preparation has stimulated the growth
of plants and induced their resistance and the process of photosynthesis [26].

When comparing the MDA content in control
plant herb and after EM application on respective
dates of taking measurements, it was observed that
the lowest concentration of this chemical compound
was characteristic of the sweet basil plants being
collected on the 1st date. However, the plants without EM contained significantly more MDA (5.01
QPROÂg-1 f.w.), while those with EM less (3.17
QPROÂg-1 f.w.). On the 2nd date, the MDA concentration increased and, regardless of the variant with
EM, was at a similar level, i.e. 9.57 - QPROÂg-1
f.w. On the other hand, the MDA concentration in
the control plants on the 3rd date was the highest
QPROÂg-1 f.w. ) and was significantly higher,
4-fold, than in the plants being treated with EM
SUHSDUDWLRQ QPROÂg-1 f.w.) ± Fig. 4.
DISCUSSION
Due to the ongoing climate and habitat changes, the plants are exposed to the effects of abiotic
factors that induce stress in them. To adapt to adverse conditions, the plants have developed some
defence mechanisms that allow them to survive.
Oxidative stress which is a response of the plant
organism to the effects of stress-inducing stimulus
is the phenomenon being most studied by scientists
and best illustrates the condition of the test object.
Bearing in mind the results presented in this paper,
the significant increase of free proline content in
sweet basil herb for the two variants of the material
collected being collected on the third date should be
taken into account in respect to other dates of making measurements. According to Koralewski [3],
the proline level depends on both the internal environmental factors, such as plant age and its development stage, and the external ones, i.e. temperature, insolation, humidity, etc. Syversten and Smith
[20] have demonstrated that the Pro content in the
young plants is at the highest level than in the older
ones ± unlike in the present experiment. This may
indicate the effects of a stress factor that activated
the defence mechanism against free radicals. Since
the function of proline includes, among others,
osmoregulation, stabilisation of cell membranes and
protection of plan tissues against degradation, the
relevance of EM application in the analysed crop
becomes essential. The obtained results show a
significant reduction in the proline level in the
plants being treated with EM preparation in relation
to the control variant for the third date. Lower levels of this enzyme in the EM-treated plants may be
justified by the presence of photosynthetic bacteria
in the preparation which in co-operation with other
micro-organisms provide plants with essential nutrients: amino acids, nucleic acids, bioactive substances and sugars [2]. The constant access to nutrients during stress allows protein degradation processes to slow down. In addition, EM are rich in
micro-organisms that produce antioxidants, as well

CONCLUSION
The results obtained in this experiment confirm numerous scientific reports about the positive
effect of EM on the growth and development of
plants, not only under stress conditions. The study
has shown a favourable effect of EM on the oxidative stress parameters in sweet basil by lowering the
concentration of free proline and significant slowing down the process of lipid peroxidation in the
plant tissues. Effective micro-organisms can be
used in crop growing as a preparation to facilitate
the adaptation of plants to changing climatic and
habitat conditions.
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for a high level of mechanization, automation and
robotics, allowing full production control in terms
of raw material quality and animal welfare, using
computer information technology.
Factors influencing the shaping of sustainable
agriculture:
 ensuring animal welfare;
 reduction of greenhouse gas emissions;
 protection of the rural landscape;
 maintaining the viability and competitiveness of farms; providing food supply;
 protection of animal and plant species (biodiversity);
 management of natural resources;
 maintaining the rural community;
 providing a decent standard of living for
farm workers.
Technological standards is a set of requirements including technical parameters in the field of
functional solutions, technical and technological
equipment as well as technical infrastructure elements that meet animal welfare requirements, as
well as environmental protection. They enable reduction of greenhouse gas and ammonia emissions
and allow for proper management of natural fertilizers. Technology means the way of work organization and thus use of technology. Technology is
analyzed and evaluated in relation to production
operations in animal husbandry. Measure of functionality of a cowshed or pig house is the assessment of the spatial arrangement of mutually synchronized production and auxiliary rooms subordinated to technology, animal biology (animal welfare) and work organization taking into account the
ergonomics and hygiene of obtaining raw material
products (e.g. milk, meat) [5, 6, 7, 8, 9, 10, 11, 12,
13].

ABSTRACT
The rational development of animal production technology depend on genetic advantages,
requirements resulting from the need for animal
welfare, limitations related to environmental protection, as well as the quality of raw material production in the sustainable conditions of animal production. The aim of this study is to present: directions
of development of innovative technological and
construction solutions for the needs of animal production on the example of dairy cattle breeding and
directions of research works in the field of sustainable livestock building construction, including technological standards, shaping and protecting the
environment.

KEYWORDS:
technology, animal production, lair, sustainable development, agricultural engineering, shaping the environment

INTRODUCTION
The implementation of modern innovative solutions of livestock buildings being an indispensable element in the production of milk, meat, eggs or
other raw materials, should take into account the
sustainable development of the farm. The sustainable development of a specialized farm, including
the family farm, consists of the following issues
that ensure a balance between production and the
environment [1, 2, 3, 4, 5, 6]:
 environmental restrictions, including: gas
emissions (CO2, NH3, CH4, NOx, H2S), groundwater contamination, soil contamination, dust and
noise presence;
 restrictions related to ensuring production
safety, animal welfare, safety and service comfort,
quality of produced raw materials;
 economic constraints: stability of product
prices (agricultural raw materials), stability of raw
materials prices for energy production and electric
energy prices,
 social limitations resulting from the need

MATERIALS AND METHODS
Basic output data for technological systems
of cattle breeding. Currently, in modern cattle
breeding systems, including sustainable development, the following functional and technological
solutions are utilized [14, 15, 16, 17]:
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 A and B - group (20-30 pieces) cow bed
with a deep litter with a separate manure corridor
(known as a feeding area) adapted to feed animals,
separating the feed corridor, usually crossing the
ladders (baffles) of fodder. The fodder area can be
equipped with a deep channel for storing slurry and
covered with grate or made of light concrete
adapted to mechanical removal of the manure (B).
 C - group way of keeping animals on deep
litter, especially heifers without a separate part for
feeding.

Fresenius Environmental Bulletin

D - group system of keeping heifers and dairy
cows with a lair with a drop of approx. 8-10%,
allowing self-removal of manure in the direction of
the manure corridor (feeding area).
 E - litter, box system for maintaining cows
with a manure corridor adapted to mechanical
scraping of the manure.
 F ± no litter, box system of maintenance
with a manure-walking corridor covered with a
grate.

FIGURE 1
Examples of technological solutions for modern cowsheds, including solid manure and liquid manure
management
(A): The cowshed layout with a separate manure-walking corridor (fodder area; uninsulated outer wall): 1 - a deep litter bed,
2 - manure-walking corridor (fodder area) with a slotted floor and a manure channel covered with grate; (B): Schematic
diagram of the section of the cowshed with a separate manure-walking corridor (uninsulated outdoor wall): 1 - collective lair,
2 - manure-walking corridor, 3 - feeding corridor

FIGURE 2
Example of technological solutions of modern cowsheds
(C): Cross-section of deep litter cowshed (uninsulated outer wall): 1 - bed on deep litter with a gentle approach to the feeding
ladder, 2 - feeding corridor; (D): Cowshed structure with a self-removal manure system (external insulated wall): 1 - bedding
litter with a slope of 8-10%, 2 - manure-walking corridor - mechanical removal of the manure, 3 - feeding corridor

FIGURE 3
Example technological solutions of modern cowsheds
E: Bedding barn (outdoor insulated wall): 1 - bed box, 2 - manure-walk corridor, 3 - feeding corridor (fodder area); F: 1 individual bedding box, 2 - manure-walking corridor with a slotted floor covered with grate, 3 - feeding corridor
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FIGURE 4
View of loose housing system barn on a deep litter with a separate manure-walking corridor covered
with a grate: 1 - feeding channel, 2 - slurry channel, 3 - lair with deep bedding, 4 - concrete grate

FIGURE 5
View of a free-standing barn, boxed, litter cowshed
1- feeding corridor, 2 - manure-walking corridor (feeding area), 3 ± milking parlour 2x4, 4 - scraper, 5 ± manure storage, 6 bedding boxes, 7 - boxes for calves, 8 - cross conveyor, 9 - feeding ladder, 10 - slurry tank and drain

FIGURE 6
Technological concept of a cowshed in an open cycle for 44 cows
1 - manure corridor; 2 - feeding area; 3 - feeding corridor; 4 - collective pens for calves over 6 weeks 5 - individual pens for
calves up to 6 weeks; 6 - pen box; 7 - office; 8 ± milk room, 9 ± milking parlor 2x5 ± ³ULEERQW\SH´>]
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FIGURE 7
Concept of extension of the cowshed object in the transverse and longitudinal layout [18]

pens were placed. The functional system of the
cowshed is characterized by a simple functional
concept with the ability to adapt to the needs of
farm size and mechanization system.
Figure 7 shows the concept of the extension of
livestock buildings, barns for dairy cows with the
possibility of adapting to the needs of production
volume with the use of structural substances of
existing facilities. This preserves the sustainable
development of production.

Examples of visualizations of solutions of barn
elements are shown in Figures 4 and 5.
The drawings show the selected solutions and
details of technological elements of presented objects.
Proposals of technological and construction
solutions for cowsheds; concepts of a cowshed
for 44 cows in the open cycle. The technological
and functional system of the barn is shown in Figure 6. It is a non-litter box cow shed system with
the possibility of collecting slurry under the cow's
lair and under the feeding area (manure-walking
corridor). In one of the barn sides a milking parlor
(2x5) and milk room with equipment (8) and an
office (7) is located. Also in this part of the barn
there is a room with pens for calves up to 6 pieces
and 2 pens for 12 older calves up to 6 months (4).
On the other side of the milking parlor, two delivery

Methodology. In order to unify the method of
carrying out research on livestock buildings, as well
as their evaluation and selection of the most advantageous solution according to specific criteria, functions and features, a methodology was developed
that allows a simple presentation of results.
Research were carried out according to the following stages shown in the diagram 1.
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DIAGRAM 1
Stages of the selection of the most favorable solution among the assessed facilities
TABLE 1
Characteristics of exemplary barns being the subject of research
Barn
number

*

Cow breeding
system

Type and amount
of litter
[kgday-1LU-1]*

Frequency of
manure removal

1

Box bedding, shallow bedding

straw
2

3 times a day

2

Boxes, no bedding
with slotted floor,
slurry, deep channels

Rubber mats

2 times a year

3

Self-removal system

straw
6

1 time a day

Lighting and ventilation
Lighting: natural - windows
and skylight artificial: fluorescent.
Gravitational ventilation:
ventilation through windows,
exhaust through the ridge gap
Lighting: natural - windows
and ridge skylight; artificial:
halogen lamps.
Gravity ventilation: ventilation through windows with
adjustable active surface,
exhaust through the ridge
skylight
Lighting: natural - windows
and skylight.
Gravity ventilation: blowing
holes in longitudinal walls,
exhaust through the ridge gap

Barn volume
[m3LU-1]

42,25

74,43

62,7

LU ± Livestock Unit

Among the set of livestock buildings, e.g. for
cattle ± loose housing system, the objects were
selected according to established criteria: at least 5
level of process mechanization, yield over 8,500
liters of milk in three different housing systems:
deep bedding, boxing bedding and bedding with
self-removal system. Research was carried out, as a
result of which data was obtained for technical,
economic and energetic assessment
The external and internal temperature tests

were carried out using Hytherograph LB-701 T
(portable). The external and internal relative humidity was measured using a Lh-706B ThermoHigrobarometer (connected to the concentrator). The concentration of carbon dioxide and ammonia was
tested with two-phase detectors: MX6iBridTM
sensor IR CO2 and MX6iBridTM sensor NH3.
The microclimate parameters were tested with
their own methodology, which is based on literature
and formal and legal regulations. it was created,
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Relative humidity decreases with increasing of
temperature, because of that both parameters are
presented together. It is recommended that the relative humidity in buildings should be kept below
80%, but over 50%. Such conditions were provided
in each cowshed. The highest average external
relative humidity and the lowest average external
temperature was recorded in barn No. 1. In case of
indoor relative humidity the highest value was recorded in barn number 2, however the difference in
comparison with other barns was small. The lowest
average temperature was recorded in barn No. 1.

among others, on the basis of the industry standard
"Microclimate in livestock buildings" BN-86/88003.
RESULTS
The object of the study were three barns: No. 1
- bedding type cow shed, No. 2 - non-bedded cow
shed, No. 3 cow shed with a self-removal manure
system. The characteristics of the cowshed are
shown in Table 1. Detailed results of the tests are
described in Table 2.

TABLE 2
Characteristics of parameters obtained during testing of barns
Breeding
system/season
Barn bedding shed
No. 1/spring
Barn non-bedding
shed No. 2/summer
Barn with litter and
self-removal system
No. 3/summer

Outside
temperature
[°C]
average
min.-max

Inside
temperature
[°C]
average
min.-max

Relative external humidity
[%]
average
min.-max

Relative
internal
humidity [%]
average
min.-max

CO2
[ppm]

NH3
[ppm]

average
min.-max

average
min.-max

5,1
1,7-10,8

11,5
7,6-15,8

72
41-90,3

60,3
36-73,5

932,6
500-1900

4,5
1-9

18,32
12-23

17,60
12-21,03

59,25
38,10-91

66,47
46,97-80,0

665,51
300-1500

6,1
2,3-13,6

23,1
15,3-30,5

24,5
17,7-29,0

60,5
30,5-90,7

65,96
41,1-79,9

818
400-1600

4,23
1-9

FIGURE 8
Comparison of average temperatures and relative humidity in tested cowshed

FIGURE 9
Comparison of concentration CO2 in tested barns
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FIGURE 10
Comparison of concentration NH3 in tested barns
of a daily schedule) ranged from 2.02 man-PLQ Â
LU-1 ÂGD\IRUDURERWL]HGQRQ-bedding cowshed to
6.84 man-PLQÂ/8-1 for a non-bedding cowshed.
5. Average concentration of carbon dioxide
in the barns was from 665.51 ppm for the cattle
barn No. 2, up to 932.6 ppm.
6. Average concentration of ammonia in the
barns was from 4.23 ppm (for a barn with deep
bedding) to 6.1 ppm in bedding-free barn.
7. The annual operating costs of machinery
and equipment in relation to 1 LU in the removal
and storage of natural fertilizers ranged from EUR
42.78 to EUR 335.92.
The above information is a set of data enabling
the design of innovative technologies and objects
that meet the criteria of low-emission and lowenergy.

The average concentration of carbon dioxide
in each of the tested barns did not exceeded the
limit values of 3000 ppm, and the lowest was for
barn no. 2 (665,51 ppm). Also in the case of ammonia, norms were not exceeded in cowsheds (20
ppm).

DISCUSSION AND CONCLUSIONS
1. The analyzed solutions meet the requirements set for modern livestock buildings, e.g. ensuring:
 VXIILFLHQW VSDFH IRU DQLPDOV DQG HTXLSPHQW IRU
mechanization and automation of production operations,
 IXQFWLRQDOLWLHV LH SURSHU PXWXDO SODFHPHQW
of technological elements,
 WKH SRVVLELOLW\ RI HIILFLHQW YHQWLODWLRQ RI WKH
barns with lighting in the ridge.
2. Solutions presented in the form of concepts
provide the possibility of the following microclimatic conditions:
 DYHUDJH FRQFHQWUDWLRQ RI FDUERQ GLR[LGH QRW
exceeding 1000 ppm, against the limit value of
3000 ppm,
 DYHUDJH DPPRQLD FRQFHQWUDWLRQ QRW H[FHHG
ing 10 ppm,
 DYHUDJH DLU WHPSHUDWXUH LQ WKH VXPPHU KHDW
period not higher than 25qC with an average relative air humidity not higher than 80%.
3. Improvement of environmental condition,
including the ventilation process, in the cowshed
has improved the indoor air quality of the livestock
building, therefore it also reduced the emission and
concentration of greenhouse gases and ammonia.
4. Daily units of cowsheds ((on the example
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use of fertilizers has been practised for many centuries. It can enrich the soil to ensure crop yield [8].
Organic fertilizers have the effects of improving
soil texture and structure, stimulating soil microbial
activity and enzyme activity, but the effects of organic fertilizers on crop yield are slow and variable
[9]. It is generally believed that organic or biological fertilizers are absolutely better than chemical
fertilizers in improving soil fertility [10].
Nitrogen (N) is a necessary nutrient for all living organisms [11, 12, 13]. At the same time, it as
one of the important nutrient elements in plant
growth, it plays a crucial role in maintaining crop
yield [14, 15, 16]. According to the statistics, the
application of nitrogen fertilizers increased to about
10 times between 1950 and 2008 all over the world
[17]. Adding large amounts of N, incorrect fertilization pattern and low N utilization efficiency (NUE)
lead to severe soil degradation and environmental
pollution [14]. For economic and environmental
benefits, we need to increase the utilization efficiency of nitrogen fertilizers [18, 19]. During the
sustainable economic production, it is vital to reduce the investment of N fertilizers and improve
NUE [20].
NUE is an efficiency index that transform N
absorption into crop dry matter [21], and it relates
to the supply of soil nitrogen, the proportion of nitrogen and the absorption of plants. It is also an
important index to evaluate fertilizer management
[19]. The partial factor productivity from applied N
(PFPN) is a composite index can be provided as a
source of the total economic output system that can
relate to the utilization of all N. The agronomic
efficiency of applied N (AEN) is an indicator of
increasing yield by using nitrogen. The physiological efficiency of applied N (PEN) is an indicator of
the ability of plants to transform nutrient into economic output. The apparent recovery efficiency of
applied N (REN) is used to describe the percentage
of nitrogen fertilizers recovery rate in the biomass
of ground plants. REN is widely used in field research to evaluate the contribution of N fertilizers
[19].
There are many kinds of fertilizers on the
market, but the influence of each fertilizer on the

Fertilization plays an irreplaceable role in forestry production. However, the effect of fertilizer
types on the yield and nitrogen utilization efficiency of (&#%$#)! Abel remains unclear. In this research, fertilization experiments were used to study
the changes of yield and nitrogen utilization efficiency of(&#%$#)! Abel plants in different fertilizer treatments. The results showed that special
organic fertilizers for  (&#%$#)! Abel seemed to
play a more significant role in increasing plant nitrogen content and accumulation. What’s more, the
special organic fertilizers for (&#%$#)! Abel could
significantly improve the fruit yield. After applying
special organic fertilizers for  (&#%$#)! Abel, nitrogen utilization efficiency indexes had been greatly improved. Therefore, we believed that the application of special organic fertilizers for  (&#%$#)!
Abel was the most effective mode of production
and management.


(&!"
!'#&&%!(&#%$#)! Abel, fertilizer types, nitrogen utilization efficiency, yield, special organic fertilizer for 
(&#%$#)! Abel



#!$#

!'#&&%! (&#%$#)! Abel belongs to Theaceae,
Camellia. It is an evergreen shrub, which is widely
planted in central and southern China. As the largest producer of (&#%$#)! Abel, China has 4 million hectares of (&#%$#)! Abel forests [1, 2]. The
oil of (&#%$#)! Abel is good for human health and
contains nutrient-rich oils and rich active compounds, including oleic acid, linoleic acid and palmitic acid [3]. (&#%$#)! Abel and palm, coconut
and olive trees are known as the world’s four major
woody crops [4].
Fertilizer is one of the important factors that
limits agricultural production. It plays an important
role in improving crop yield, so it is vital to improve fertilizer utilization efficiency [5, 6, 7]. The
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yield of  (&#%$#)! Abel trees was not yet clear.
The influence on the nitrogen utilization efficiency
of (&#%$#)! Abel has not been searched or compared. Our test conducted a study about the effects
of different fertilizer types on yield of  (&#%$#)!
Abel and nitrogen utilization efficiency, and the
purpose of this test was to reveal which fertilizer
was more suitable for (&#%$#)! Abel to improve
the yield and promote production practice.





!"  ! 

moon groove at the drip line of the(&#%$#)! Abel
crown. The depth of fertilization was more than 25
cm. We mixed the fertilizer with surface soil thoroughly, then covered the surface with soil. We carried out woodland weed removal and pest control.
The specific amounts of fertilizers were shown in
Table 1.

# 
#?7-9*5,*46;5:96..-8:131@-8915,1..-8-5:
:8-*:4-5:9

#!"#"

#-9:6<-8<1-=Test site is located in Yushan
county, Jiangxi, China (28 ° 41 'N, 118 ° 15' E).
The area is poorly nourished. The content of organic matter was 7.4 mg/kg (with the potassium dichromate external heating method). The content of
NH4+-N was 11.49 mg/kg. The content of total potassium (Ktot) was 0.41 mg/kg. The content of total
phosphorus (Ptot) was 32.38 mg/kg. These indicators all used a continuous flow analyzer (Skalar,
Breda, Netherlands).

Treatment
No.

Fertilizer
type

Fertilizing
amounts/(kg/plant

CK

No fertilization
Compound
fertilizers
Special
compound fertilizers
for  (&#%$#)!
Abel
Special organic
fertilizers for 
(&#%$#)! Abel

0

FHF

ZFHF

ZYJF

0.4

0.6

2


-:-8415*:165 *5, +*3+;3*:165 6. 51:86/-5
+65:-5: *5, +;4;3*5:9 15,->-9 The whole 
(&#%$#)! Abel trees were dug out before the harvest
of fruit ripening stage (late October 2016). The
fruits, leaves, stems and roots were collected separately and brought back to the laboratory for fixation and drying. We dried and weighed dry mass.
We smashed, sifted and the nitrogen content of
each organ were determined. We used concentrated
H2SO4-H2O2 digestion and used the continuous
flow analyzer to determine the nitrogen content.
CNCO=NCO×DMO, CNCO was cumulants of nitrogen
content in organs, NCO was nitrogen content in organs, DMO was dry mass in organs.

#-9:4*:-81*39The “Ganwu” clones (&#%$
#)! Abel trees were provided by a company. The
test trees were planted for nine years and the
growth was consistent. The test materials were the
agricultural compound fertilizers which were purchased from the market. The total nutrient content
of NPK was 45%. And the N,P2O5,K2O content was
one-third of the total nutrient content. The NPK
nutrient content of the special compound fertilizers
for(&#%$#)! Abel was 30%, the ratio of N,P2O5,
K2O was 1:1:1. And we added borax, zinc sulfate,
lime and some other trace elements to it. The organic matter content of the special organic fertilizers
for (&#%$#)! Abel was 30%. The content of humic
acid was 20% and the content of NPK was 9%. The
ratio of N,P2O5, K2O was 1:1:1. Both fertilizers
were jointly developed by Jiangxi Agricultural
University (Nanchang, P.R. China) and Luyuan
Biological Engineering co. LTD (Nanchang, P.R.
China).

-:-8415*:165 6. ?1-3, 15,->-9 We investigated the blossom numbers in each(&#%$#)! Abel
trees in mid-to-end of October 2015. In early April
2016, we counted the bear fruit numbers for each 
(&#%$#)! Abel trees. In late October 2016, we counted up the bear fruit numbers for each  (&#%$#)!
Abel trees.
Rspf (%)=NbfA /Ntb, Rspf was single plant fruitset rate, Nbf was bear fruit numbers(April statistics),
Ntb was the total numbers of blossom.
Rfl (%)=Nbf O/ Ntb, Rfl was fruit landing rate,
Nbf O was bear fruit numbers(October statistics), Ntb
was the total numbers of blossom.

*3+;3*:165 4-:06, 6. 51:86/-5 ;:131@*:165
-..1+1-5+? PFPN (partial factor productivity from
applied N) (kg·kg-1) = YN/FN, YN was the yield of
grains obtained after applying nitrogen fertilizers,
FN represented the input of nitrogen fertilizers;
AEN (agronomic efficiency of applied N)
(kg·kg-1) = (YN −Y0)/FN, Y0 was the grain yield
without nitrogen fertilizers;
PEN (physiological efficiency of applied N)

#-9:,-91/5The total nutrient content of NPK
in the three kinds of fertilizers in the test design was
consistent. On the basis of soil test, four treatments
respectively are, a blank control and compound
fertilizers, the special compound fertilizers for 
(&#%$#)!Abel and the special organic fertilizers for
 (&#%$#)! Abel. Three blocks were randomly assigned, and five (&#%$#)! Abel trees were selected
for each treatment. Blocks and treatments were
equipped with isolation strips and isolated strains.
The test area was 0.13  0.20 ha. We adopted the
single-factor random block design. The test began
in 2013 and applied fertilizers in April and late October each year. Each fertilization dosage was 50%
of the annual fertilization dosage. Dig the half-
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(kg·kg-1) = (YN −Y0)/(UN −U0),UN was the accumulations of nitrogen in the above-ground plant of
applying nitrogen fertilizers zone, U0 was the accumulations of nitrogen in the above-ground plant
of the not applying nitrogen fertilizers zone;
REN (apparent recovery efficiency of applied
N) (%) =(UN-U0)/FN×100.
IEN (internal efficiency of applied N)
(kg·kg-1) = YN/ UN.
NHI (N harvest index) =FN/ UN, FN was fruit
nitrogen accumulation after applying nitrogen fertilizers.

*:*786+-9915/*5,*5*3?919Using the SAS
8.01 software package (SAS Institute Inc., Cary,
USA) for variance analysis, Duncan's new multiple
range test was used for multiple comparisons. Microsoft Office Excel 2010 was used to analyze data
and make up charts. Sigmaplot12.5 was a tool for
making figures.


!"$#"





!"  ! 

by 1.75 ~ 1.83 times than CK (Table 2). We could
known that the total accumulations of leaf nitrogen
content were significantly improved with the application of ZYFHF and ZYYJF. Each fertilization
treatment increased by 6.57%, 7.91% and 15.94%
than CK (Figure 1B), it was clear that the stem nitrogen content were significantly improved with the
application of ZYYJF. For accumulations of stem
nitrogen content, each fertilizer treatment increased
by 1.331.73 times than CK (Table 2). It was
showed that the total accumulations of stem nitrogen content were significantly improved with the
application of ZYYJF. The root test results were the
same as the stem’s (Figure 1C and Table 2). Each
fertilization treatments increased by 18.60%,
25.02% and 24.39% respectively than CK (Figure
1D). After applying ZYYJF, the nitrogen content of
fruit had been obviously improved. For accumulations of fruit nitrogen content, each fertilizer treatments increased by 1.451.78 times than CK (Table 2). Compared with other fertilizers, the application of ZYFHF could promote the accumulation of
fruit nitrogen. For plant total nitrogen accumulations, each fertilization treatments increased by
55.04%, 69.69% and 78.98% respectively than CK
(Table 2). It was showed that the accumulations of
plant total nitrogen absorption were significantly
improved with the application of ZYYJF.

1:86/-5 +65:-5:*5, *++;4;3*:1659 15,->
-9 Each treatment increased by 35.30%, 42.43%
and 33.53% respectively than CK (Figure 1A). Application of ZYFHF could significantly increase the
leaf nitrogen content. Between CK and the fertilization treatments, each fertilizer treatment increased

$! 
..-+:96.,1..-8-5:.-8:131@*:165:8-*:4-5:9:651:86/-5+65:-5:15,->-9
Means with the same letters were not significantly different in Duncan's new multiple range test at P=0.05. The same as below.
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# 
..-+:96.,1..-8-5:.-8:131@*:165:8-*:4-5:9:651:86/-5*++;4;3*:165915,->-94-*59A9-
Treatments
CK
FHF
ZYFHF
ZYYJF

ALNC (kg/ha)
34.48±1.81b
60.22±2.46a
63.00±0.90a
63.00±1.42a

ASNC (kg/ha)
20.76±0.28c
27.63±0.53b
28.82±0.17b
36.01±0.31a

ARNC (kg/ha)
1.73±0.06c
2.64±0.05b
3.08±0.15b
4.49±0.16a

AFNC (kg/ha)
22.19±0.43c
32.25±1.06b
39.44±1.88a
38.19±0.45a

PTNA (kg/ha)
79.17±1.93d
122.73±1.13c
134.34±2.26b
141.69±1.31a

The same superscript letters in the same column were not significantly different at P=0.05 with Duncan's new multiple range
test. the same as below. ALNC, ASNC, ARNC and AFNC respectively represented leaf, stem, root, fruit accumulations of
nitrogen content; PTNA was plant total nitrogen accumulations.

# 
%*81*5+-*5*3?9196.51:86/-5+65:-5:*5,*++;4;3*:165915,->-9*5,?1-3,15,->-9


LNC
SNC
RNC
FNC
ALNC
ASNC
ARNC
AFNC
PTNA
SPR
FLR
PDH

"$
3
3
3
3
3
3
3
3
3
3
3
3

Fertilization treatments
F
 

 
 
 
 
  

 

 
 

Blocks
P


























"$
2
2
2
2
2
2
2
2
2
2
2
2

F
4.02
0.10
1.55
4.30
0.86
0.10
0.35
2.67
2.47
3.99
2.19
0.94

P
0.078
0.906
0.287
0.069
0.471
0.904
0.716
0.148
0.165
0.079
0.193
0.441

Significant results were shown in italics. LNC, SNC, RNC and FNC respectively represented leaf, stem, root, fruit nitrogen
content.

$! 
..-+:96.,1..-8-5:.-8:131@*:165:8-*:4-5:9:6?1-3,


(1-3, 15,->-9 The single plant fruit-set rate
was on the rise during the treatments. FHF, ZYFHF
and ZYYJF increased 28.95%,49.89% and 75.36%
respectively than CK (Figure 2A). It was suggested
that ZYYJF could improve the single plant fruit-set
rate when we compared with the other fertilizers.
Each fertilizer treatment increased by1.341.78
times than CK (Figure 2B). We could easily conclude that there was a close relationship between
the improvement of fruit landing rate and the application of ZYYJF. Each treatment increased by
51.36%, 72.90% and 92.98% respectively than CK
(Figure 2C). We could clearly draw a conclusion
that ZYYJF could improve of yield of  (&#%$#)!
Abel trees when we compared with the other fertilizers. The table 3 showed that variance analysis
results of nitrogen content and accumulations indexes and yield indexes were very significant differences between fertilization treatments (P < 0.01),
there was no significant difference within the
blocks (P > 0.05). Yield indexes were significantly

positively correlated with nitrogen content and accumulations indexes (P < 0.01) (Table 5).

1:86/-5 ;:131@*:165 -..1+1-5+? 15,->-9 The
order of the means of each treatment was:
ZYYJF>ZYFHF>FHF. It reached 23.84 kg.kg-1
when applied to ZYYJF (Table 4). It was indicated
that ZYYJF could significantly increase the yield of
grain which produced by the nitrogen fertilizers in
the unit area. It reached 11.49 kg.kg-1 when applied
to ZYYJF (Table 4). It was indicated that ZYYJF
could significantly effect the grain yield of the
crops which increased by the unit nitrogen application. It reached 19.14 kg.kg-1 when applied to
ZYYJF (Table 4). The order of the means of each
treatments was: ZYYJF>ZYFHF>FHF. It was suggested that the application of ZYYJF could improve
the physiological efficiency of applied N. When
applying the ZYYJF, the maximum value was
59.76% (Table 4). It was indicated that ZYYJF
could improve the recycling efficiency of nitrogen
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# 
..-+:96.,1..-8-5:.-8:131@*:165:8-*:4-5:9:651:86/-5;:131@*:165-..1+1-5+?
Treatments
CK
FHF
ZYFHF
ZYYJF

PFPN (kg/kg)

AEN (kg/kg)

PEN (kg/kg)

REN (%)

IEN (kg/kg)

NHI

18.7b
21.36ab
23.84a

6.35b
9.01ab
11.49a

14.94a
16.79a
19.14a

42.66b
53.83a
59.76a

15.58a
16.28a
17.37a

0.27a
0.30a
0.28a


# 
*18=19-+688-3*:165+6-..1+1-5:9*465/*3315,->-9
Parameters
SPR
FLR
PDH
PFPN
AEN
PEN
REN
IEN
NHI

LNC
0.731**
0.771**
0.780**
-0.263
0.149
0.162
0.145
-0.484
0.013

SNC
0.870**
0.921**
0.848**
0.732*
0.556
0.291
0.753*
0.502
-0.108

RNC
0.949**
0.889**
0.869**
0.817**
0.824**
0.574
0.856**
0.594
-0.083

FNC
0.785**
0.753**
0.905**
0.464
0.109
-0.191
0.525
0.226
0.751*

ALNC
0.792**
0.824**
0.891**
0.358
0.590
0.470
0.577
0.056
-0.213

 

fertilizers that applied to soil. The application of
ZYYJF could improve the IEN index (Table 4). At
the same time, ZYFHF had a significant role in
improving the NHI index (Table 4). Nitrogen utilization efficiency indexes were positively correlated
with nitrogen content and accumulations indexes
(Table 5).


"$""

ASNC
0.940**
0.910**
0.930**
0.873**
0.708*
0.457
0.789*
0.737*
-0.018

ARNC
0.937**
0.882**
0.902**
0.877**
0.721*
0.426
0.868**
0.688*
0.012

AFNC
0.828**
0.819**
0.910**
0.637
0.412
0.192
0.654
0.400
0.843**

PTNA
0.885**
0.889**
0.954**
0.892**
0.780*
0.497
0.934**
0.603
0.295

and plant total nitrogen accumulations all respectively reached the maximum value of 3.18 g.kg1
,36.01 kg.hm-2,1.30 g.kg-1,4.49 kg.hm-2,12.66 g.kg1
,39.44 kg.hm-2,141.69 kg.hm-2. That told us that
the accumulations of nitrogen content in (&#%$#)!
Abel plant each organ and the accumulations of
nitrogen content in (&#%$#)! Abel plant could be
significantly promoted by the application of the
ZYYJF (Figure 1 and Table 2). The total amounts
of nitrogen absorbed from the plant came from nitrogen fertilizers and nitrogen in the soil[26].
Some studies have pointed out that crop
yields increased with the use of fertilizer [8]. The
figure 2 showed that when we applied to the
ZYYJF, the single plant fruit-set rate, fruit landing
rate and dry seeds yield respectively reached the
maximum value of 24.98 %,18.46 % and 2384.05
kg.hm-2. The results showed that ZYYJF had a significant effect to improve yields of  (&#%$#)!
Abel(Figure 2).The application of organic fertilizers
effectively enhanced crop yield[25].This was consistent with the results of our study.
The low AEN had become a grave threat to
the ecosystem [27]. The application of chemical
fertilizers had a significant effect on forestry
productivity. It showed that we need to improve the
utilization of fertilizers from the nutrient management of forestry [28]. PFPN is one of the most important indicators of crops, represents N inputs and
economic benefits [29]. It is an efficiency indicator
that converts nitrogen absorbed by crop plants into
crop yield [30]. The value of PFPN for rice crops
reached a range of 35.251.4 kg.kg–1. And REN
was above 36.0% [31]. So increasing nitrogen utilization efficiency in crop systems was a key issue
[32]. For the PFPN, AEN, PEN, REN and IEN,
when we applied to the ZYYJF. They respectively
reached the maximum value of 23.84kg.kg-1, 11.49
kg.kg-1, 19.14kg.kg-1, 59.76% and 17.37 kg.kg-1
(Table 4). It was indicated that the application of

Soil is a nutrient dense place, which can provide most of the nutrients for plant growth. At the
same time, the amounts of N in the plant are generally obtained from the soil. External N input is critical to meet soil N demand and improve crop
productivity [22]. It was reported that we should
focus on nitrogen fertilizers efficiency and the application of organic fertilizers [23]. Some scholars
have shown that the application of organic fertilizers was very necessary [24]. Because the organic
fertilizers effectively replenished organic nitrogen,
phosphorus and potassium in the soil, and released
fertilizer nutrition slowly [25]. According to the test
results, the analysis results were shown in the Figure 1 and Table 2. It could be seen that the leaf nitrogen content was the highest when we applied to
the ZYFHF, it reached a maximum value of 16.33
g.kg-1. It showed that the application of the ZYFHF
could significantly promote the accumulations of
leaf nitrogen content. The accumulations of leaf
nitrogen content was at the same level when we
applied to the ZYFHF and the ZYYJF. The total
accumulations of leaf nitrogen content in plant
could be improved significantly by the application
of the ZYFHF and the ZYYJF. When we applied to
the ZYYJF, the stem nitrogen content, accumulations of stem nitrogen content, root nitrogen content,
accumulations of root nitrogen content, fruit nitrogen content, accumulations of fruit nitrogen content
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ZYYJF played a significant role in improving the
nitrogen utilization efficiency of  (&#%$#)! Abel
(Table 4). For the NHI, it reached the maximum
value of 0.30 when we applied ZYFHF (Table 4).
The application of organic fertilizers effectively
enhanced the fertilizer utilization efficiency of crop
[25]. This was similar to the results of our study.
We explored and developed the best effect of fertilization to improve crop yield, maintain soil fertility, reduce environmental pollution, and improve the
efficiency of fertilizer use [33].
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According to the test data, we could conclude
that the ZYFHF and the ZYYJF had an influence
on the nitrogen content and cumulants of each organ of (&#%$#)! Abel plant, but the effect of the
ZYYJF was more significant. The application of the
ZYYJF could significantly increase the single plant
fruit-set rate, fruit landing rate and dry seeds yield,
the ZYYJF had obvious effect on the improvement
of the yield. The use of the ZYYJF was more efficient to increase nitrogen utilization efficiency than
other fertilizers. In the process of production and
operation of  (&#%$#)! Abel, we recommend the
application of special organic fertilizer for (&#%$
#)! Abel (ZYYJF).
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adult zebrafish [10]; SiO2 NPs effects on zebrafish
[11], ZnO NPs effects on zebrafish embryos [12].
The  toxic effects of some chemicals on spermatozoon of fish species have done such as cypermethrin on spermatozoon of     
[13], nonylphenol, propranolol and diethylstilbestrol
on spermatozoon of       [14], cadmium on spermatozoon of zebrafish [15]. At the
studies of  effects of some chemicals on spermatozoon, it is recommended that the determining
motility characteristics of spermatozoon are performed with the computer assisted sperm analysis
systems (CASA) to get success [16,17]. The studies
of   sperm toxicity are quite new and especially no studies on the toxicological effects of SiO2
nanomaterials on fish spermatozoon have been
found. Besides all these, the use and effectiveness of
nanoparticles have being increased rapidly.
So, this study aimed to investigate  effects of different concentrations (1, 10, 25, 50 and
100 mg/L) of SiO2 NPs on     
spermatozoon. The values of motility parameters
such as VSL (μm/s), VCL (μm/s), VAP (μm/s), LIN;
linearity (%), BCF (Hz), ALH (μm) and MAD (o)
[16] are examined in the study.

In recent years, silicon dioxide (SiO2) nanoparticles (NPs) have widely used in industry, personal
care products, cosmetics, construction, catalysis,
dyes (pigments) and pharmaceutical applications.
This use of nano-SiO2 has been associated with environmental toxicity concerns. Therefore, the aim of
this study was to evaluate the effect of SiO2 NPs on
the motility parameters of     
spermatozoon. Afterwards, Sperm samples were incubated with different concentrations of SiO2 NPs (1,
10, 25, 50 and 100 mg/L) at 4oC for 3 h. According
to the obtained results, there were statistically significant ( < 0.05) differences in VSL (μm/s), VAP
(μm/s), BCF (Hz) and MAD (o) values, while there
was no significant difference ( > 0.05) in VCL
(μm/s), LIN (%) and ALH (μm) values in spermatozoon motility against SiO2 NPs exposures at different concentrations. As a result, especially 100 mg/L
concentration of SiO2 NPs has negative effects on
rainbow trout (   ) spermatozoon
in terms of sperm motility.


#" 
Silicon dioxide, nanoparticles, rainbow trout, spermatozoon motility, reproduction
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Rainbow trout (    ) males (2
years old, 750±60 g) maintained in the hatchery station at a commercial farm, Malatya, Turkey. Sperm
samples were obtained in December, 2018. Stripping
was performed by massage from the front to back of
the fish abdomen without anesthesia. SiO2 (~50-60
nm) nanoparticles was provided from İnönü University, Science Faculty, Department of Chemistry,
Physico Chemistry laboratory, Turkey. Fresh sperm
samples were diluted at ratio 1:100 with nonactivation solution (NAS) (NaCl, 103 mmol/l; KCl, 40
mmol/l; CaCl2, 1 mmol/l; MgSO4, 0.8 mmol/l;
Hepes, 20 mmol/l; pH 7.8) [18] was prepared by as
a stock solution. Exposure of SiO2 NPs was carried
out on sperm pooled taken from 6 individual of fish.
The pooled and diluted sample was to obtain a sperm
density about 9 × 108 cells/mL. The sperm sub-samples were exposed with nominal concentrations such



 ! 
The industrial use of silicon (SiO2) nanoparticles (NPs) has increased over the past decade and
widely used in construction, catalysis, dyes (pigments) and cosmetics [1]. While the SiO2 NPs are
recognized by the OECD as a nanomaterial with
commercial designation, the European Commission
has invited safety assessment of the increased use of
silica in very high quantities, especially in cosmetics
[2].   methods have provided considerable
methods of application to compare the toxicity levels
of environmental pollutants, to determine the mechanisms, exposure times, concentrations and areas of
action of pollutants [3].
There are many reviews recently on nanoparticles [4–7] and studies such as TiO2 NPs effects on
    [8], zebrafish embryos [9] and
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SiO2 NPs (Fig. 1).
In the literatures, there are some studies about
toxicity of nanoparticles. At a study, it was studied
toxicological effects of SiO2 NPs with different sizes
in zebra fishes. They determined that the concentrations of 2.5 and 5 mg/L of SiO2 NPs affected as statically significant changes ( < 0.05) some antioxidant systems (SOD, GST, GR and GSH) of liver,
muscle and gill tissues [11]. Other study was investigated to the effect of ZnO NPs on zebrafish embryos. Finally, the SOD activities (in 1, 5, 10, 20 and
50 mg/L) and MDA levels (in 20, 50, 100 mg/L) was
exchanged significantly ( < 0.05) in zebrafish larvae against different concentrations of ZnO NPs
[12]. At other study, it was investigated that the effects of sub lethal toxic on zebrafish embryos exposed to TiO2 NPs. They were determined that TiO2
NPs at 1 mg/L concentration caused hazardous effects on growing of the cells as well as low biological
activity [9]. In a study, some researchers studied a 5day toxicity of TiO2 (1, 2 and 4 mg/L) nanoparticles
on zebrafishes. They determined spermatogenic cells
were negatively affected with increasing concentrations of TiO2 NPs, [10].
At studies about  toxicology of spermatozoon, some researchers investigated to 10 min., 
 toxicity of cadminium on zebrafish spermatozoon. They determined that the values of VSL, VCL
and VAP were significant (p < 0.05) decreases at
concentrations of 5 and 10 μg/L [15]. At other study,
it was investigated toxicological effects of Cypermethrin at concentrations of 1.025, 2.05 and 4.1 μg/L
on     spermatozoon after 
2 h incubation. The end of study, they determined
that spermatozoon motility decreased significantly
( < 0.05) [13]. In a study, it was studied about toxicological effects of nonylphenol (1, 5, 10, 25 μM),
propranolol (10, 25, 50, 100 μM) and diethylstilbestrol (10, 50, 100, 200 μM) on      
spermatozoon at 1 h They found that spermatozoon motility and speed were decrease at all
concentrations of all toxicants [14]. Ozgur and his
friends investigated about ZnO NPs (0.001, 0.01,
0.1, 0.5, 1 mg/L)  , 4 h effects on 
 spermatozoon. They found that the values of
VSL, VCL and VAP decreased significantly ( <
0.05) [19].
Finally, our results were in parallel with the results of working on the effects of chemicals on spermatozoon [14–16, 19]. We determined that the spermatozoon of rainbow trout is sensitive after 100
mg/L of SiO2 NPs after  3 h incubation. According to our results, the motility values of rainbow
trout spermatozoon affected negatively to exposures
of SiO2 NPs. But it is needed to further studies such
as fertilization, influence of antioxidant activities
and etc. In conclusion, we recommended that the
studies of reproductive toxicology on rainbow trout
spermatozoon should be increased for better understanding to the effects of SiO2 and other NPs.

as 1, 10, 25, 50 ve 100 mg/L of SiO2 NPs at 4 °C for
3 h. The sperm samples exposure SiO2 NPs were activated under microscope to determine the parameters of spermatozoon motility with activation solution (AS) (NaHCO3, 60 mmol/L; Tris, 50 mmol/L;
pH 9) [18] at ratio 1:20.
3)40%62<221 026-/-6; All sperm samples
were kept on ice during the procedure. After 3 h, the
samples were taken and examined under Olympus
CX31 microscope with 200x magnification lens and
Sony CCD camera with 30 fbs were used to video of
sperm samples. Spermatozoon motility parameters
such as VSL (μm/s), VCL (μm/s), VAP (μm/s), LIN
(%, VSL/VCL*100), BCF (Hz), ALH (μm) and
MAD (°) were carried out by the computer assisted
sperm analysis systems, BASA Sperm Aqua, produced by Merk Biotechnology Ltd. Co. in Turkey.
6%6-56-'5 %1%/;5-5 Descriptive analysis
(Mean±SD, p < 0.05) and one-way ANOVA testTukey HSD was used between groups after homogeneity of each group was tested through Test of Homogeneity of Variance. Normality test was performed between the data in the SPSS 17 program.
Graph Pad Prism 5 was used to create graphics.
! !
In this study, we carried out to determine the
values of motility parameters such as VSL; straight
line velocity (μm/s), VCL; curvilinear velocity
(μm/s), VAP; angular path velocity (μm/s), LIN; linearity (%), VSL/VCL*100, BCF; beat cross frequency (cross/second) (Hz), ALH; amplitude of lateral displacement of the spermatozoon head (μm)
and MAD; mean angular displacement (o) [16]. All
motility parameters against different concentrations
(1, 10, 25, 50 ve 100 mg/L) of SiO2 NPs after 
or 3 h were shown in Table 1. We determined that
increases and decreases due to the exchanges of SiO2
NPs dose were statistically significant (< 0.05) in
the VSL, VAP, BCF and MAD values. The VSL values were sudden increase with increasing SiO2 concentration and then tended to decrease at 100 mg/L.
SiO2 NPs (100 mg/L) showed a negative effect with
a sudden decrease. The VAP values were exchanged
against increase concentrations of SiO2 NPs but at
100 mg/L it was not significant different as control
group. The MAD values were statistically significant
( < 0.05) decrease against increased concentrations
of SiO2 NPs and the lowest decrease was again in 100
m/L concentration. While of the BCF value was decrease until 50 mg/L, the highest of values was a sudden increase at 100 mg/L of SiO2 NPs. The changes
in the VCL, LIN and ALH values due to SiO2 NPs
exposure were statistically insignificant ( > 0.05).
The lowest of values was observed at 100 mg/L of
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)5'4-36-8)2*026-/-6;8%/7)5)%1=%6(-**)4)16'21')164%6-2152*-5
Parameters
Control
1 mg/L
10 mg/L
25 mg/L
VSL (µm/s)
25.28±4.55ab
32.56±5.00ab
37.58±8.44b
35.30±11.79b
VCL (µm/s)
125.51±12.77
127.06±10.40
135.99±4.91
126.00±14.50
VAP (µm/s)
56.50±11.55a
64.82±3.40ab
71.32±3.90b
65.27±4.71ab
LIN (%)
20.02±2.16
25.79±4.59
27.65±6.30
28.38±9.99
BCF (Hz)
6.75±1.24ab
4.57±1.70a
3.64±0.56a
3.94±1.29a
ALH (µm)
26.90±6.93
36.99±12.34
47.76±8.92
34.29±8.33
MAD (°)
0.05±0.01b
0.04±0.01ab
0.03±0.01ab
0.03±0.01ab
a,b,c
*Different letters as
show differences between groups (< 0.05), N=6


ab



a





b

b





 

ab

100 mg/L
18.82±5.72a
119.86±18.08
59.91±15.49a
16.63±3.90
9.78±3.07b
29.20±12.34
0.03±0.01a



b



50 mg/L
35.08±13.39b
130.76±13.24
67.18±3.72ab
27.24±11.42
5.43±2.29a
41.75±20.64
0.03±0.01a
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‘Starking Delicious’ apple variety is cultivated
extensively in Turkey and specifically at the IspartaEğirdir and Denizli-Çivril regions. Sometimes, fruit
peel color is not attractive in this cultivar leading to
low market value. Hence, the primary aim of this research was to improve the fruit peel color of
‘Starking Delicious’ apples. For this purpose, different dosages (0, 100, 150 and 200 ppm) of Prohydrojasmon were applied to 21 days before anticipated
harvest sprays and following that after 7 days sprays
for apples in two locations (Eğirdir-Çivril). In this
study, yield (kg/tree), pre-harvest drop (%) and some
fruit quality parameters [fruit width (mm), fruit
length (mm), fruit weight (g), fruit flesh firmness
(N), solible solids content (SSC, %), titratable acidity (TA, %), fruit peel color (L*, a*, b*, C*, h°) were
assessed for per treatments. Prohydrojasmon applications, especially in the fruit of the fruit color expressing redness a* value was determined to be increase. In this application which is especially examined fruit peel color formation, a* value and C* values (determine of concentration of a values) are
found the most in 150 and 200 ppm Prohydrojasmon
application. It is believed that without any negative
effect both in fruit yield, pre-harvest drop and fruit
size, fruit flesh firmness, using 150 or 200 ppm of
Prohydrojasmon which has positive effect on fruit
peel color can be proper in Eğirdir and Çivril locations.



production takes place in Isparta (32%), Antalya
(20%), Karaman (22%), Niğde (14%), Denizli
(12%), Kayseri, Çanakkale, Mersin, Konya and
Kahramanmaraş [1]. Despite the fact that apple production in our country is rapidly increasing day by
day, there are still problems with efficiency and especially with quality. One of the most important
problems that cause the quality to fall is that it is not
possible to achieve a homogeneous coloring characteristic of the variety. Failure to provide good coloring; reduce the fruit's attractiveness, market value
and quality and in this way, the producers are economic damaged. Fruit color is an important commercial criterion for marketing red apple varieties [2, 3].
The consumer wants a homogeneous coloring and
fruit size in an excellent quality apple. Therefore, an
apple showing homogeneous coloration finds recipients at the best price on the market [4, 5]. In order
to obtain a homogenous distribution of fruit color, it
is necessary to pay careful attention to selection of
varieties, between rows and distances, pruning, fruit
thinning and excessive fertilization [6]. In addition,
factors such as nutrients, temperature, and light play
a role in determining the level of activity of pigments
that are effective in coloring the fruit [7, 5]. In addition, coloration increases with increasing day and
night temperature differences [8]. Growers can increase coloration in fruits using mulch and aluminum foil [9]. Even if all the cultural practices mentioned above are fulfilled, it seems that some varieties do not reach the desired coloring at harvest time.
For this purpose, some plant growth regulators are
used as an effective tool in the elderly to increase
coloring [10]. It has been reported that jasmonates
(jasmonic acid and methyl jasmonate) as well as ethylene are effective on fruit coloration in apples [2,
11]. Saniewski et al. (1987) [12] found that exogenous jasmonates increased ethylene production, accelerating fruit ripening and chlorophyll breakdown
by β-carotene synthesis. Methyl jasmonate (MeJA)
has been reported by several researchers to increase
the content of anthocyanins in plants [13, 14, 3]. Indeed, the red coloration in apples is associated with
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Fruit quality, pre-harvest drop, fruit yield, fruit size, apple
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Apple is among the indispensable fruit of our
tables; sweet, crisp, aroma depending on the cultivar,
attractiveness and long shelf life. Although it is produced in almost all regions in Turkey, most of its
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anthocyanins, carotenoids, chlorophyll and flavanols. However, the most important compound for
red coloration is anthocyanins [15]. Inadequate coloration in the fruit peel is due to the high chlorophyll
content, low anthocyanin in the fruit peel [16].
'Starking Delicious' apple variety is produced
in a great deal of quantities in our country and especially around the district of Eğirdir-Isparta and Çivril
Denizli and there can be problems in the color formation of this variety from time to time. For this reason, this study was conducted to determine the effects of different doses of Prohydrojasmon (FAL
1820) plant growth regulator in order to obtain more
homogeneous coloring and more red colored fruits
in the 'Starking Delicious' apple variety.

Accordingly, drop ratios were determined as % at the
end of calculations.
Harvested fruit was transported to the Fruit Research Institute Laboratory in the Horticulture Department. The measurement of twenty fruits were determined using digital calipers for fruit width (mm),
fruit length (mm). Fruit weight was measured by digital scale sensitive to 0.01 g. The flesh firmness (N)
was determined by using texture analyser (Lyoyd Instruments LF Plus) incorporating an 11 mm diameter
prob. Soluble solids content (SSC) [digital refractometer (Palette PR-32 Atago)] were measured. Titratable acidity (TA) were determined by using automatic titrator (Mettler Toledo T50). Fruit is crushed
with the aid of solid fruit and 5 mL of the obtained
fruit juice is taken and completed with 50 mL of pure
water. Samples were titrated with 0.1 N NaOH to pH
8.1 with an automated titrator and the amount of acid
was determined as % of malic acid. The fruit color
was determined with a colorimeter (Model CR-300,
Minolta) using the L*, a*, b*, C, h° scale. The fruit
color was measured on both sides of fruit to determine its ground colour and the red exposed area.
Therefore, four measurements were done for each
fruit. Observation-based red color formation was
also determined. Observation-based red color formation was performed on a scale of 1%-100%. The
scoring panel was adopted, with the most red fruit
group being %100 points and the lightest fruit group
being %1 point. The panel was made between 5 people.
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The trial was carried out in a special producer garden
in the village of Serpil in the district of EğirdirIsparta and Çivril-Denizli in 2016-2017. The first
trial orchard is located in the 37°45'6.74" north,
30°53'6.84" eastern coordinates and in the Boğazova
valley extending between the Egirdir lake with 935
m altitude and the Kovada lake (Eğirdir location).
The second orchard is located 37°45'6.74" north,
30°53'6.84" eastern coordinates with 935 m altitude
(Çivril location). Uniform 18-years-old apple trees
of the ‘Starking Delicious’, grafted on seedling rootstock in the two experiment orchards (Çivril and
Eğirdir locations). In experiments, different doses of
Prohydrojasmon [FAL1820 (Sumitomo, Turkey)]
growth regulator were used as colorimetric enhancer.
Treatments of Prohydrojasmon (100, 150, 200
ppm) were applied 21 days before anticipated harvest single sprays and following that after 14 days
two sprays for ‘Starking Delicious’. Trees which
have no application are used as a control group. Prohydrojasmon doses of 50 g/L (FAL1820-Sumitomo,
Turkey) were calculated from the effective substance of the commercial formulation used. All the
spray solutions contained ‘Spur’ as a surfactant [0.02
%, v/v (Sumitomo, Turkey)]. Applications were
made by spraying with a low presure hand sprayer
on both the fruits and leaves of pre-determined
healthy trees.

%>+>3=>3-+6 +8+6C=3= 90 </=?6>= The experiments were set up according to the Split Plot experimental design with 5 replications, and assigned to
one tree at each replication with each plot having 20
apple fruits. The obtained data were evaluated statistically according to variance analysis technique in
SPPS 18 packet program (V.18; Statistical software,
SPSS. Inc., USA). The differences among means
were analyzed by Duncan’s multiple range test at
P<0.05 of significance.
$%'&%

00/->90"<92C.<94+=79898>2/0<?3>C3/6.
+8.:</2+<@/=>.<9:As a result of the analysis of
variance, the effect of application on yield and preharvest drop were not statistically significant
(P<0.05) either in both years and two locations (Table 1, 2). It was determined that Prohydrojasmon applications did not affect fruit yield and pre-harvest
drop, and that especially there was no decrease in
yield and no increase in pre-harvest drop when applied, that is, no negative effect.

==/==7/8>90*3/6.<?3>;?+63>CThe fruits
were harvested at the commercial stage of maturity.
The yield was determined at harvest as per tree kg.
For determine the pre-harvest drop rate, trees have
been completely cleaned in order to make it easy to
count the fruits that will be dropped before the applications. Then, the fruit that has been dropped 3 times
until the harvest time is counted and weighed. At the
time of harvest, all the trees were harvested and the
fruits were individually counted and weighed.

00/->90"<92C.<94+=79898>2/0<?3>;?+6
3>CIn the first and second years of the both experiment locations, the effect of Prohydrojasmon on fruit
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width, height and weight were not statistically sigstatistically significant at 5% level in the first year
nificant (Table 3, 4). In Eğirdir location, the highest
but not in the second year (Table 5). The application
value for fruit weight (205.68 g-first year, 208.58gwith the highest fruit firmness was obtained from apsecond year) was determined at 150 ppm dosage of
plication of 200 ppm dosage with 90.94 N. Although
Prohydrojasmon application. Fruit weight was
the 150 ppm dosage was found to slightly reduce the
higher in the other doses of Prohydrojasmon than in
fruit firmness compared to the control every two exthe control group (Table 3). In Çivril location, fruit
periment years, it was statistically in the same group
weight increased with the applications in the first
as the control group in first year. In Çivril location,
year and decreased with the applications in the secProhydrojasmon on fruit firmness were not statistiond year. However, the effect of this increase and
cally significant (Table 6). The 150 ppm application
decrease is not significant. In the first year, the heavfound fruit firmness slightly reduced in the first year
iest fruits were observed at 100 ppm dosage (213.51
in this location, but increased in the second year, but
g) and in the second year control fruits (250.57 g). 
these increases and decreases were not significant
In Eğirdir experiment location, the effect of
Prohydrojasmon on fruit firmness was found to be


& 
&2//00/->90"<92C.<94+=798.9=+1/98C3/6.+8.:</2+<@/=>.<9:<+>/38>2/F%>+<5381/63-39?=G+::6/
-?6>3@+<J3<.3<69-+>398
Prohydrojasmon
(ppm)
0
100
150
200
P values

First Year
265
263
260
269
0.956

Yield (kg/tree)
Second Year
248
294
256
286
0.267

Pre-harvest drop rate (%)
First Year
Second Year
5.13
5.70
4.75
4.18
5.45
5.75
4.84
4.73
0.962
0.598

& 
&2//00/->90"<92C.<94+=798.9=+1/98C3/6.+8.:</2+<@/=>.<9:<+>/38>2/F%>+<5381/63-39?=G+::6/
-?6>3@+<E3@<3669-+>398
Prohydrojasmon
(ppm)
0
100
150
200
P values

First Year
302
261
259
251
0.078

Yield (kg/tree)
Second Year
182
181
159
151
0.612

Pre-harvest drop rate (%)
First Year
Second Year
19.96
19.34
19.72
17.08
19.29
16.75
19.51
14.63
0.547
0.357


& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>A3.>20<?3>6/81>2+8.0<?3>A/312>38>2/
F%>+<5381/63-39?=G+::6/-?6>3@+<J3<.3<69-+>398
Prohydrojasmon
(ppm)
0
100
150
200
P values

Fruit width (mm)
First Year
Second Year
73.50
74.61
73.44
75.70
74.77
76.01
75.22
75.05
0.569
0.557

Fruit length (mm)
First Year
Second Year
72.43
74.84
75.23
73.99
75.74
75.23
74.01
74.49
0.131
0.825

Fruit weight (g)
First Year
Second Year
186.08
200.08
195.89
201.21
205.68
208.58
197.21
201.47
0.263
0.676

& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>A3.>20<?3>6/81>2+8.0<?3>A/312>38>2/
F%>+<5381/63-39?=G+::6/-?6>3@+<E3@<3669-+>398
Prohydrojasmon
(ppm)
0
100
150
200
P values

Fruit width (mm)
First Year
Second Year
76.24
80.13
78.85
80.36
77.42
79.38
76.61
79.63
0.428
0.934

Fruit length (mm)
First Year
Second Year
72.29
78.34
72.30
78.28
74.09
76.35
72.36
76.59
0.523
0.828
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Fruit weight (g)
First Year
Second Year
201.00
250.57
213.51
245.58
213.30
238.45
202.36
237.87
0.532
0.871
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(Table 6). For SSC and TA characteristics, the highlocation, the effect of the application on the ground
color (L *, a *, b *, C *, h °) was statistically signifest values were determined to be in control fruits and
icant (P <0.05) (Table 8). The control fruits had the
the values of these properties decreased with applihighest values in terms of L * (64.96), b * (33.52)
cations. However, this decrease is not statistically
and h ° (84.56), while the a * value was the lowest
significant either in both years and two locations
(2.33). It was seen that the a * value expressing red(Table 5, 6).
When we look at the ground color values of the
ness was increased by applications as in the first
fruits (L*, a*, b*, C*, h°) in Eğirdir location (first
year, and L * and h ° values were decreased. The
year); only the a* and h° values of the applications
lowest b * (28.14) and C * (32.52) values were found
were statistically significant (P<0.05). L*, b* and C*
in 100 ppm dosage and the difference in these values
values were not statistically significant (Table 7). It
was found statistically significant (Table 8).
was determined that a* values expressing redness
In Çivril location, it was found that there was a
were increased with Prohydrojasmon and high valdifference between all the other color values except
ues were observed at 150 ppm (17.82) and 200 ppm
for C * value in terms of ground color values in both
(17.57) dosage while the lowest value was found in
years and this difference was statistically significant
control group (9.02). It was determined that the h°
(P <0.05) (Table 9, 10). In both years, L *, b *, h °
values, which determine the change of the fruit
values decreased with the application and the a *
ground color from green to yellow, decreased with
value increased with the control group. When the apthe applications, and the decreased were found at
plication with the lowest b * [27.85(first year), 29.44
150 ppm (52.71) and 200 ppm (53.76) dosage Pro(second year)] and h° [69.17 (first year), 72.28 (sechydrojasmon applications. It was determined that the
ond year)] were obtained from the application of 200
control fruits had the highest h° value with 70.00 and
ppm doses, the highest a * values (10.02 (first year),
thus the green-yellow change was less in control
9.22 (second year)] (Table 9, 10).
fruits (Table 7). In the second year of Eğirdir


& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>03<78/==%%+8.&38>2/F%>+<5381/63-39?=G+::6/-?6
>3@+<J3<.3<69-+>398
Prohydrojasmon
(ppm)
0
100
150
200
P values

Fruit firmness (N)
First Year
Second Year
78.73b
72.16
82.36ab
74.38
76.99b
70.50
90.94a
72.85
0.047
0.184

SSC (%)
First Year
Second Year
13.46
12.98
13.28
12.92
13.44
12.16
13.04
12.76
0.766
0.147

First Year
0.25
0.20
0.23
0.24
0.217

TA (%)
Second Year
0.32
0.29
0.31
0.30
0.184

a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).
&
&2/00/->90"<92C.<94+=798.9=+1/980<?3>03<78/==%%+8.&38>2/F%>+<5381/63-39?=G+::6/-?6
>3@+<E3@<3669-+>398
Fruit firmness (N)
SSC (%)
Prohydrojasmon
(ppm)
First Year
Second Year
First Year
Second Year
0
66.04
69.19
12.76
13.42
100
67.38
66.99
12.64
13.36
150
65.82
72.01
11.94
13.40
200
66.66
66.83
12.72
13.26
P values
0.756
0.087
0.248
0.985
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

First Year
0.24
0.24
0.24
0.27
0.112

TA (%)
Second Year
0.35
0.44
0.33
0.31
0.159


&
&2/00/->90"<92C.<94+=798.9=+1/980<?3>1<9?8.-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
J3<.3<69-+>39803<=>C/+<
Prohydrojasmon (ppm)
L*
a*
b*
0
59.57
9.02b*
25.75
100
56.42
14.35ab
23.94
150
54.34
17.82a
22.44
200
56.44
17.57a
22.76
P values
0.069
0.046
0.076
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).
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C*
28.96
29.18
30.48
30.94
0.091

h°
70.00a*
59.52ab
52.71b
53.76b
0.050

$#

! % 

 







!"  ! 


&
&2/00/->90"<92C.<94+=798.9=+1/980<?3>1<9?8.-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
J3<.3<69-+>398=/-98.C/+<
Prohydrojasmon (ppm)
L*
a*
b*
0
64.94a
2.33b
33.52a
100
60.86ab
10.96a
28.14c
150
60.23ab
10.60a
32.38ab
200
57.49b
16.03a
29.41bc
P values
0.030
0.012
0.018
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

C*
35.26a
32.52b
36.37a
35.79a
0.000

h°
84.56a
68.28b
71.40ab
61.86b
0.016

&
&2/00/->90"<92C.<94+=798.9=+1/980<?3>1<9?8.-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
E3@<3669-+>39803<=>C/+<
Prohydrojasmon (ppm)
L*
a*
b*
0
69.46a
1.02c
30.90a
100
64.49ab
8.16a
28.17ab
150
68.72a
5.35b
29.45ab
200
65.52ab
10.02a
27.58b
P values
0.025
0.010
0.030
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

C*
31.75
31.48
30.49
30.12
0.117

h°
88.45a
70.01b
81.00a
69.17b
0.012

& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>1<9?8.-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
E3@<3669-+>398=/-98.C/+<
Prohydrojasmon (ppm)
L*
a*
b*
0
71.59a
-0.66c
32.90a
100
65.70b
7.17ab
30.97ab
150
71.22a
3.35bc
31.74a
200
66.02b
9.22a
29.44b
P values
0.001
0.002
0.010
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

We also examined the effects of Prohydrojasmon applications on the fruit top color values (L*,
a*, b*, C*, h°) were found to be statistically significant (P<0.05) in Eğirdir location, both of the years
(Table 11, 12). Also, top color formation in the observational scoring although significant in terms of
statistics the highest score was determined with %72
(first year) and %93 (second year) on 200 ppm dosage of Prohydrojasmon application (Table 11, 12).
In both years, L *, b * and h ° values decreased with
aplications, while a * and C * values increased. In
the first year, the application with the highest values
of a * (33.50) and C * (37.60) was obtained from the
150 ppm dosage while the second year was obtained
from the 200 ppm dosage [a* (32.76), C* (39.27)].
In Çivril location, all color values were statistically significant in the first year in the analysis of
variance, whereas only C * value was not significant
in the second year. Similar to Egirdir location, L *, b
* and h ° values were found to decrease with application and control fruites had the highest values (Table 13, 14). In a * values, the least value control fruit
was taken and applications a * values were increased. The 200 ppm Prohydrojasmon application
had the highest value every two years (30.61, first
year; 30.58, second year). When we look at the C *

C*
33.83
33.05
32.89
32.24
0.145

h°
90.02a
76.50bc
83.33ab
72.28c
0.003

values, it has been found that although the increase
in the first year was determined by the applications,
it decreased in the second year but it was determined
that this decrease was not significant. In observational upper color formation, 200 ppm application
was found to have the highest values (75%, first
year; 77% second year) in every two years.


%'%%! %
Some researchers [12] report that Jasmonates
are associated with ethylene, and some researchers
[13, 14] report that they are not ethylene-related,
suggesting that Jasmonates encourage coloring independently of ethylene. In our study, in both the
Eğirdir and Çivril locations, it was determined that
Pyrohyrojasmon applications did not adversely affect fruit yield and pre-harvest drop and Prohydrojasmon treatments did not increase the fruit pre-harvest. For this reason, our results support that
Jasmonates are not directly related to ethylene. Indeed, ethylene is a maturation hormone. It has been
found that the applications do not have a negative
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& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>>9:-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
J3<.3<69-+>39803<=>C/+<
Prohydrojasmon (ppm)
L*
a*
b*
C*
h°
0
45.32a*
28.70b
20.16a
35.68b
35.47a
100
37.55b
32.62a
16.77b
36.90a
27.14b
150
36.44b
33.50a
16.80b
37.60a
26.40b
200
38.03b
33.02a
17.38b
37.48a
27.71b
P values
0.000
0.000
0.016
0.037
0.001
a-b; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

Observational score (%)
42c
58b
68ab
72a
0.089

& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>>9:-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
J3<.3<69-+>398=/-98.C/+<
Prohydrojasmon (ppm)
L*
a*
b*
C*
h°
0
41.61a
29.59b
19.33a
37.97b
30.69a
100
40.96a
29.84b
14.31c
38.55a
26.40b
150
36.63b
32.68a
16.90b
38.88a
27.17b
200
35.42b
32.76a
15.44bc
39.27a
25.10b
P values
0.000
0.001
0.000
0.001
0.011
a-c; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

Observational score (%)
67c
82b
87ab
93a
0.000

& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>>9:-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
E3@<3669-+>39803<=>C/+<
Prohydrojasmon (ppm)
L*
a*
b*
C*
h°
0
50.47a
23.48b
24.10a
35.36b
47.32a
100
38.89c
32.47a
19.32b
38.32a
31.26b
150
41.49bc
32.11a
20.70ab
38.58a
33.23b
200
43.52b
30.61a
21.97a
38.61a
36.81b
P values
0.000
0.002
0.002
0.011
0.001
a-c; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

Observational score (%)
50c
67b
70b
75a
0.000

& 
&2/00/->90"<92C.<94+=798.9=+1/980<?3>>9:-969<38>2/F%>+<5381/63-39?=G+::6/-?6>3@+<
E3@<3669-+>398=/-98.C/+<
Prohydrojasmon (ppm)
L*
a*
b*
C*
h°
0
49.90a
28.86b
20.97a
36.00
36.46a
100
41.77c
30.34ab
17.12b
34.99
29.37b
150
44.68b
29.89ab
17.15b
34.94
30.01b
200
41.91c
30.58a
15.21c
34.23
26.29b
P values
0.000
0.551
0.000
0.237
0.001
a-c; Means followed by the same letters are not statistically significant (Duncan, P<0.05).

effect on the fruit weight, and are even heavier than
the control fruits of these applications in generally in
very two locations. Fruit weight and fruit firmness,
which is important parameters in terms of fruit quality characteristics, has been revealed once again by
this study in which there is no negative effect of the
applications, in both the Eğirdir and Çivril locations.
Rudell et al. (2005) [3] reported that, in the study
they performed on the 'Fuji' apple, the increasing
doses of MeJA, the average fruit size and weight
were negatively affected. On the other hand, Öztürk
(2012) [13] pointed out that the difference in fruit
weight was caused by different application MEJA
dosages. Similar to our results, Rudell et al. (2005)
[3] and Altuntas et al. (2012) [18] found that the
flesh firmness increased linearly with increasing
MeJA dosage. It was determined that

Observational score (%)
52c
68b
73ab
77a
0.000

Prohydrojasmon applications did not adversely affect firmness and even 100 and 200 ppm dosages
were increased.
In general at both locations, we look at the findings of the fruit color formation; it can be said that
the highest fruit top color formation is obtained from
150 and 200 ppm dosages. It was determined that
Prohydrojasmon applications increased the a* value
which express the redness of the both on the fruit
ground color and on the fruit top color. Especially in
this experiment which the formation of top color was
examined; the determination of the a* values and the
C* values, which determine the intensity of this a*
value, at maximum 150 ppm and 200 ppm dosages
proved to us the result of this experiment. Prohydrojasmon treatments decreased L* and h° values of
blush faces of fruits compared to control fruits.
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Whale et al. (2008) [19] reported that L* and h° values decrease in the apples with higher proportion of
red blush. Similar results were reported by different
studies [3, 20, 18, 21, 22]. Likewise, Saniewski et al.
(1987) [12] stated that exogenous jasmonates increased ethylene production, promoting climacteric
fruit ripening, thereby accelerating β-carotene synthesis and chlorophyll breakdown, resulting in increased red coloration. It is indicated that coloring
with increasing dosages of MeJA and other fruit
quality parameters have changed positively [17].
As a result, it has been determined that Pyrohyrojasmon applications are highly effective on fruit
coloration, especially a* value. Observational top
color formation is also higher than control fruits. For
this reason, the Pyrohyrojasmon plant growth regulator has shown that it increases red color formation
in the 'Starking Delicious' apple variety. In this
study, regarding the effects of the coloration of the
apple, and with Pyrohyrojasmon applications, does
not decrease fruit yield and fruit quality without any
adverse effect both on fruit size and firmness as the
150 and 200 ppm Pyrohyrojasmon dosages for
‘Starking Delicious' apple varieties can be recommended in both the Eğirdir and Çivril locations.

[5] Ritenour, M. and Khemira, H. (2007) Red color
development of apple: A literature review.
Washington State University-Tree Fruit Research and Extension Center (http://post harvest.tfrec.wsu.edu/REP2007A.pdf).
[6] Küçüker, E., Özkan, Y. and Yıldız, K. (2011)
Determination of early period performance in
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[7] Lancester, J.E. (1992) Regulation in skin color
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[8] Anonymous (2017) Flavonoid biosynthesis in
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the USA and Turkey. According to 2015 data, the
annual Turkish eggplant production was 805, 259
tons and the highest amount was produced in Mediterranean region with 365, 637 tons [28]. Eggplant
production in Turkey can be both open field and
greenhouse,but they can not be cultivated in every
region because of preference for special climate and
soil, as well as the preference for maintenance conditions and crop rotation. Fusarium wilt (Fusarium
oxysporum f. sp. melongenae- FOM), Potato Y
potyvirus (PVY) and Root-knot nematode
(Meloidogyne incognita-RN) are among the most
important plant diseases limiting the eggplant production in the regions of production in Turkey [1-824].
In areas where eggplants are cultivated in the
region, several chemicals are commonly used in the
fight against diseases and pests. Among alternative
agricultural systems, cultural measures are prominent among the methods used in the fight against
plant diseases. Thus, the use of resistant cultivars in
the fight against the pathogen is the most effective,
most economic, environment-friendly and sustainable method. Today, improvement on studies primarily aim at developing resistant varieties. The morphological determinants used in classical breeding
studies could help distinguish genotypes, however
these could be affected by environmental factors. If
any of these characteristics is recessive, then homozygous and heterozygous individuals cannot be
detected. Thus, the development of the use of molecular markers (MAS) in biotechnology in resistance to diseases during recent years became
significant in breeding plants. Therefore, hundreds
of plants can be selected reliably, and quickly and
concurrently, saving time and space in the selection
resistant varieties [4].
It was reported that Fusarium wilt in eggplants
caused significant yield losses in several countries
such as Italy, Israel, Japan and the Netherlands, as
well as Turkey, both in outdoor and greenhouse
cultivation [1]. In a study conducted by Yücel [30]
in Turkey, it was found that the wilt disease was
caused by Fusarium sp. in Adana, Icel and Antalya

ABSTRACT
In recent years, the fact that the healthy life
ideal has become prominent in the agenda resulted
in an increase in eggplant consumption and utilization, similar to other vegetables, promoting an increase in eggplant cultivation. In the present study,
resistance of 77 different eggplant genotypes
against Fusarium wilt (Fusarium oxysporum f.sp.
melongenae-FOM), Potato Y potyvirus (PVY) and
Root-knot nematode (Melodiogyne incognita-RN)
were determined with molecular marker assisted
selection and classical testing. To determine FOM
resistance, 77 eggplant genotypes were screened
with the SCAR426 marker, which was identified to
be the closest to the gene at 1.2 cM, and it was
determined that the four eggplant genotypes, namely P11, P29, P49 and P52 were heterozygous resistant against FOM. FOM-resistant lines were
verified by classical testing. As a result of classical
testing conducted to determine PVY and RN resistance of eggplant genotypes, it was determined
that all lines were PVY-sensitive and P29 and P52
genotypes were resistant to FOM and RN. Diseaseresistant genotypes determined in the present study
would contribute to the development of the new F1
hybrid eggplant cultivar.

KEYWORDS:
Eggplant (Solanum melongena), Fusarium oxysporum f.
sp. melongenae, Potato Y potyvirus, Meloidogyne
incognita, disease and pest resistance, molecular marker

INTRODUCTION
In recent years, the knowledge that eggplants
(Solanum melongena L.) contain significant vitamins and minerals for human health similar to other
vegetables, the fact that several dishes could be
cooked with eggplants, the increased use of eggplants in salads, jams and pickles promoted an increase in eggplant cultivation. Globally, China is
the leading eggplant producer, followed by India,
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Horticulture Research Institute (AL/Mersin/Turkey)
based on yield and certain quality criteria.

provinces, but mostly induced by Verticillium sp. in
Hatay province. In a study by $OWÕQRN [1] that determined the prevalence of the pathogen that caused
FOM disease in Mersin and Adana provinces, it
was found that the prevalence of the disease in
greenhouses and tunnels in Mersin province was
42.1% and the same rate was 33.5% in outdoor
fields. In Adana province, where the cultivation is
mainly in open fields, the prevalence rate of the
disease was 33.2%. Mutlu et al. [18] demonstrated
the use of the MAS breeding program by developing two dominant SCAR markers that determine
molecular resistance to the disease, using the
Fusarium wilt resistant LS 2436 genotype.
Studies on viral diseases that limit the production of eggplants, which are less popular than tomatoes, peppers and potatoes, have increased in recent
years. The first paper on prevalent viral diseases on
eggplant was published in the 1950s [10]. Symptoms such as mosaic stunting, small and amorphous
fruit formation were reported from every climatic
and geographical region where eggplants were
cultivated [16]. Although there are limited number
of studies on eggplant viruses, viruses such as Potato virus Y (PVY), Tomato spotted wild virus
(TSWV) and eggplant mottled dwarf virus (EMDV)
were reported in Turkey [24]. PVY resistant pepper
and tomato lines were developed for PVY control,
which is very common in tomato and pepper fields,
but similar studies were not conducted for eggplants. In recent years, efforts to improve eggplant
breeding and resistant varieties increased [5].
The main goal in eggplant breeding is to develop hybrid varieties with high quality that are
resistant to diseases - pests. In countries where
eggplant cultivation is intensive and in Turkey, it is
necessary to develop varieties that are resistant to
soil-borne pathogens and nematode damage [25]. It
was reported that root-knot nematodes cause significant damage to vegetable and eggplant cultivation
fields in the Mediterranean region in Turkey [8]. It
was reported that root-knot nematodes cause significant yield losses in vegetables amounting to 4254% in tomatoes and 30-60% in eggplants [22]. It
was determined that 53% of the global root-knot
nematode population were M. incognita [23].
The present project aimed to determine the resistance of eggplant genotypes that are significant
with respect to yield and certain quality cirteria
against Fusarium wilt, Potato Y potyvirus, and rootknot nematode which economically limit eggplant
cultivation, with molecular marker assisted selection and classical testing.

Determination of FOM resistant eggplant
lines using molecular marker
The LS 1934 and LS 2436 genotype DNAs
were used as resistant controls; Kemer, Yula and
NSFB-99 were used as sensitive controls in this
PCR study [2].
Genomic DNA isolation
DNA Purification Mini Kit (Thermo Sc. G.JT
Plant-K0792) was used for total genomic DNA
isolation on eggplant lines. For this purpose, 200
mg was obtained from the young eggplant leaves.
The obtained DNAs were adjusted to 40 ng with the
a spectrophotometer, 0.8% agarose gel controls
were conducted and stored at -20 °C.
PCR conditions
SCAR426 primer, which were found to be at
the closest distance with 1.2 cM were used in the
study to determine the FOM resistance [18] (Figure
1). PCR Reaction (25 ȝ/)ȝ/'UHDP7DT*UHHQ
PCR Master Mix (Thermo Sc.) (0.5 U Taq polymerase, 2X DreamTaq Green buffer, 0.4 mM
dNTPs and 4 mM MgCl2   ȝ/ SULPHU DQG  ȝ/
DNA (10 ng) were used. PCR conditions; 3 min
pre-denaturation at 94 ° C followed by 35 cycles
including 1 min at 94 ° C, 50 sec at 57 ° C, 70 sec at
72 ° C, and 1 cycle of 10 min final extension at 72
°C were programmed on a GeneAmp 9700 thermocyler. The PCR products were electrophoresed
in 2% agarose gel and stained in a Ethidium Bromide solution, were imaged under UV light and the
results were recorded.

FIGURE 1
Agarose gel image obtained with SCAR426 primer of resistant and sensitive controls. (2,4,5;
Resistant, LS2434, LS 1934, Köksal; 3,6,7;
Sensitive NSFB99, Yula, Kemer; N; negative
control, M:100bp)

MATERIAL AND METHODS

Classical testing. Classical testing for FOM
resistance. In the present study, classical tests on 4
heterozygous FOM-resistant eggplant lines identified with SCAR426 primers on 77 eggplant genotypes were conducted with seedling root dip treat-

A total of 77 eggplant genotypes were used as
material in the experiment that were prominent in
eggplant breeding programs conducted at the Alata
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od of the plants obtained from eggplant seeds. For
mechanical inoculation, extraction of leaves from
infected plants with PVY was obtained according to
Fidan et al. [11]. The obtained extract was inoculated into eggplant genotypes after filtering with 2
layers of cheesecloth. The plants that were inoculated with PVY were kept in the dark for one day in a
climate chamber at 22-24 °C and then transferred to
the greenhouse and the formation of PVY symptoms was observed periodically. Two weeks after
the first inoculation, young leaves reaching half of
full size were re-inoculated as described above.
Four weeks after the second inoculation, virus indications were recorded as present or absent [11].

ment. For this purpose, high virulence FOM isolate
obtained from greenhouse eggplant fields was
grown in PDA for 7 days, mycelial discs that included microconidia were obtained and the pathogen was inoculated in 250 ml Erlenmeyer flasks
that contained 100 ml FOM liquid synthetic medium. After the inoculation, the Erlenmeyer flasks
were shaken in the climate chamber at 24°C and for
16 hours under light and 8 hours in the darkness in
100 rpm mixer for 5-8 days to obtain fungus liquid
culture. Microconidia suspension was obtained by
passing the micella that developed during incubation through double-layered cheesecloth. For the
FOM inoculation test (1x106 spores/ml) was carried
out according to Çolak and Biçici [7] in the 2-4 leaf
eggplant seedling period. Each three inoculated
eggplant seedlings were planted in one 15x15 cm
pot that contained (1: 1) peat and perlite. The experiment was conducted with 5 pots for each line with
completely randomized design and 3 plants were
planted in each pot. The pots were kept in the climate chamber located at the Directorate of Biological Control Research Institute (BC) at a temperature
of 26 ± 2 °C, under 16 hours of light and 8 hours of
darkness and a relative humidity of 60-70%. After
25-30 days into the experiment, plants were identified as resistant (0: symptom-free plants: no disHDVH  DQG VHQVLWLYH   SODQWV ZLWK V\PSWRPV
disease is present) plants on a 5-point scale based
on the symptoms exhibited by the plants and the
browning in the plant root vascular system [27].

Testing for root-knot nematode resistance.
The root-knot nematode (M. incognita Chitwood,
1949) that would be used in nematode resistance
tests was cultured in the nematode sensitive "Soray
F1" tomato variety. Egg packages were removed
under stereo binoculars from the cultivated plants
and 2 term infectious larvae were obtained with
Baermann funnel method to inoculate the plants (24 leaf period). The inoculation was conducted by
counting the 2 term larvae in centrifuge tubes so
that an average of 1000 larvae would be included in
each pot and they were administered at a depth of
about 2 cm in the vicinity of the root region. The
plants were kept in a climate chamber with 25±1 ºC
temperature and 60 ± 10% humidity and 16:8/L:D
lighting conditions at the BC. The experiment was
set up with five replications, according to completely randomized design [13]. After the inoculation of
the root-knot nematode, the plants were grown in
the climate chamber for 60 days and at the end of
this period, the plants were uprooted and evaluated
with root knotting rate. In this case, the assessment
was conducted based on the 0-5 scale (0-2: resistant, 3-5: sensitive) according to the method
specified by Barker [3].

Classical testing for PVY resistance. The
characterized PVY isolate, which is the most common virus observed in the eggplants and could be
transmitted by mechanically or by seeds, was obtained as a lyophilized isolate from Spain (Murcia),
which is used in European Union Vegetable Breeding resistance tests. PVY was inoculated by mechanical inoculation during the cotyledon leaf peri-

FIGURE 2
Agarose gel of eggplant genotypes tested with SCAR426 primer in determination of resistance to FOM
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tance of 2.6 cM to the resistance gene was identified. However, in the conducted RADP marker
rehabilitation study, it was demonstrated that the
inheritance of resistance could not be determined as
homozygous or heterozygous, and the reproducibility was difficult, so it was reported that further
studies were needed. Mutlu et al. [18] developed
SRAP, SRAP-RGA, RAPD and SCAR markers to
determine the resistance to FOM pathogen. It was
determined as a result of 2,316 primer combinations
that three markers were the closest to gene with 2.6
cM in the study. It was determined that the codominant SRAP marker Me8 / Em5 and the dominant SRAP-RGA marker Em12 / GLPL2 were
linked to the resistance gene with 1.2 cM, while the
RAPD marker H12 was linked with 2.6 cM to the
both alleles. In the study, it was determined that the
SRAP marker F2 and backward hybrid 3 generations were linked to the resistance gene, and it was
transformed to two dominant SCAR markers. It was
reported that the two SCAR markers designed in
that study might be useful in MAS-selective breeding studies to determine resistance to Fusarium wilt
in eggplants. The preference of the closest primer
used in breeding studies is important for the reliability of the results. In the present study, eggplant
genotypes were tested with the SCAR426 primer,
which was found to be linked to the resistance gene
at 1.2 cM.
The use of SCAR markers is quite reliable, accurate and easily detectable on agarose gel due to
its close proximity to the gene in homozygous or
heterozygous determinations of inheritance in F2
and F3 populations in breeding studies when compared to other SRAP RAPD and RGA [19-27]. The
findings of the present study once more demonstrated that by selecting adequate genotypes with
MAS selection in breeding studies would save
money, time and contribute to the rapid commercialization of the lines in cross-breeding programs.

RESULTS
FOM resistance, one of the most important
fungal diseases that limit eggplant cultivation, was
identified with molecular studies conducted on 77
eggplant genotypes. For this purpose, eggplant
genotypes were tested with the SCAR426 marker,
which was determined to be the closest with 1.2
cM, to determine FOM resistance. PCR studies
demonstrated that 4 eggplant genotypes (P11, P29,
P49 and P52) were FOM resistant (426 bp) and 73
eggplant genotypes were sensitive (347 bp) (Figure
2).
In breeding studies, rapid scanning of diseaseresistant lines using molecular markers saves time,
space and provide reliability in selection of the
material obtained with the desired genotypes and
selection of hundreds of plants in a single day [4].
Goth and Webb [12] reported that there were no
eggplant varieties that were resistant to Verticillium
wilt solitude, while certain eggplant varieties were
tolerant to Fusarium wilt. Genetic resistance studies
on FOM demonstrated that resistance is controlled
by a single dominant gene. However, studies that
aimed to transfer the resistance in wild forms to the
culture plants were not quite successful. Mochizuki
et al. [20] reported that the LS174 line was resistant
to Fusarium, and found that the resistance in LS174
was managed by a single dominant gene. In a study
by Monma et al. [21] it was reported that the LS
1934 and LS 2436 genotypes of the S. melongena
species were resistant to FOM. Boyaci and Abak
[6] investigated the inheritance of resistance between the resistant genotypes LS 1934 and LS 2436
of the Solanum melongena species and the susceptible genotype NSFB-99 and found that the resistance was monogenic dominant for both resistant
genotypes. Genomic mapping was conducted on the
F2 and BC1 populations obtained by cross-breeding
the FOM-resistant genotype LS 2436 and sensitive
NSFB-99 and the H-12 primary marker with a dis-

FIGURE 3
Disease symptoms of eggplant Fusarium wilt.
a) yellowings on the leaves b) brown discoloration
of the vascular system
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Mutlu et al. [18] stated that disease resistance
should be verified with classical tests that would be
conducted in regular intervals on breeding material
that were identified as resistant with markers in
breeding programs, although these types of markers, such as SCAR426 and SCAR347, are very
close to the gene and their recombination rate is
quite low. As a result of molecular work conducted
in the present study, verification of the resistance of
the 4 eggplant genotypes to FOM pathogen using
SCAR426 primer was conducted with classical
testing. As a result of the classical testing conducted
with this purpose, evaluations of the plant and the
root demonstrated that there were no FOM symptoms (Figure 3).
Potato Y potyvirus (PVY) was described initially by Smith [26]. It was determined that PVY
was the most common viral disease in eggplant
fields, causing the highest damage with mosaic
stunting and small and amorphous fruit formation
[16]. PVY in the nature is mostly transported by
vectors (Myzus persicae). It was reported that the
eggplant cultivated in the same period with tomato
and pepper was effective in high PVY infection [5].
In a study conducted in India, it was determined
that the natural inoculation of eggplant with PVY
spreads rapidly in the presence of vector aphids,
indicating that it was the most harmful viral disease
in eggplant fields [5]. Mechanical inoculation is the
most preferred method for resistance studies, while
vectors are very effective in spreading the disease.
For this purpose, the source of PVY resistance in
eggplant genotypes was found and classical testing
was conducted to provide the possibility of developing new resistant varieties. Mechanical infection
of eggplant genotypes with PVY resulted in systemic infections such as mosaic, paling of color, stunning, and leaf deformations (Figure 4). As a result
of the observations, 77 eggplant genotypes tested
were determined as sensitive to PVY by mechanical
inoculation method. Although PVY is widespread
throughout the world, it is the most important potyvirus in Europe, characterized by the loss of pepper and tomato crops especially in the Mediterrane-
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an basin [17]. Thus, studies on the resistance of
tomatoes and peppers against PVY were conducted
previously and resistant and sensitive populations
were created with mechanical inoculations, and
markers were developed for use in resistance [15].
Since eggplants have lower economic significance
when compared to tomatoes and peppers, the
above-mentioned studies on eggplants are new.
Root-knot nematode resistance: In the study
where the resistance of the tested eggplant genotypes against root-knot nematode (M. incognitaRN) was determined, it was identified that 14 eggplant genotypes were resistant with 0-2 scale values
and 63 eggplant genotypes were sensitive with 3-5
scale values (Figure 5). Knotting rates for eggplant
genotypes that are resistant to RN and FOM based
on the 5-pont scale are presented in Table (1). As a
result, two eggplant genotypes (P29 and P52) resistant to both FOM and root-knot nematode were
determined. RN destroy the vascular system tissues
in the plants by creating knots of different sizes in
plant roots, restricting water and nutrient uptake and
leading to slow or ceased plant growth [14]. If the
population density is high, the plant may completely fade. Root-knot nematodes also cause indirect
damages by facilitating other disease pathogens. It
is known that the areas on the roots where the rootknot nematodes feed on are particularly used as
gates of entry by several soil-based disease pathogens. Disease pathogens that cannot infect under
normal conditions could easily infect the nematodedamaged plants. M. incognita, which was determined as the most common root-knot nematode
species in studies conducted on the prevalence of
root-knot nematodes in Turkey, was found in 93%
of the Central Anatolia region soil, 80% of the
$\GÕQSURYLQFHRI$GDQD+DWD\DQG$QWDO\D
provinces, and 44% of Mersin province [22-23-29].
In several studies conducted on nematode and fungus interactions, it was reported that in the presence
of nematodes soil-borne pathogenic fungi were
observed earlier periods and their severity was
increased [9].

FIGURE 4
Symptoms of mosaic, stunting and foliage deformations in genotypes after infection with
PVY by mechanical inoculation
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FIGURE 5
Symptoms of root-knot nematode in eggplant a) Root-knot with infected eggplant greenhouse.
b) Root-knot in P11 eggplant line
TABLE 1
Galling index rate of Meloidogyne incognita at the roots of eggplant genotypes
Eggplant genotypes

Galling index

Resistant (R)
Susceptible (S)
P11
4,40 ± 0,25 c
S
P29
0,00 ± 0,00 a
R
P49
5,00 ± 0,00 c
S
P52
0,80 ± 0,37 b
R
Resistant control
1,00 ± 0,44 b
R
Sensitive control
5,00 ± 0,00 c
S
The varieties containing the same letters in the same column are significantly different from each other at
P DFFRUGLQJWR'XQFDQ¶V0XOWiple Range Test

structure for the development of these markers and
disease-resistant and sensitive eggplant genotypes.
The present study results determined the resistance
against important biotic factors, thus saving time
required for the commercialization of multiresistant variety candidates. Furthermore, the identification of FOM and root-knot nematode resistant
parents would contribute the alternative projects (F1
hybrid) to obtain new varieties based on prominent
global fruit quality criteria demands for these parent
lines by the line-owner institution.

CONCLUSION
The objective of the present study was to identify varieties that contain the resistant gene source
against all three diseases (FOM + PVY + RN). As a
result of molecular and classical tests, 4 FOM resistant eggplant genotypes were identified. As a
result of conventional testing for PVY and RN
resistance on these lines, it was determined that all
lines were PVY sensitive, while P 29 and P 52
genotypes were resistant to FOM and RN. In order
to increase the efficiency of fight against soil-borne
pathogens, in addition to the selection of resistant
varieties, it is necessary to consider the system as a
whole and combine control applications for preservation of environmental resistance. In this context,
a variety that is resistant against a single pathogen
created with classical breeding methods is not sufficient for an extensively cultivated plant species
such as eggplant prone to several diseases and pests
in terms of productivity and quality. Under contemporary conditions, it is necessary to provide resistance against at least 3 or more disease-damaging
based on cultivation site and time. The number of
resistant needed is longer than the breeding period.
While a marker was developed in determining the
resistance against Fusarium wilt, which caused
significant damage during the last few years due to
increased cultivation, there were no studies conducted on PVY and root-knot nematode so far.
With the present study, we contributed to the infra-
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of 80-90%. Largely due to digestible cellulose,
WSBP is in the feed class of good energy source
[1]. However, it has significant problems encountered with storage due to the high water content
(75-85%) [2]. This feed, recommended to be fed in
fresh form, has the disadvantage of a short production season limiting the beneficial period for a
cheap energy source [3]. As a result, it is recommended that WSBP be ensiled with additives like
wheat straw and molasses. Thus, it is both consumed by animals and the dry matter (DM) levels
increase and it is transformed to an easily ensiled
storable feed [4, 5].
Some additives are used to increase the quality
of silage fermentation. Of these, natural prefermented lactic acid juice (PFJ) increases the development of lactic acid bacteria during the silage
fermentation stage [6].
The aim of this study is to add 2% molasses,
PFJ and 2% molasses+PFJ to silage prepared by
mixing wet sugar beet pulp (WSBP) with wheat
straw (WS) for 25% DM to research the effect on
silage quality and in vitro nutrition matter digestion.

In the present study, the effect of some silage
additives (molasses, pre-fermented lactic acid juice
and their combination) on silage quality of sugar
beet pulp+wheat straw mixture was investigated.
For this purpose, 4 groups, each consisted of 6
replicates, were designed; 1) sugar beet pulp+wheat
straw mixture (Control), 2) sugar beet pulp+wheat
straw mixture plus 2% molasses (M), 3) sugar beet
pulp+wheat straw mixture plus pre-fermented lactic
acid juice (PFJ, 44.07x107 cfu/ml-1 LAB) and, 4)
sugar beet pulp+wheat straw mixture plus 2% molasses+pre-fermented lactic acid juice (M+PFJ).
The silages prepared in 1 L glass jars were opened
after 60 days. While the amounts of dry matter
(DM), crude ash (CA), and neutral detergent fiber
(NDF) of treated-silages were higher than those of
the control group (P <0.05), crude protein (CP)
levels were not affected by treatment. pH, Fleigh
score (FS), and lactic acid amounts were not affected by additives. However, the addition of molasses
and PFJ decreased the NH3-N concentration of the
silages compared to the control group (P <0.05).
The M+PFJ addition decreased the acetic and propionic acid concentrations of the silages compared
to those of the control group (P <0.05). As a result,
the addition of 2% molasses and/or PFJ to the sugar
beet pulp+wheat straw mixture reduced the DM
losses of silages and did not affect the silage fermentation parameters and, in vitro digestibility of
dry matter (DMD) and organic matter of silages
(OMD).
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8-7)8):165 6. 8--84-5:-, )+:1+ +1,
;1+-  PFJ added as supplemental material to
silage was obtained from fresh grass. For this 200 g
of fresh grass was disintegrated in 1 liter of distilled
water in a blender at high speed for 2 minutes and
then strained through a double layer of cloth. The
strained fluid was collected in a glass tube. Each
100 ml of glass tubes had 3 g molasses added and
then was incubated for 48 hours at 30 ºC. At the end
of incubation, the pH of the PFJ samples to be used
as fresh inoculant source was recorded. The natural
fermented juice samples, with pH identified in Van
Yuzuncu Yil University, Faculty of Veterinary, Department of Food, were prepared for lactic acid
bacteria (LAB) counts (CFU/ml). Later used MRS
agar, the samples were left for 4 days at 30 ºC and
then LAB counts were completed [7].

('"#
Sugar beet pulp, wheat straw, molasses, pre-fermented
lactic acid juice, silage

$"%$

The food industry by-product of wet sugar
beet pulp (WSBP), obtained during sugar production, contains high total digestible nutrients (TDN)
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8-7)8):165 )5, 7731+):165 6. #13)/- The
WSBP obtained from a sugar factory in Van province and wheat straw obtained from the market
were used as feed material in the research. Wheat
straw was added to WSBP to obtain nearly 25%
DM and this mixture was ensiled in 4 experimental
groups as; 1) WSBP+WS mixture (control), 2)
WSBP+WS plus 2% molasses (M), 3) WSBP+WS
plus natural pre-fermented lactic acid fluid (PFJ)
and 4) WSBP+WS plus 2% molasses+natural prefermented lactic acid juice (M+PFJ). PFJ, with
44.07x107 cfu/ml-1 LAB per ml and pH 3.89, was
added as nearly 6 ml per kg.
Additive materials were mixed with distilled
water and sprayed on the prepared feed. Only distilled water was sprayed on the control silage. Silage samples in the control and 3 different groups
were ensiled by compressing 6 samples from each
group in 1 L glass jars for a total of 24 samples (950
g weight). Silage was ensiled for 60 days and then
and nutrient contents were determined according to
the Wendee analysis system [8].

=7-814-5:)3-:06, Silage was opened at
the end of the 60 day and silage pH and DM contents were immediately determined. Silage pH was
measured by mixing 25 g fresh silage sample with
100 ml distilled water in a blender for nearly 2
minutes, straining the obtained fluid and measuring
with an Orion brand pH meter. Silage DM content
was measured by drying 20 g fresh silage material
in a 65 ºC oven for 48 hours. Later, samples were
screened through a 1 mm screen and crude protein
(CP) content [9], neutral detergent insoluble fiber
(NDF), acid detergent insoluble fiber (ADF) analyses were performed [10]. Silage fluid was placed
in three 10 ml plastic tubes after pH measurements,
with 1 ml 1 molar HCl (v/v) added to each tube and
stored in a deep freezer until NH3-N and UYA analyses. NH3-N analysis of silage was determined with
the Kjeldahl distillation method [9], while UYA
analysis and lactic acid analysis were performed
with a HPLC (high performance liquid chromatography) device [11].
To determine the in vitro digestion of silage,
an ANKOM DAISY INCUBATOR device fulfilling
the role of an artificial rumen was used. Rumen
fluid used for in vitro incubation was taken from a
4-year old cow consuming barley straw, cracked
barley and bran before morning feed. In the research silage samples in control and additive groups
were transferred to NDF filter bag for 48 hours
incubation. At this stage, a total of 100 bag were
filled with 4 samples from each jar of silage and 1
blind sample for each silage group, with 0.5 g silage
samples weighed and the bag sealed tightly. Samples removed after incubation were washed in tap
water until the water was clear and then left at 105
ºC for 3 hours until a stable weight was reached and
then weighed again. Later, the ANKOM method





!"  ! 

(ANKOM 2002 Technology Corp., Fairport, NY)
was used with in vitro total digestion, DM and OM
digestion and ME (MJ/kg DM) levels calculated
using the following formula with the filter bag
technique of [12].
%IVTD=100 - ((W3-(W1xC1))x100)/W2
W1 : F57 tare of the bags
W2 : Dry sample or dry sample nutrition
amount (DM, OM)
W3 : Nutrition amount in residue from NDF
solution
C1 : Blind weight (empty bag weight after
drying in the oven after removal from NDF device/original bag weight)

#:):19:1+)35)3>919Data were analyzed [13],
with comparison of means completed with the Duncan Multiple comparison test.
"#%$#

;:81:165)3):-81)3647691:1656.#13)/-
Chemical compositions of WSBP and WS were
given in Table 1. The effect of ensiling WSBP+WS
silage with added supplements on the chemical
compositions of silages were shown in Table 2. The
DM and CA content of silage with supplementary
material increased compared to the control group,
though CP content was not affected by the use of
supplements (p<0.05). The NDF contents were
higher in the M (68.12%), PFJ (68.47%) and
M+PFJ (69.61%) groups compared to the control
group (66.38%). The ADF content of the M
(36.41%) and M+PFJ (37.29%) groups were higher
than the control group (34.78%).
-84-5:):165 0)8)+:-819:1+9 6. #13)/-9
The effect of M, PFJ and M+PFJ supplementation
on the silage fermentation quality is presented in
Table 3. There were no differences between the
control and supplement groups in terms of silage
pH levels and the Flieg points. The silage pH levels
varied from 4.14 to 4.25 (p<0.05). When the NH3-N
levels of silage are investigated, there was reduction
in the supplement groups compared to the control
group. The LA levels were not affected by supplementation with molasses and PFJ. The AA levels in
silage were similar in the M and PFJ groups with
the control group, while the M+PFJ group was
observed to be lower than the control group. When
the PA levels of silage are examined, the highest
level was in the control group (3.67 g/kg DM) with
lowest level in the M+PFJ (2.91 g/kg DM) group
(p<0.05).
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DM
OM
CP
CA
NDF
ADF

DM
CP
CA
NDF
ADF

Control
22.81±0.42b
2.60±0.16
6.81±0.15b
66.34±0.75b
34.78±0.50b







$ 
0-41+)3+647691:1656.'# )5,'#
*-.68--591315/
WSBP
13.26
6.45
2.60
6.81
63.79
31.45

$ 
0-41+)3+647691:1656.913)/-9
Molasses
PFJ
24.93±0.62a
25.12±0.46a
2.28±0.18
2.37±0.18
7.67±0.29a
7.74±0.21a
68.12±0.61a
68.47±0.55a
36.41±0.70a
35.98±0.40ab

!"  ! 

WS
89.49
81.75
2.37
7.74
70.02
36.25

M+PFJ
24.90±0.53a
2.45±0.26
7.93±0.32a
69.61±0.20a
37.29±0.28a

P<
0.01
0.72
0.03
0.05
0.02

DM: Dry natter, CP: Crude protein, CA: Crude Ash, NDF: neutral detergent fiber, ADF: acid detergent fiber,
PFJ: Pre-fermented lactic acid fluid, M+PFJ: Molasses+ pre-fermented lactic acid fluid

pH
Flieg score
NH3-N (DM%)
LA (g/kg DM)
AA (g/kg DM)
PA (g/kg DM)

$ 
-84-5:):1657)8)4-:-86.913)/-9
Control
Molasses
PFJ
4.14±0.02
4.17±0.04
4.21±0.06
70.11±1.38
70.35±1.31
69.95±2.94
3.5±0.04a
2.4±0.01b
2.7±0.01b
12.68±0.62
13.21±1.31
12.24±0.51
27.93±0.48a
25.85±0.85ab
27,62±0.83a
3.67±0.17a
3.12±0.23bc
3,48±0.15ab

M+PFJ
4.25±0.02
67.91±0.52
2.3±0.01b
10.24±0.46
24.09±0.85b
2.91±0.06c

P<
0.23
0.75
0.001
0.08
0.01
0.02



Control
Molasses
PFJ
M+ PFJ
P<

$ 
5<1:86:6:)3,1/-9:1*131:>)5,3-<-396.913)/-9
&$
&
&
92.13±0.50
65.07±0.41
62.47±0.58
90.70±0.58
62.77±1.66
59.37±1.76
91.25±2.14
65.13±1.65
62.01±1.66
91.03±0.56
63.85±2.46
60.64±2.67
0.27
0.82
0.75

2+)3
2.26±0.56
2.15±0.06
2.24±2.46
2.19±0.10
0.75

IVTD: in vitro total digestion, IVDMD: in vitro dry matter digestion, IVOMD: in vitro organic matter digestion,
ME: Metabolic energy

5 <1:86 1/-9:165 -<-39 6. #13)/-9 The in
vitro total digestion (IVTD), in vitro dry matter
digestion (IVDMD), in vitro organic matter digestion (IVOMD) and metabolic energy (ME) values
were not differences between the control group and
supplement groups (Table 4).


#%##

duces the dry matter losses in the silo [5]. A study
prepared with different DM bases determined the
wheat straw contribution of 25% DM provided
23.57% DM in WSBP silage [4].
In this study, the CP content of silages was not
affected by additives (p<0.05; Table 2). The CA
content was 6.81% in the control group, and
reached 7.67% with molasses addition, 7.47% with
PFJ addition and 7.93% with M+PFJ addition, with
significant differences present (p<0.05). The CA
contents obtained in the study appeared to increase
in proportion with the DM content. A study adding
varying proportions of bran to WSBP for silage
reported the CA content of silage varied from 5.08
to 5.91%. The CA contents in present study were
higher than those in one study [15], but similar to

The DM contents of the treatment groups appeared to have increased compared to the control
group (p<0.05). In fact, pulp with low dry matter
content due to high water content is recommended
to be ensiled with material with high DM levels
[14], and the molasses used as silage additive re-
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control group.
There were no differences between LA levels
of silages in the control group and supplement
groups (p<0.05; Table 3). The LA contents of silage
in the study varied from 10.24-13.21 g/kg DM.
Lactic acid is the main acid required for good silage, and is stronger than acetic, propionic and
butyric acid. It is responsible for lower pH in the
silo and indicates that fermentation is in favor of
LA bacteria [20].
The AA levels of the silages were 24.09 and
27.93 g/kg DM (p<0.05; Table 3). Generally, in all
silage groups of the study, it is possible to say that
fermentation occurred in favor of increasing AA
amounts ensuring high levels of protection compared to LA. In fact, pH of 4.3-4.8 simulates the
production of AA. AA bacteria are obligate aerobic,
acid-tolerant bacteria. When silage pH is in the
interval 4.0 to 4.5, AA must be transformed by AA
bacteria for bacterial activity to continue [21]. Additionally, AA has stronger antibacterial properties
especially at this pH compared to LA and is reported to increase aerobic stability of silage after opening [22]. Indeed, microorganisms increasing aerobic
stability of silage cause higher than normal concentrations of AA levels within the silo and thus, negative results are not encountered when presenting the
silage for animal consumption [20]. It is reported
that one of the main fermentation products of sugar
beet silage was acetic acid [23]. Research stated
that adding a variety of supplements to WBP varied
AA levels from 0.92 to 1.88% [17], while another
study stated the AA levels in WSBP silage were
11.15 g/kg DM to 87.57 g/kg DM [24]. In this
study, the differences in PA levels in the control and
supplement groups were significant (p<0.05) and
lowest PA level was obtained from M+PFJ supplement silage.
The DMD, OMD and ME energy values for
WSBP+WS silage are given in Table 4. The differences in all parameters were not significant at the
end of 48 hours incubation (p<0.05). In vitro DMD
was 62.77-65.13%, while OMD was 59.37-62.47%.
When 48 hour rumen in vitro parameters of silage
are assessed, M, PFJ and M+PFJ supplements did
not contribute to in vitro total digestion, DMD and
OMD. Research into in vitro digestion of WBP
ensiled with different supplements showed the in
vitro DMD varied from 32.14-44.02%, while organic matter digestion varied from 28.11-43.54% [25]
and these values are much lower than the values
obtained for all groups in this study.

the study of [16] using wet sugar beet pulp, wheat
straw, molasses and urea silage.
The addition of supplements increased the
NDF levels compared to the control group (p<0.05).
The ADF content of silages was similar to the PFJ
contribution to the control group with molasses and
M+PFJ supplements increasing ADF content
(p<0.05; Tablo 2). [15] reported NDF levels of
44.03-50.43% and ADF levels of 20.50-24.21% of
silages formed by ensiling WSBP with wheat bran.
Ensiled WSBP with wheat bran, cracked wheat and
wheat straw with different DM contents at different
supplement doses [3]. The researchers reported that
NDF levels increased with supplement dose, while
ADF levels increased with both different DM levels
and dose levels. In this study, higher NDF and ADF
levels in silage compared to the control group are
thought to be due to the parallel increase in cell wall
elements of the increase in dry matter levels as a
result of ensiling with wheat straw of WSBP.
The effects of molasses, PFJ and M+PFJ additives on silage fermentation quality are given in
Table 3. There was no significant difference between the control and additives groups (p<0.05) and
silage pH varied from 4.14 to 4.25. A study adding
wheat straw to WSBP for 20%, 25% and 30% DM,
found the pH levels of silages varied from 4.01 to
4.36 [4]. A study investigating the quality parameters of WSBP silages with different silage supplementary material reported pH levels of WSBP silage as 4.36 [17]. The results of these studies are
similar to the pH values obtained in this study. Additionally, the silage pH levels are close to the recommended pH limits for silage of 3.8 to 4.2. The
quality class of silages investigated with the Flieg
points were similar in all groups and varied from
67.91 to 70.35 (Table 3). Assessments using Flieg
points identified the silages were in the “good”
quality class. It is reported that silages of wet sugar
beet pulp containing 25% wheat straw was in the
quality class “excellent” according to Flieg points
[4]. The Flieg points in this study are similar to
those found by [18] who ensiled WSBP with fruit
pulp.
In present study, NH3-N of silages in all
groups with M (2.4% DM), PFJ (2.7% DM) and
M+PFJ (2.3% DM) were lower compared to the
control group (3.5% DM) (p<0.05). A important
element affecting silage quality, NH3-N increases
the colostridium species and enterobacteria digesting carbohydrate and lactic acid bacteria within silo
feed causing the development of unwanted microroganisms [19]. It is determined that NH3-N levels
in silage using with additive bran to WSBP silages
as 1.25% and 3.35% [15] DM similar to this study,
while [17] determined higher values than for WSBP
silage. It can be said that easy soluble carbohydrates
in M and PFJ supplements has suppressed degradation of protein in WSBP+WS silages; thus, the
NH3-N levels in silages reduced compared to the

%#
In conclusion, it has been determined that the
addition of molasses and lactic acid bacteria to
WSBP ensiled with wheat straw reduced DM losses
within the silo. However, there was no positive
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effect on silage quality and in vitro digestion parameters. It was concluded that WSBP needs to
investigate the effects of molasses and PFJ additives on silage quality at different DM levels and
dosses.
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WIND CHARACTERISTICS OF IGDIR PROVINCE IN
TERMS OF WIND EROSION AND INTRODUCTION OF
SECOND WIND EROSION AREA:
A CASE STUDY
Mucahit Karaoglu*, Ugur Simsek, Erhan Erdel, Faruk Tohumcu
Igdir University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, Igdir, Turkey

soil (0-2.54 cm) is defined as wind-erodible fraction
(EF). Erodible Fraction (EF) is the percentage of
particles smaller than 0.84 mm and they are accepted as soil materials that are susceptible to be carried
with the wind [7]. The grain-size study is a primary
and widespread method used to specify the characteristics of sediment, the dynamics, deposition
mechanism, and the aeolian landforms as well as
the removing and grading of aeolian particles [8, 9,
10, 11, 12, 13, 14].
Dry sieving is a standard method for determining some parameters concerning aggregation of soil
and susceptibility to wind erosion [15]. Aggregates
with a diameter larger than 0.84 mm are resistant to
wind erosion [16]. The most important event in the
wind erosion phases is the saltation movement.
Saltation is the bouncing of soil particles having
diameters larger than 106 μm. It erodes the immobile surface clods and crusts form the suspended
particles (<106 μm) and the saltating and creep
materials. Saltating aggregates break up and join
into other particles depending on their sizes [17,
18].
A study was conducted to determine surface
soil properties on an area of 12 ha in Turkey's second largest wind erosion area located in the AralikIgdir region. According to dry sieving experiments
performed in this study, the rate of materials bigger
than 0.84 mm was 0.48±30.47%, the rate of materials bigger than 0.106 mm was 47.17±87.73%, and
the rate of materials smaller than 0.02 mm was
0.40±6.79% [19].
In a study conducted to determine the rate of
sand transportation for fixed and semi-fixed dunes,
the rate of sand transportation was determined as
4.56 kg.cm-1.y-1 and 57.38 kg.cm-1.y-1, respectively.
It was reported that in the study area, annual average wind speed was 3.4 m.s-1, strong windy (>17
m.s-1) occurred on 54 days per year, and the average
wind speed playing an important role in sand transportation was 6 m.s-1 [20].
Dynamic soil properties are volume density
and dry aggregate size distribution. These properties change quickly due to the effect of meteorological events, ploughing and other cultural processes.
The original soil properties are soil textures, organ-

ABSTRACT
Wind, temperature, humidity, and precipitation data of 2014-2017 taken from 5 automatic
weather stations established in Igdir province and
its surrounding area were evaluated in terms of
wind erosion. Wind frequency, monthly mean wind
speed, and prevailing wind direction along with
wind speeds of 8 m.sec-1 (10 m height), which is
accepted as the threshold value in terms of wind
erosion, and above were determined. For each station, monthly strongest wind, monthly average
relative humidity, monthly average temperature,
and average of monthly total precipitation were
shown on the same graph and interpreted. As a
result of processing and interpretation of the mentioned meteorological parameters; physical and
chemical analyses and dry sieving processes were
carried out by taking five different samples in five
regions in the area, where the airport is located
between Igdir and Tuzluca, and appears as a second
potential wind erosion area. In the sampled sections
of the second wind erosion area, sandy loam and
loamy sand textures, 0.07-1.61 organic matter,
neutral and alkaline pH values, and particle susceptible to wind erosion of 44.23-92.06% (<840 μ)
were found.

KEYWORDS:
Wind, wind erosion, analysis, dry sieving, second wind
erosion area

INTRODUCTION
Wind erosion is described as separation,
transport, and accumulation of soils with the effect
of wind. This is a dynamic physical event and
loose, dry and bare soils are carried with strong
winds. Wind erosion is a specific sub-topic of the
wind activities (=Aeolian or eolian) [1]. Wind erosion is seen in different areas as coastal sand dunes
[2], cultivated lands [3], scrubs and bushes [4],
forests [5], and deserts [6].
The rate of aggregates at the top layer of the
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ic matter, and mineralogy [1]. One of the primary
VRLO SURSHUWLHV WKDW DIIHFW VRLO¶V VXVFHSWLELOLW\ WR
wind erosion or wind corrosion is soil texture. According to sand, silt, clay and calcium carbonate
(CaCO3) percentages of the soils; soil texture classes, soil erodibility groups and soil erodibility indices have been explained [21].
Studies on aeolian sediment transfer have stated that speed, duration, and direction of wind are
the three most important parameters affecting sediment transport [22, 23] but average hourly wind
speeds cannot be sufficient to predict the potential
of sediment transport in some regions, and the wind
data collected at high altitudes at weather stations
such as 10 m above the ground should be converted
into data obtained at 2 m height [24, 22].
Aggregates become separated with the lift
force applied by the wind which is powerful than
the creep as well as the gravity and binding forces
holding the surface soil particles [25]. Separation
continues with the effect of the rolling or bouncing
particles on other particles to be released due to the
impact and eroding effects. The wind speed at the
moment when soil particles begin to move is called
as "threshold wind speed", and the wind speed at 30
cm above the ground is 6 m.sec-1 or 20 km.h-1. This
value is 8 m.sec-1 or 28 km.h-1 at 9 m above the
ground [26]. Instead of the threshold wind speed,
the expression of "critical friction velocity" is also
used [27].
In this study, a new wind erosion field (around
Igdir airport) was determined by examining the
wind, temperature, precipitation, and moisture values of five automatic weather stations where the
measurements have just started to be made in Igdir
province having the second largest wind erosion
field (Aralik district) of Turkey and the amount of

erodible soil was determined by using the analyses
conducted on the surface soil samples taken from
this region and the dry sieving results and these
values were commented and the region has been
introduced as the second wind erosion site.

MATERIALS AND METHODS
Meteorological data. The wind (10 m height),
temperature, precipitation and humidity data of
2014-2017 used in the study were obtained from
automatic weather stations established by Turkish
Meteorology Service in Igdir, Igdir airport, Tuzluca, Karakoyunlu and Aralik regions (Figure 1).
Daily data of the strongest winds and monthly data
of the prevailing wind and the average wind were
obtained. While monthly average of temperature
and relative humidity data was obtained, precipitation data were collected monthly and annually in
total.
By performing the monthly counts of 8 m.sec -1
and higher values of the strongest winds [25] obtained daily, wind potentials of the stations for the
2014-2017 period were determined in terms of
erosion. With the help of monthly prevailing wind
and average wind values for each station, annual
prevailing wind and the strongest wind average
values and their months and effects were explained.
By offering the highest wind values with the
monthly average temperature, monthly average
relative humidity and total precipitation values for
each month in the same graph, the critical periods
were determined and interpreted in terms of wind
erosion.

FIGURE 1
Wind erosion areas of Igdir
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Field studies and taking of soil samples. 5
surface soil samples (0-2.5 cm) were collected [7]
from each of 5 different points randomly selected
[14] over the field located in the area where the
airport is located between Igdir province and Tuzluca district and which is evaluated as the second
wind erosion area. The coordinates of the area included in the sample and the height of the sampled
points from the sea level were determined by using
Magellan eXplorist XL brand GPS device.

(1)
Where; EF is the amount of erodible fraction
(gr); W<0,84 is the amount of material less than 084
mm (gr) and TW is the total weight of the soil sample. Secondly, the equation (2) developed by Fryrear et al., [40] based on the physical properties of
the soil was used.

Laboratory studies. Soil samples were sifted
through 2 and 0.5 mm sieves, their texture [28], soil
reaction [29], lime [30], organic matter [31] and
electrical conductivity [32] analyses were conducted, and surface soil properties of the study area
were determined. Soil sample of 1000 g was used
for each sample in the dry sieving. The vibrating
dry sieving device used in dry sieving processes
[19] was Retsch brand and AS 200 basic model.
sieve openings of 4 mm; 2 mm; 1 mm; 0.840 mm;
0.420 mm; 0.106 mm and 0.020 mm, vibration
intensity of 50 Hz, and sieve duration of 5 minutes
were applied. In order to make statistical interpretation for the analysis and dry sieving results, oneway analysis of variance was applied.

(2)
Where; OM is the organic material (%) and
CaCO3 is lime (%).

RESULTS
Evaluation of meteorological data. The most
important meteorological factors in the sediment
transport of wind erosion were accepted as temperature, precipitation, and wind. In addition, the
monthly, seasonal, and annual condition of wind
speed had an effect on the sediment transport direction [42].
Table 1 shows monthly wind frequencies of
2014-2017 for the strongest winds with 8 m.sec-1
and higher values recorded in automatic stations
operated in five different regions. The wind freTXHQFLHV RI WKH VWURQJHVW ZLQGV  PVHF-1) were
the highest in March-October. In this period, the
temperature values were high and the relative humidity values were low. Igdir and its surrounding
are the area having the least precipitation in Turkey
with the annual precipitation average of 198.3282.7 mm in 2014-2017 (Figure 2-6). According to
these meteorological data, Igdir province and its
surrounding area are a very suitable region for wind
erosion. All data are encouraging the wind erosion.

Equations. Many factors such as long-term
climate changes [33], seasonal climate changes
[34], products [35], plowing techniques [36], water
amount during plowing [37] and some soil characteristics [38] affect the EF amount. Organic carbon
(OC) and clay scope are the main soil properties
affecting the EF amount [39, 40].
Two equations were used to determine and
compare the amount of erodible fraction (EF). First
the equation (1) developed by Zobeck et al., [41]
was used.

TABLE 1
NumEHUVRIVWURQJZLQGV PVHF-1)
STATION

L-L

A

IGDIR

39.9227
44.0523

856

IGDIR
AIRPORT

39.9775
43.8779

937

ARALIK

39.8683
44.5117

826

KARA
KOYUNLU

39.9739
44.1814

846

TUZLUCA

40.0447
43.6672

1110

DATE
2014
2015
2016
2017
2014
2015
2016
2017
2014
2015
2016
2017
2014
2015
2016
2017
2014
2015
2016
2017

J
1
2
6
1
9
9
3
3
5
9
2
2
5
9
0
6
6
5
-

F
2
2
2
2
13
11
6
4
5
3
3
16
2
6
0
12
7
4
1

M
14
7
16
9
13
16
24
20
17
11
16
8
28
13
16
6
30
10
18
7

L-L: Latitude-Longitude; A: Altitude; T: Total.
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A
14
20
13
12
8
28
24
25
18
19
17
17
28
20
15
15
30
26
14
13

M
17
11
21
15
5
30
27
29
19
17
25
18
30
16
20
16
31
19
20
16

J
18
14
14
13
10
30
27
29
23
16
21
14
29
15
20
13
30
24
16
16

J
13
2
17
7
5
28
29
29
17
19
21
14
29
18
20
13
31
19
21
14

A
14
10
9
6
2
25
25
21
18
17
15
9
19
13
16
9
16
14
18
13

S
9
3
11
8
7
18
25
18
18
9
18
7
17
5
13
4
16
9
12
8

O
4
6
1
2
10
19
6
17
6
11
6
7
7
5
3
6
4
6
5
7

N
1
4
2
1
7
3
5
6
4
6
4
4
4
7
2
1
5
5
1

D
1
7
3
4
7
9
8
3
5
6
4
2
2
8
4
2
1
8
5

T
107
80
119
79
73
226
221
211
150
140
161
107
211
121
148
87
213
146
141
101
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The strong wind frequency of Aralik district
known as the second largest wind erosion area of
Turkey is less than the strong wind frequencies of
Igdir airport, Karakoyunlu and Tuzluca. Bare lands
are not much and very rough in Tuzluca and Karakoyunlu (Figure 1). However, the area where Igdir
airport is located is evaluated as the second wind
erosion area since it has both the wide bare lands
and wind potential (Table 1). 
As a result of the evaluations made about the
monthly prevailing wind directions and monthly
average wind speeds of the automatic weather stations (2014-2017), the annual prevailing wind directions were recorded as N-WNW for Igdir, EENE for Igdir airport, NW-WNW for Aralik, WWSW for Karakoyunlu and ESE for Tuzluca.
Monthly average wind speeds were recorded as 0.5-

1.7 for Igdir, 2.1-4.9 for Igdir airport, 1.0-2.5 for
Aralik, 0.9-2.2 for Karakoyunlu, and 0.8-2.2 m.sec-1
for Tuzluca. The monthly average wind speeds of
the Igdir airport station were recorded as two times
higher than the other stations.
In Figures 2-6, monthly average relative humidity (RH), monthly mean temperature (T), total
monthly precipitation (P) (except for Igdir airport)
and the strongest wind monthly values of the stations (W) for 2014-2017 are given with graphs. The
fact that the humidity and precipitation values are
low and the temperature is high during the months
when the strongest wind values are seen is very
important as an indicator of wind erosion. This
period is seen as March-October for Igdir airport
and March-September for Karakoyunlu, Aralik, and
Tuzluca.

FIGURE 2
Meteorological parameters for Igdir

FIGURE 3
Meteorological parameters for Igdir Airport

FIGURE 4
0HWHRURORJLFDOSDUDPHWHUVIRU$UDOÕN

FIGURE 5
Meteorological parameters Karakoyunlu
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FIGURE 6
Meteorological parameters for Tuzluca

Sample

TABLE 2
Results of analyses, dry sieving, and equations
μS/cm
%
%
Sand

Silt Clay

TC

OM

CaCO3

pH

EC

gr

>840 μ

<840 μ

>106 μ

<106 μ

EF1

EF2

1-1
59.2 24 16.8 SL 0.45 4.63 8.33 257 55.77
1-2
61.2 24 14.8 SL 0.90 4.55 8.19 195 47.20
1-3
62.2 28 9.8 SL 0.58 3.98 8.25 226 47.54
1-4
62.2 24 13.8 SL 0.71 3.82 8.19 274 40.20
1-5
63.2 25 11.8 SL 0.33 4.55 8.26 266 46.84
2-1
64.2 24 11.8 SL 0.97 4.46 8.2 435 43.45
2-2
59.2 27 13.8 SL 1.35 4.63 8.33 268 44.38
2-3
60.2 26 13.8 SL 1.35 5.11 8.28 245 40.10
2-4
58.2 25 16.8 SL 1.54 6.01 8.4 295 36.89
2-5
58.2 27 14.8 SL 1.48 5.76 8.3 400 40.74
3-1
59.2 24 16.8 SL 0.97 3.33 8.0 192 38.36
3-2
61.2 24 14.8 SL 1.16 2.44 7.97 267 37.03
3-3
64.2 22 13.8 SL 1.16 2.92 8.14 172 39.74
3-4
67.2 23 9.8 SL 1.03 2.68 8.14 174 43.52
3-5
62.9 27 10.1 SL 0.33 3.08 8.05 180 43.49
4-1
54.9 27 18.1 SL 1.29 9.50 8.25 221 54.02
4-2
54.9 26 19.1 SL 0.13 7.43 8.32 366 40.82
4-3
58.9 24 17.1 SL 0.77 7.31 8.6 239 35.62
4-4
59.9 24 16.1 SL 0.26 6.49 8.26 259 43.44
4-5
58.9 25 16.1 SL 1.61 7.47 8.36 241 39.96
5-1
80.9 13 6.1 LS 0.07 1.46 7.99 318 9.16
5-2
83.9 13 3.1 LS 0.13 1.83 8.0 1046 17.51
5-3
84.4 12 3.6 LS 0.07 1.22 8.21 259 14.19
5-4
84.9 12 3.1 LS 0.84 1.54 8.13 154 7.94
5-5
84.4 12 3.6 LS 0.13 1.62 7.97 1739 14.95
TC: Texture class; OM: Organic matter; EC: Electrical conductivity.

44.23
52.80
52.46
59.80
53.16
56.55
55.62
59.90
63.11
59.26
61.64
62.97
60.26
56.48
56.51
45.98
59.18
64.38
56.56
60.04
90.84
82.49
85.81
92.06
85.05

30.80
36.16
40.78
48.38
38.78
41.60
42.06
41.01
42.54
41.36
43.49
49.40
50.45
47.96
43.41
39.47
47.41
51.12
47.24
49.76
77.39
61.52
48.04
79.49
71.89

13.43
16.64
11.68
11.42
14.38
14.95
13.56
18.89
20.57
17.9
18.15
13.57
9.81
8.52
13.1
6.51
11.77
13.26
9.32
10.28
13.45
20.97
17.77
12.57
13.16

44.23
52.80
52.46
59.80
53.16
56.55
55.62
59.90
63.11
59.26
61.64
62.97
60.26
56.48
56.51
45.98
59.18
64.38
56.56
60.04
90.84
82.49
85.81
92.06
85.05

47.90
47.66
50.75
52.30
53.92
52.57
49.24
48.99
45.96
44.52
50.18
51.76
52.42
56.28
50.34
42.18
46.82
46.74
49.21
44.80
68.88
83.10
80.21
83.85
79.67

5 had loamy sand texture. The sand components of
the soil are very important as particles that trigger
and sustain the wind erosion during the saltation
phase.
It was found that organic matter (0.07-1.61) of
all samples was at very low and low levels and the
lime amounts (1.22-9.50) were lime and moderate
lime [31]. It was reported that the organic matter

Evaluating the results of the analyses, dry
sieving, and equations. Table 2 shows the results
of Erodible Fraction (EF) determined for the analysis, dry sieving, and equations related to the 5 repeated soil samples taken from 5 different points of
the area, which is described as the second erosion
area and where the Igdir airport is also located.
While samples 1-4 had sandy loam texture, sample
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The pH values (7.97-8.60) were measured as
mild alkaline and strong alkaline [37, 34]. Since
soil aeration and the water movement to the deeper
level is less in arid climates, pH has neutral or alkaline values. The electrical conductivity values representing the amount of salt in the soil were measured between 154-1739 μS/cm. According to these
values, the sampled soils were determined as salinefree and very slightly saline [44].

content of Turkish soils was generally low and the
rate of lime soils was very high in terms of lime
content, as a result of the assessment on approximately 250 000 soil samples [32]. According to the
data, it was found that wind erodibility group
(WEG) of the soil samples 1-4 was 3, soil erodibility index (I) was 193 Mg.ha-1.yr-1, wind erodibility
group (WEG) of soil sample 5 was 2 and soil erodibility index (I) was 300 Mg.ha -1.yr-1 [43].

Sand

Silt

Clay

OM

CaCO3

pH

EC

>840 μ

<840 μ

>106 μ

<106 μ

Regions
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

N
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

TABLE 3
Analysis of variance
Mean
S. D.
61.6b
1.5
60bc
2.5
62.9b
3.0
57.3c
2.7
83.7a
1.6
25a
1.7
25.8a
1.3
24a
1.9
23.9a
2.1
12.4b
0.5
13.4b
2.7
14.2b
1.8
13.06b
3.0
18.8a
4.0
3.9c
1.3
0.594bc
0.2
1.338a
0.2
0.93ab
0.3
0.812ab
0.6
0.248c
0.3
4.32c
0.4
5.2b
0.7
2.88d
0.3
7.64a
1.1
1.52e
0.2
8.26b
0.1
8.30ab
0.1
8.06c
0.1
8.38a
0.1
8.06c
0.1
243.6
32.7
328.6
84.0
197.0
39.9
265.2
57.9
703.2
677.8
47.5a
5.5
41.12a
3.0
40.42a
3.0
42.76a
6.9
16.76b
10.5
52.5b
5.5
58.9b
3.0
59.58b
3.0
57.24b
6.9
83.26a
10.5
39b
6.5
41.72b
0.6
46.96b
3.3
47b
4.5
67.66a
13.0
13.5abc
2.1
17.2a
2.9
12.64bc
3.8
10.24c
2.6
15.62ab
3.6

S. E.
0.7
1.1
1.4
1.2
0.7
0.8
0.6
0.8
0.9
0.2
1.2
0.8
1.4
1.8
0.6
0.1
0.1
0.2
0.3
0.1
0.2
0.3
0.2
0.5
0.1
0.0
0.0
0.0
0.1
0.0
14.6
37.6
17.8
25.9
303.1
2.5
1.3
1.3
3.1
4.7
2.5
1.3
1.3
3.1
4.7
2.9
0.3
1.5
2.0
5.8
1.0
1.3
1.7
1.2
1.6

F value
101.97**

60.04**

19.65**

5.52**

67.04**

14.66**

2.21ns

17.52**

17.54**

13.07**

3.85*

S.D.: Standard deviation; S.E.: Standard error; O.M.: Organic matter; E.C.: Electrical conductivity; ns: No significance.
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erties controlling the nutrient bioavailability and
microbial activity [49]. In this study, it was determined that there was a difference (p <0.01) among
the regions in terms of soil pH and while the highest pH value was observed in the second region, the
lowest pH value was observed in the third and fifth
region soils. No statistically significant difference
was found between the samples in terms of the
electrical conductivity values.
It was revealed as a result of the variance
analysis that the soil samples taken from different
regions were significantly different (p<0.01) in
terms of >840 μ, <840 μ, >106 μ, and <106 μ particles as a result of dry sieving. As a result of comparing the mean values, the highest mean value in
terms of >840 μ particles was observed in the first
region, the lowest mean value was determined in
the fifth region. While the soil samples taken from
the fifth region were in different group in terms of
>840 μ particle content, there was no statistical
difference between the other four regions and they
were in the same group. In terms of <840 μ and
>106 μ particle content, soil samples taken from the
fifth region had the highest value and were involved
in a group different from the other region soils. The
first, second, third and fourth region soils had no
difference in terms of <840 μ and >106 μ particle
contents and were involved in the same group. In
terms of the smallest particle content (<106 μ), it
was found that the highest and the lowest values
were observed in the second and fourth regions,
respectively. There was no statistical difference
between the soils of the first, second and fifth regions; on the other hand, the soils of the second
region were different from the third and fourth
regions and they were involved in a different group.
Soils of the fifth region were in the same group
with soil of third region but in different groups from
the soil of fourth region in terms of <106 μ particle
content. The first, third and fourth region soils were
involved in the same group in terms of <106 μ
particle content.

According to dry sieving results, the rate of
soil particles larger than 840 μ was found between
35.62 and 55.77% for the soil samples 1-4 and
between 6.94 and 17.51% for the soil sample 5.
PercentDJHRIVRLOSDUWLFOHVODUJHUWKDQȝVLJQL
fies the amount of the soil particles that are displaced by saltating during wind erosion. It was
found between 30.80 and 51.12% for the soil samples 1-4 and between 48.04 and 79.49% for the soil
sample 5. These results showed that all the soils
sampled were susceptible to wind erosion and the
soil sample 5 was more susceptible.
The erodible fractions (EF1 and EF2) obtained
with the help of Equations 1 and 2 were found to be
high for all samples and very high for sample number 5. Soils around the Igdir airport are susceptible
to wind erosion. During the arid climatic periods
(March-October), wind erosion along with the
strong winds is frequently seen.
Table 3 shows the variance analysis and multiple comparison test results of the examined properties of soils. Soil texture is one of primary properWLHVGHWHUPLQLQJWKHVRLO¶VFKDUDFWHUDQGVLJQLILFDQW
ly affects water movement and retention, aeration
and temperature properties, development and stability of aggregates, resistance to erosion, and nutritional element reserve in the soil [45]. As seen in
the table, while the highest sand percentage and the
lowest clay percentage were observed in the fifth
region, the lowest sand percentage and the highest
clay percentage were determined in the fourth region. It was determined that there was a significant
difference (p <0.01) among the regions in terms of
sand, clay and silt content determining the textural
classification of soils.
Organic matter affects soil health by influencing both chemical and physical properties of the
VRLO>@7KHVRLO¶VRUJDQLFPDWWHUDIIHFWVWKHVRLO
structure, the water holding capacity of the soil, the
activity of microorganisms and the usefulness of
nutrients [47] and as the amount of organic matter
in the soil increases, the aggregate stability also
increases [48]. In this study, it was found that there
was a significant difference (p <0.01) among the
regions in terms of organic matter content, the lowest organic matter content was observed in the fifth
region, and the highest organic matter content was
observed in the third region.
The lime (CaCO3) content of soils is one of
the factors influencing the aggregate stability. It
was found that there was a significant difference (p
<0.01) among the regions sampled in terms of lime
content. The highest lime content was determined
in the fourth region; whereas, the lowest lime content was found in the fifth region.
Soil pH has an effect on soil factors such as
soil bacteria, washing the nutrients, suitability, soil
structure, and toxicity of various elements which
are effective on plant development. Therefore, soil
pH is one of the most important chemical soil prop-

DISCUSSION
Wind erosion, which is known as an important
soil erosion event in arid and sub-arid regions [50]
is present as the second largest wind erosion area
(13.600 ha) of Turkey in Aralik district, Igdir province. The airport area located between Tuzluca and
Igdir has been featured as the second wind erosion
area (10.000 ha) in Igdir province with its wind and
soil characteristics. This area will be referred as
"Igdir University Erosion Area" in our future studies.
Igdir and its surrounding have strong wind potential. Aralik (1st Wind erosion area) and Igdir
University Erosion Area (2nd Wind erosion area)
having the strongest winds are the bare lands that
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[4] Whicker, J.J., Breshears, D.D., Wasiolek, P.T.,
Kirchner, T.B., Tavani, R.A., Schoep, D.A.,
Rodgers, J.C. (2002) Temporal and spatial variation of episodic wind erosion in unburned
and burned semiarid shrubland. J. Environ.
Qual. 31, 599-612.
[5] Whicker, J.J., Pinder III, J.E., Beshears, D.D.,
(2006) Increased wind erosion from forest fire:
implications for contaminant-related risks. J.
Environ. Qual. 35, 468-478.
[6] Honda, M., Shimizu, H. (1997) Study of
transport mechanism of Aeolian sediments
from the Taklimakan Desert: implication of
grain-size distribution and major element composition. J. Arid Land Stud. 7, 139-146.
[7] Chepil, W.S. (1942) Measurement of wind
erosiveness of soils by the dry sieving procedure. Scientific Agriculture. 25, 154-160.
[8] Sahu, B.K. (1964) Depositional mechanisms
from the size analysis of clastic sediments. J.
Sediment. Petrol. 34(1), 73-78.
[9] Visher, G.S. (1969) Grain size distributions
and depositional processes. Journal of Sedimentary Petrology. 39(3), 1074-1106.
[10] Barnorff-Nielsen, O.E., Christiansen, C. (1988)
Erosion, deposition and size distributions of
sand. Proc. R. Soc. London A Math. Phys. Sci.
417(1853), 335-352.
[11] Wang, X., Dong, Z., Zhang, J., Qu, J., Zhao, A.
(2003) Grain size characteristics of dune sands
in the central Taklimakan Sand Sea. Sediment.
Geol. 161(1-2), 1-14.
[12] Farrell, E.J., Sherman D.J., Ellis, J.T., Li, B.
(2012) Vertical distribution of grain size for
wind blown sand. Aeolian Res. 7, 51-61.
[13] Guan, Q., Zhang, J., Wang, L., Pan, B., Gui,
H., Zhang, C. (2013) Discussion of the relationship between dustfall grain size and the desert border, taking the southern border of the
Tengger Desert and the southern dust deposit
area as an example. Palaeogeogr. Palaeoclimatol. Palaeoecol. 386, 1-7.
[14] Liu, B., Qua, J., Ning, D., Gao, Y., Zu, R., An,
Z. (2014) Grain-size study of aeolian sediments found east of Kumtagh Desert. Aeolian
Research. 13, 1-6.
[15] Chepil, W.S. (1962) A compact rotary sieve
and the importance of dry sieving in physical
soil analysis. Soil Sci. Soc. Am. Proc. 26, 4-6.
[16] Chepil, W.S. (1953) Factors that influence clod
structure and erodibility of soil by wind: I. Soil
texture. Soil Sci. 75, 473-483.
[17] Mirzamostafa, N., Hagen, L.J., Stone, L.R.,
Skidmore, E.L. (1998) Soil and aggregate texture effects on suspension components from
wind erosion. Soil Sci. Soc. Am. J. 62, 13511361.
[18] Hagen, L.J. (2002) Processes of soil erosion by
wind. Annals of Arid Zone. 40(3), 235-254.

have lost their meadow quality. High temperatures,
low humidity and precipitation, and naturally high
evaporation values in Igdir and its surrounding
trigger wind erosion.
Overgrazing, destruction of vegetation for its
use as fuel, and insensitivity to soil protection
measures are human-induced negative effects that
promote wind erosion.
The above-mentioned negative effects reflected on the results of analysis and dry sieving. The
results were a large number of individual grains,
sandy loam and loamy sand textures with weak
aggregates, seldom organic matter; erosionsusceptible (<840 μ) particle amount in more than
half of the sample weight or percentage and they
were statistically verified.

CONCLUSION
Direct wind erosion measurements should be
made immediately on both erosion areas. Direct
wind erosion measurements provide more accurate
and reliable results compared to the modellings
although they are time consuming and costly studies.
By forming sample fields surrounded by
drought tolerant plant species, their effects reducing
wind erosion should be determined. This study is
necessary to change the incorrect habits of the local
people. It is inevitable to get the support of local
people in the result-oriented studies to be conducted
and it will increase the success rate.
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parameters e.g. intrinsic rate of increase, net reproductive rate, mean generation time, gross reproduction rate, theoretical population-doubling time,
finite rate of increase… etc.) of insects. Not only
offspring are affected by own environmentally and
genetically conditions but also maternal conditions
[1-7]. Maternal environment (general environmental maternal effects) has a significant impact on
vital rates of insect offspring [5]. One of most discussed maternal conditions is also maternal age [1].
Maternal age is a component of maternal phenotype
and can have an important role on offspring history
[2, 8]. Schwander et al. [6] reported that development of social insects can be certainly affected by
maternal age. A study about maternal age effect on
biological parameters of ("$ #! !#% (Harris) (Hemiptera: Aphididae) demonstrated that early-born daughters of pterous female aphids did not
produce winged offspring [9]. Contrary to this,
some late-born daughters produced a few winged
offspring. Offspring of older females are smaller
sized and have a longer development time to eventually have a normal adult body size [3, 4, 7]. Additionally, lifespan of these offspring are shorter [3,
7]. Maternal age effects on sexual insects are discussed broadly, but deficient for aphids. Many
studies regarding aphids were conducted by using
individuals, of which maternal age were unknown.
However, maternal age can have an important role
on size, survival rate, development rate, fecundity,
movement and defense mechanisms of progenies
[10-19]. Mousseau and Fox [20] suggested that
production of offspring increases with maternal age
in insects. However, Zehnder et al. [21] indicated
that offspring mass at maturity decreased with increasing maternal age of the oleander aphid, !#
" (Hemiptera: Aphididae). Also, the highest
offspring mass was found at middle aged mothers.
Nevertheless, Dixon et al. [22] suggested in a study
about maternal age effect on &"  ! 
(Scop.) and  %" & Buckt. (Hemiptera:
Aphididae) that the size of offspring bred at the end
of mother life increased. Fox [8] suggested that
development rate of offspring from older mothers in
 # "%%# %$%# (Coleoptera: Bruchidae)
was significantly lower than those of offspring from
younger mothers. Also, a study regarding maternal

The maternal environment has an important
influence on the survival rates of insect offspring.
One of the most prevalent maternal conditions is
maternal age. Maternal age may be more important
for aphids than other species due to their parthenogenetic and iteroparous feature. The study aimed to
explain maternal age effect on aphids by using life
tables constructed from parameters regarding the
offspring of younger-, middle-, and older-aged
mothers by using apterous parthenogenetic females
of ()%#!"# (Sulzer) (Hemiptera: Aphididae)
as a model insect. The intrinsic rates of increase
(rm) of the offspring of younger, middle and olderaged mothers were 0.319, 0.356, and 0.305 females/female/day and the net reproductive rates
(Ro) were 26.483, 38.095, and 21.474 females/
female, respectively. Total development times were
6.76, 6.54, and 6.63 days and the average total
fecundities were 26.08, 37.63, and 21.18 females/female, respectively. The survival rates and
the fecundity rates were fitted using the twoparameter Weibull distribution model and the
Enkegaard regression model, respectively. These
results demonstrated that populations of aphids
from every three maternal age groups were incremental type and the offspring of younger and middle-aged mothers had a regular reproductive period.
Consequently, the use of the offspring with high
breeding rate and potential during the mass production of aphids as a prey of natural enemies will be
more useful in view of time and economically.
Also, these results should receive attention to the
importance of knowing maternal age in studies
regarding Aphids.


(' "#
Biology, maternal effect, modelling, ()%#!"#, the
green peach aphid

$" %$ 
Many environmentally and genetically factors
can affect biological parameters (some life table
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age effects on "$$# !$$ Wied. (Diptera:
Tephritidae) of Lance and Nishimoto [23] reported
that maternal age had an important role on offspring
quality, and suggested that maternal age can affect
the hatching rate, adult emergence and flight ability.
Since the aphids are parthenogenetic and iteroparous; the effect of maternal age on them becomes
even more important. Herewith, it was thought that
maternal age effects on biological parameters of
aphids should be discussed broadly and modelled
by functional data, using some nonlinear regression
analysis.
Therefore, the aim of the study to investigate
the effect of maternal age on the biological features
of aphids using apterous parthenogenetic females of
()%#!"# (Sulzer) (Hemiptera: Aphididae) as
a model insect and demonstrate the interaction by
using curves of some lifetable parameters fitted
using the two-parameter Weibull distribution, the
Enkegaard regression and a cubic regression models.





    

bred at the 1st, 2nd, and 3rd days, 41 offspring bred at
the 7th, 8th, and 9th days, and 40 offspring bred at the
13th, 14th, and 15th days of oviposition period of
maternal aphids, respectively.
Each of these offspring was separately put in
petri dishes, at the base of which located a pepper
leaf, a thin damp sponge and blotting paper, to
observe parameters of development time, survival
rate, preoviposition time, oviposition time and
postoviposition time, and lifespan as long as the
experiment. After the offspring of maternal aphids
became adult, numbers of newborns bred from
these adults in different age groups were also recorded daily and then, these newborns were removed
from the petri dishes. The experiment was continued until death of all individuals, and conducted in
a climate chamber at 25ºC temperature, 60% relative humidity and 16:8 h (light:dark) photoperiod
conditions.

1.-:)*3-)5,9:):19:1+)3)5)3>919In the agespecific life table analyzes, intrinsic rate of increases (rm, females/female/day) for each age group of
!"# were separately calculated by using the
Euler-Lotka equation (
) re-

$"#$ #

59-+:)5,73)5:*8--,15/Pepper (!#%
%% L.) (var. Lodos F1) seedlings were transplanted to 1.5 l plastic pots, containing a mixture of
peat and sterilized soil (1:1 v/v). Afterwards, irrigation and maintenance processing for the plants were
made regularly. When the plants reached the 10-12
cm height, infection of ()%#!"# was provided by placing contaminated plant parts obtained
from nature onto these plants. If deemed necessary,
new uninfected plant addition for the insect stock
culture and irrigation process for the plants were
made in order to increase pest population and ensure the continuity of insect stock culture initiated
in this manner. Also, no fertilizer and chemical
control were performed against any pest or disease.
Productions of plants and  !"# were performed in climate rooms with 25±1ºC temperature,
60±10% RH and 16:8 h (light:dark) photoperiod
conditions.

=7-814-5:)3 -9:)*31904-5: Healthy and
apterous 17 aphids in 3rd or 4th nymphal stage were
randomly selected from the insect stock culture, and
each of these 17 aphids was separately put on pepper leaves in petri dishes at the base of which located a thin damp sponge and blotting paper, gently
touching by a fine paintbrush. Pepper leaves in petri
dishes were renewed once every 3 days. Apterous
parthenogenetic female aphids obtained from these
nymphs which transferred into the petri dishes were
assumed as maternal aphids, and 3 maternal age
groups were formed from offspring of these maternal aphids, considering the length of the average
oviposition period of the aphid. The I., II., and III.
maternal age groups were formed from 38 offspring

ported by Birch [24]. Where “x” is the female’s age
in days, “e” is Euler's number which is a mathematical constant (approximately equal to 2.71828), “lx”
is survival rate, and “mx” is fecundity rate (females/female) which is computed by multiplying
the mean number of offspring by the sexual ratio.
Also, net reproductive rate (, females/ female/offspring), mean generation time (, day),
gross reproduction rate ( , female offspring),
finite rate of increase (*, females/female/day), and
stable age distribution (') were calculated by using
the equations proposed by Birch [24]. In addition to
these, theoretical population-doubling time (,
day) using the formula proposed by Kairo and Murphy [25], reproductive value (', females/female)
using the formula proposed by Imura [26], and life
expectancy ( ', day) using the formula proposed by
Southwood [27] and Carey [28] were calculated.
The means and standard errors of the intrinsic
rate of increase (") values computed on the data
obtained from these populations, in order to be used
in comparison test, were calculated by the Bootstrap
resampling method with the estimates 2000 times
[29-33] and then, Tukey multiple comparison test
[34] was applied after One-Way ANOVA for these
rm, $ values of the intrinsic rates. Statistical analyses were performed by using IBM® SPSS® Statistics (Version 20.0, August 2011, SPSS Inc., Chicago, IL, USA) and MS Excel 2010 (Version 14.0)
package programs.
The two-parameter Weibull distribution model
was used to describe age-specific survival rate (lx)
of each age group of  !"# [35-38]. The parameters of this distribution model were calculated
according to the following formula:
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Where “

The values of intrinsic rate of increase, net reproductive rate, gross reproduction rate and finite
rate of increase reached their highest level at the II.
maternal age group. In contrast, theoretical population-doubling time was naturally the lowest at the
II. maternal age group. Also, mean generation time
was decreased depending on the maternal age. The
results indicated that the offspring bred at the middle maternal age of ()%# !"# were more
productive than the offspring bred at other maternal
age groups (Table 1).
The development times of the third and fourth
nymphal stages were the shortest at the II. maternal
age group, unlike times of the first and second
nymphal stages. The total development time of the
offspring bred at the middle maternal age of 
!"# was lower than those of the offspring bred
at other maternal age groups. However, statistically
significant difference was not found among them
(Table 2). Preoviposition time was very close to
zero in all three maternal age groups, and there was
no statistical difference among them. Additionally,
postoviposition times of all three maternal age
groups were also not statistically significant different from each other. Nevertheless, oviposition time
and lifespan were the highest at the II. maternal age
group, followed by the I. and III. maternal age
groups, respectively. As a result thereof, the ranking
of both daily and total fecundities became in the II.,
I., and III. maternal age groups way. The II. maternal age group was also statistically different from
other maternal age groups (Table 3).

” is the probability of survival at

x age, “x” is the female’s age in days, “b” is a scale
parameter and “c” is a shape parameter. The shape
parameter of the curve belonging to the age-specific
survival rate c>1, c=1 or c<1 correspond to
Deevey’s [35] type I, II or III survivorship curves,
respectively [36].
Description of the age-specific fecundity rate
(mx) of apterous adult females from I., II., and III.
maternal age groups of !"# was performed
by the Enkegaard regression model [39, 40].
Where “

” is the probability of fecundity at

x age (female/female/day), “x” is the female’s age
in days, “a” and “b” are constant parameters, “e” is
Euler's number which is mathematical constant
(approximately equal to 2.71828).
The parameters and the coefficients of determination (R2) in both models were obtained using
SigmaPlot® (Version 11.0, Systat Software, Inc.,
San Jose California, USA) package program. Also,
the 3rd order polynomial (Cubic) regression curves
of the gross reproduction rate (GRR) and total fecundity were drawn using the values obtained from
the I., II., and III. maternal age groups of !"#
 by MS Excel 2010 (Version 14.0).
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$6:)3-<-3674-5:$14-

5
38
38
38
38
38

/-86;7
)>?#
1.53±0.08 *
2.00±0.11 )
1.55±0.10 )
1.68±0.08 )
6.76±0.12 )




5
41
41
41
41
41

/-86;7
)>?#
1.95±0.07 )
1.73±0.08 )
1.37±0.08 )
1.49±0.09 )
6.54±0.11 )




5
40
39
39
38
40

/-86;7
)>?#
2.05±0.09 )
1.23±0.07 *
1.56±0.09 )
1.79±0.07 )
6.63±0.26 )

*The values (±standard error) of the total development time sharing same letters within same row do not differ significantly
from each other (Tukey’s HSD Test at P<0.05; FFirst nymphal stage = 9.145; df= 2, 116; P= 0.000; FSecond nymphal stage = 21.910; df=
2, 116; P= 0.000; FThird nymphal stage = 0.913; df= 2, 116; P= 0.281; FFourth nymphal stage = 1.283; df= 2, 116; P= 0.157; FTotal development
time = 1.943; df= 2, 116; P= 0.148).
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$ 
-<-3674-5::14-9,)>)5,8-786,;+:1<-<)3;-95;4*-86.6..97815/6.15,1<1,;)39.864,1..-8-5:
4):-85)3)/-/86;796.   
-<-3674-5:!-816,9
/-86;7
/-86;7
/-86;7
)5,"-786,;+:165
!8-6<17691:165$14-
0.05±0.08 )
0.00±0.06 )
0.18±0.07 )
<17691:165$14-
8.55±0.64 *
11.90±0.72 )
7.55±0.54 *
!69:6<17691:165$14-
1.11±0.05 )
1.22±0.07 )
1.05±0.06 )
1.-97)5
9.71±0.64 *
13.12±0.74 )
8.78±0.56 )
)13>-+;5,1:>
3.04±0.15 )*
3.34±0.13 )
2.67±0.14 *
$6:)3-+;5,1:>
26.08±2.44 *
37.63±1.96 )
21.18±1.63 *
5
38
41
40
*The values (±standard error) sharing same letters within same row do not differ significantly from each other (Tukey’s HSD
Test at P<0.05; FPreov. time = 1.592; df= 2, 116; P= 0.208; FOvip. time = 13.018; df= 2, 116; P= 0.000; FPostov. time = 1.899; df= 2,
116; P= 0.154; FLifespan = 12.538; df= 2, 116; P= 0.000; FDaily fecundity = 5.891; df= 2, 116; P= 0.040; FTotal fecundity = 17.846; df=
2, 116; P= 0.000).

%" 
;8<-96.31.-:)*3-7)8)4-:-896.:0-6..97815/*8-,)::0-)5,4):-85)3)/-/86;796.
   
the stable age distribution (Cx), changes in age
structure of the offspring bred at the II. maternal
age group were observed as more fixed than those
of others. The life expectancy (Ex) curve of the
offspring bred at the II. maternal age group began
19.16 days in the first age range and then, started to
diminish with the increasing age range and the
decreasing number of living individuals. This curve
began from 15.97 and 14.80 days in the I. and III.
maternal age groups, respectively (Figure 1).

Curves of life table parameters of individuals
from the I., II., and III. maternal age groups of 
!"# were given in Figure 1. Based on the
curves of the age-specific survival rate (lx), all
adults obtained from the offspring bred at the I., II.,
and III. maternal ages had been died on the 26th,
29th and 22nd days, respectively. The first deaths
were observed on the 10th day at the I. and II. maternal age groups, but on the 3rd day at the III. maternal age group (Figure 1). According to curves of
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models were given in Table 4. The Weibull distribution model gave a satisfactory fit for the age
specific survival rates (lx) of adult females in all
three maternal age groups. Based on the shape parameters of the Weibull functions regarding maternal age groups, it was understood that the age specific survival curves belonging adult females in all
three maternal age group were the Type 1 survivorship curve, that means the increasing population
type (Figure 2 and Table 4).
The cubic model gave a satisfactory fit for the
data of the gross reproduction rate (GRR) and total
fecundity. The 3rd order functions of the relations of
maternal age group with the gross reproduction rate
and total fecundity were found as “Gross reproduction rate (GRR)= 1.32*age group³–21.11*age
group²+63.78*age group” and “Total fecundity=
-2.25*age group³-0.53* age group²+28.85*age
group”, respectively (Figure 3).

The offspring, in all three maternal age
groups, began reproductive almost on the same day,
too. In additionally, the reproductive value (Vx) of
the offspring bred at the II. maternal age group
reached the highest value at the 8th day, such as
those of the offspring from other maternal age
groups. However, the highest reproductive value of
the offspring in II. maternal age group was 13.09
female/female. As for the offspring in I. and III.
maternal age groups, the highest reproductive values of them were 10.54 and 9.84 females/female,
respectively. Nevertheless, the highest fecundity
rates of the offspring from the I., II., and III. maternal age groups were 3.87, 5.05, and 3.21 female/female, respectively (Figure 1).
The description of the age specific survival
rates (lx) of adult females in different maternal age
groups of ()%# !"# using the two-parameter
Weibull distribution model was presented in Figure
2. Also, parameters of the Weibull distribution

%" 
$0-)/-97-+1.1+9;8<1<)38):-93=6.:0-6..97815/*8-,)::0-)5,4):-85)3)/-/86;796.
   .1::-,;915/:0-'-1*;33.;5+:165

I

II

III

%" 
$0- 8,68,-8763>5641)3;*1+8-/8-99165315-9"@ 15*6:06.:0-/86998-786,;+:1658):-""
)5,:6:)3.-+;5,1:>)::0-)5,4):-85)3)/-/86;796.   .1::-,*>#=+-3  
&-89165 
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$ 
!)8)4-:-896.:0-'-1*;33,19:81*;:16546,-3.1::-,:6:0-)/-97-+1.1+9;8<1<)38):-93=6.:0-6..97815/
*8-,)::0-)5,4):-85)3)/-/86;796.   
!)8)4-:-89
/-86;7
/-86;7
/-86;7
*#+)3-
11.232±0.112
15.071±0.331
9.942±0.232
+#0)7-
2.630±0.096
3.113±0.291
2.960±0.280
"@
0.996
0.965
0.976
"##
0.013
0.115
0.056
*The values of b and c parameters of the models are given with standard errors (P<0.0001).

%" 
$0-)/-97-+1.1+.-+;5,1:>8):-94=6.:0-6..97815/*8-,)::0-)5,4):-85)3)/-/86;796.
   .1::-,;915/:0-52-/))8,8-/8-9916546,-3
$ 
!)8)4-:-896.:0-52-/))8,8-/8-9916546,-3.1::-,:6:0-)/-97-+1.1+.-+;5,1:>8):-94=6.:0-
6..97815/*8-,)::0-)5,4):-85)3)/-/86;796.   
!)8)4-:-89
/-86;7
/-86;7
)
1.898±0.283
2.551±0.339
*
0.200±0.018
0.223±0.017
"@
0.646
0.650
"##
10.732
13.729
*The values of a and b parameters of the models are given with standard errors (P<0.0001).

/-86;7
1.545±0.274
0.187±0.022
0.412
8.020

I. and II. maternal age groups, but not for that of
adult females in the III. maternal age group. The
reason was that adult females in the III. maternal
age group had shorter oviposition period and less
fecundity than adult females in the I. and II. maternal age groups (Figure 4 and Table 5).


The Enkegaard regression curves for the age
specific fecundity rates (mx) of adult females in the
I., II. and III. maternal age groups of  !"#
were seen in Figure 4 and parameters of the Enkegaard regression models in Table 5. The Enkegaard
regression model gave a satisfactory fit for the age
specific fecundity rates (mx) of adult females in the
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7, 46].
Overall, the results of the present study
demonstrated that development rate of the offspring
of middle-aged mothers were higher than that of the
offspring of younger and older-aged mothers. The
offspring of older-aged mothers also had a higher
development rate when compared with offspring of
younger-aged mothers. However, development rates
of these three maternal age groups were no statistically different from each other. Likewise, it was
observed that offspring of middle-aged mothers had
a higher reproduction ability considering the intrinsic rates of increase (rm) and net reproductive rates,
(Ro) of these three maternal age groups. It also was
understood that the offspring of younger-aged
mothers had higher reproduction ability in accordance with that of older-aged mothers. There, however, was no statistically difference. The fact remains that these results were also supported by the
numbers of daily and total fecundity and the cubic
regression models of them. On the other hand, the
two-parameter Weibull distribution model used to
describe age-specific survival rate (lx) of each age
group of !"#demonstrated that populations
of aphids from every three maternal age groups
were incremental type. According to the Enkegaard
regression model fitted to the age specific fecundity
rates (mx), the offspring of younger and middleaged mothers had a regular reproductive period.
Also, their fecundity increased initially and afterward decreased. These results demonstrated that the
use of the offspring with high breeding rate and
potential during the mass production of !"#
as a prey of natural enemies will be more useful in
view of time and economically. Also, these results
should receive attention to the importance of knowing maternal age in studies regarding aphids.

In this study, it was found that middle-aged
female adults have a higher reproductive rate than
younger and older mothers. Intrinsic rate of increase
(rm) 0.319, 0.356, and 3.305 females/female/day on
pepper for the I., II., and III. maternal age groups,
respectively. However, La Rossa et al. [41] reported
that rm values of  !"# populations on nine
different pepper (!#% %%) cultivars
ranged from 0.174 to 0.281 females/female/day.
Also, the rm value of  !"# on pepper was
determined as 0.250 females/female/day by Ricci et
al. [42] and 0.330 females/female/day by Tremblay
and Souliotis [43]. Also in a study performed by
Vasicek et al. [44], the value ranged from 0.186 to
0.252 females/female/day for  !"# on six
different pepper cultivars. These three studies had
been conducted under the conditions of 20±1°C
temperature, 70% RH and 14:10 h photoperiod.
Therefore, it is possible to say that maternal age is
also influential on intrinsic rate of increase (rm) as
well as environmental factors such as food, temperature and humidity.
The present study demonstrated that total development times of immature stages were 6.76,
6.54, and 6.63 days for the I., II., and III. maternal
age groups, respectively. Kaydan et al. [45] found
that the developmental times for the immature stages of  !"# reared on ten different tobacco
( $ $%) varieties at 26±1°C temperature, 65±10% RH and 14:10 h photoperiod ranged
from 5.46 to 7.25 days, and the lowest and highest
intrinsic rates of increases (rm) calculated for 
!"# fed on different tobacco varieties were
0.287 and 0.401 female/female/day, respectively.
Also La Rossa et al. [41] informed that development times of immature stages ranged from 6.1 to
11.9 days, and the mean generation times (To)
ranged from 13.7 to 22.7 days. From these results, it
is understood that the effect of maternal age difference on the developmental stage is less than the
effect of relatively host plant variability.
Lifespans of the offspring produced by younger, middle-aged and older mothers of  !"#
were determined as 9.71, 13.12, and 8.78 days,
respectively, in the present study. Meanwhile, middle-aged mothers produced offspring which have
the shortest preoviposition, but longest oviposition,
and postoviposition period. Besides that, daily fecundity of this offspring group was higher than
others. With these effects, total fecundity value was
the highest for the offspring produced by middleaged mothers. Zehnder et al [21] pointed that offspring lifespan differences between the younger and
older mothers was 9.3% for  " and older
mothers produce offspring with short life expectancy, and these offspring matured at a younger age.
Also, offspring of older mothers have mostly shorter adult lifespans than those of younger mothers [3,
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ABSTRACT

industry [1].
Water chemistry is an important factor in determining how the water will be used for domestic,
irrigation or industrial purposes, and/or how the
water must be treated before use. In almost all cases, major ions constitute 95±99% of the total dissolved inorganic solutes of natural waters [2, 3].
The relative abundance of the constituents dissolved
in groundwater is: (1) Major constituents ± 1 to
1000 mg/L: Ca2+, Mg2+, Na+, Cl-, SO42-, HCO3-; (2)
Secondary constituents: - 0.01 to 10.0 mg/L (NO3for example), (3) Minor constituents: 0.0001 to 0.1
mg/L (As, PO43-, etc.) [4]. In groundwater, only
seven solutes make up nearly 95 percent of all water solutes [5, 6]. These solutes are Ca2+, Mg2+, Na+,
K+, Cl-, SO42- and HCO3-. The presence of carbonate depends on the pH. pH> 8.3, the carbonate
is present with the bicarbonate [7]. In addition to
the seven predominant solutes in water, some other
solutes known as trace elements typically exist in
very small quantities, as do particular isotopes of
dissolved constituents.
In addition to the seven predominant solutes in
water, some other solutes known as trace elements
typically exist in very small quantities, as do particular isotopes of dissolved constituents. While lithology is a major controlling influence of groundwater chemistry and quality, other important factors
that may impact groundwater characteristics include
climate, geological setting (regional topography),
groundwater velocity, quality of recharge waters,
interaction other intersecting water sources, including saline water intrusion in coastal areas, and human activities [2, 3, 8].
Groundwater NO3- concentrations are affected
by the source of N in the aquifer, climate, soil and
rock geochemistry, groundwater hydrochemistry,
the total area of the aquifer recharge zone and
pathway of groundwater. Limestones, which are
permeable due to their layered, fractured structure,
represent the main aquifer in the study area [9, 10],
supplying water at a relatively high flow rate. NO 3ion occurring in the soil is expected to react with
CaCO3, which aids in the transport of NO3- to

Groundwater is a major source of water for
domestic, industrial and agricultural uses in many
parts of the world, where arid environments are
common. Groundwater was collected from 120
wells in a semi-arid and calcareous area, area of
Gaziantep, Southeastern Anatolia to determine
hydrochemical characteristics, mechanisms for
nitrate transport, the concentration of major ions.
Relationships between ion concentrations (as
meq/L) were analyzed through linear modeling and
calculation of coefficients of determination (R2).
The relationships between NO3- and alkaline earth
metal ions (M2+) (excess [Ca2++Mg2+] over
[HCO3-]) were investigated. There is a strong linear
relationship (R2>0.90) between molar concentrations of the excess M2+ and NO3- ions. Nitrogen
compounds originating primarily from microbiallydriven processes such as nitrification are expected
to react with carbonate minerals (e.g., CaCO3) and
may migrate to groundwater as in the following
reaction;

KEYWORDS:
Nitrate transport, major ion chemistry, groundwater,
hydrochemistry, calcareous semi-arid region

INTRODUCTION
Reliable freshwater resources, which are unevenly distributed in many parts of the world, are
increasingly under pressure due to rising populations and diverse water-intensive activities that
strain availability and quality. Where fresh surface
water is unavailable or inconsistent, groundwater is
exploited to meet municipal, agricultural and industrial demands. The distribution of freshwater resources is often highly skewed. In Turkey in 2007,
for example, 55% of groundwater was allocated to
irrigation and the remainder to drinking water and
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groundwater via natural processes.
Understanding the quality of groundwater as
well as quantity is essential in developing an operational plan for long-term maintenance of a limited
resource. Often the assessments that are most useful
are spatial and temporal trend analyses of multiple
metrics including a variety of contaminants. Obtaining a utilitarian analysis of groundwater is hampered, in many cases, by incomplete and/or inaccurate data. One of the major shortfalls of historical
water quality management and hydrochemical studies is imprecision in objectives and water quality
standards, leaving gaps in the understanding of
trends as well as appropriate interpretation of existing information. The value of hydrochemical data
can be bolstered by improved analytical methods
such as fuzzy mathematics and multivariate statistical techniques [11, 12]. In addition, the application
of up-to-date remote sensing methods and geographic information system (GIS) to map and estimate the occurrence and structure of groundwater
contamination onlocal and regional scales can prove
a valuable asset in water resource assessment.
This paper presents findings of a study that
evaluated the chemical composition of the groundwater in the study area and investigates the possible
lithologic and anthropogenic sources of the identified chemical solutes. Stoichiometry was used to
calculate the quantitative relationships between
species in aqueous solution. Stoichiometric calculations were based on the relationship between molar
concentrations (meq/L) of major ions.
This study was a wide-ranging evaluation of
groundwater within the semi-arid-calcareous region. The resulting water chemistry data 1) evaluates the transport of NO3- to groundwater, 2) provides information on major ion chemistry and water
quality for multiple uses, 3) investigates the possible lithological and anthropogenic sources of the
identified chemical solutes and 4) acts as a benchmark for future research.
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borehole for about 5-10 min. to remove stagnant
groundwater. The bottles were thoroughly rinsed
with aliquots of the sample water prior to collection. The samples were filtered and stored in the
laboratory at 4 °C until processing. Water samples
for cation analyses were acidified with HNO3 to a
pH of 2, to avoid precipitation of metals and to limit
microbial activity. Although not specifically quantified; groundwater samples were visibly colorless
and odorless. Temperature of both the groundwater
samples at collection and the atmosphere was about
the same, varying between 18 and 24 °C.
Chemical reagents, apparatus. All chemicals
used for analysis were reagent grade. High purity
distilled water was used in all analytical procedures.
Measurement apparatus for general water characterization included a color meter (HachLange, lico 500
Model) (ISO 7887), turbidimeter (HachLange, 2100
AN IS Model) (ISO 7027), pH meter (WTW, 730
Model) (ISO 10523) and specific conductivity meter (WTW, 720 Model) (EN 27888). Total organic
carbon was determined according to EN 1484 using
a Teledyne Tekmar TOC analyzer; ion concentrations were quantified using ion chromatography
(DIONEX ICS 5000, Thermo Scientific) and trace
metals were analyzed by ICP-OES (Optima 2100
DV, Perkin Elmer, Waltham, MA, USA).
Major ion analysis. Standard ion chromatographic methods have been established by USEPA
and ISO for regulatory purposes based upon IC. For
determination of the anions Cl-, NO3-, SO42-, F- and
NO2-, ISO 10304-1 (2007) standard method was
used; for the cations Ca2+, Mg2+, Na+, NH4+and K+,
EN ISO 14911 (1998) standard method was used.
Titration with dilute acid was used to determine
HCO3- alkalinity (APHA 2320).
Three water samples were collected from
some sample points to determine the reproducibility
of the whole analytical procedure. The relative
standard deviations (RSD) were found less than
10% for all studied analytes.

MATERIALS AND METHODS
RESULTS AND DISCUSSION

Sample Collection. Groundwater samples
from 120 drinking water wells were collected in
May 2014 in five regions of Gaziantep, a semi-arid,
calcareous area in southeast Anatolia. Well numbers are given in parentheses; Gaziantep (G:1-15),
Nizip (N:16-51), KarJDPÕú-2÷X]HOL .-71),
Araban (A:72-99) and Yavuzeli (Y:100-120)
(Fig.1). The depth of the wells ranged from 3 to 360
m (mean ± standard deviation of 108 ± 52 m). The
water samples were collected by using motorized
and/or hand pump fitted boreholes. Prior to sampling the sample bottles were soaked in 10% HNO3
and then rinsed with clean distilled water and stored
and transported with lids on to prevent contamination. Before sampling, water was pumped out from

Study area (geology, geography and climate). The study area is in Gaziantep (SouthEastern Anatolian region of Turkey). The transitive
Mediterranean and Continental climate of the study
area is marked by sharp seasonal variations in both
temperature and precipitation. The air temperature
in the study area ranges from -16.8°C (January) to
42.0°C (July) (Turkish State Meteorological Organization 1960-2006).
Sedimentary units are the most common lithologies, having been formed from the Jurassic to
Quaternary period. Ophiolitic units can be seen
within the basement of the study area. The
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stones, respectively. These limestones, which are
permeable due to their layered, fractured structure,
represent the main aquifer in the study area, supplying water at a relatively high flow rate. Some
springs are detected in northwestern part of the
study are which discharges from the contact of
OLPHVWRQHV DQG LPSHUPHDEOH XQLWV ùHOPR )Rrmation composed of conglomerate, sandstone, shale
and mudstone succession, non-conformably overOLHV )ÕUDW )RUPDWLRQ ùHOPR )RUPDWLRQ FRXOG
neglect by means of hydrogeological due to it is
limited spread in the study area. The Yavuzeli basalts which formed during Upper Miocene are generally olivine basalts and spread over in the northern and southern part of the study area. These volcanic rocks are partially permeable because of flowing and cooling cracks. Plio-Quaternary deposits
composed of welded sandstone, conglomerate and
siltstone and Quaternary deposits are composed of
non-welded sediments range from block size to
clay. Both Plio-Quaternary and Quaternary deposits
are high permeable deposits [9, 10]. The geological
properties of the study area are shown in Fig.1. The
sampling points and surface water resources are
also illustrated.

allochthonous units revealed in the outcrops found
in the southwestern section of the study area are
formed via collusion of the Arabic and Anatolian
plates (Fig. 1). Sedimentary rocks are generally
common in the study area; basaltic volcanic rocks
originated mainly from Middle to Upper Miocene
volcanism [9, 10].
The basement unit of Koçali Ophiolitic Complex is composed of ultrabasic rocks, serpentinites,
shale, agglomerate, and limestones. Karadut Complex which composed of silicified shale and limestones is tectonically in contact with Koçali Ophiolitic Complex. These units host low yield springs
due to the partly permeable structure as a result of
the highly faulted structure. Besni Formation which
overlies basement units is composed of conglomerate, sandstone and limestones. Besni Formation is
not important for the hydrogeological setting because of its limited spread. Germav Formation is
non-permeable due to it is marl and clayed limestone dominant lithological feature. Carbonate
rocks which formed from Middle Eocene to Lower
Miocene are widespread in the southern part of the
study area. The Hoya Formation is composed of
GRORPLWLF OLPHVWRQHV ZKLOH *D]LDQWHS DQG )ÕUDW
Formations are composed of clayed and reefal lime-

FIGURE 1
The map showing general geological properties of study area with sampling points
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TABLE 1
Results of chemical analysis of groundwater samples from the current study, and reported
physicochemical characteristics of selected groundwater samples reported in the literature from
Turkey and other global locations.
Sampling location

Ca2

Four quaternary aquifers,
Germany; n: 2-12

Mean
s(a)

54100

M
g2+
388
16
±1
2
5015
0
5015
0
129

Damascus University
Campus, Syria n=147

Mean
s

107:
134

26:
34

32:1
05

4:5

Yarmouk River Basin,
Jordan; n=143 wells
Scotland, n:6-54

Mean

52

28

86

6

Mean
s
Mean
s(a)

22:1
04
59:1
46

3:2
8
39:
61

8:54

1:5

36:6
6

6:3
5

Pisuerga River Aquifer,
Spain; n=32

Mean
s(b)

160:
125

64:
54

67:1
21

3:9

A gas exploration well,
New Zealand, n=31

Rang
e

4-8

1.5
-5

305327

Dalian, industrial regions
in China; n=69
Chougafiya basin, Tunisia; n=45

Rang
e
Rang
e

70303
38594

Mean
s(a)
Mean

1756
120

18296
14236
9
1565
99

0.0
-13
0.0
-33

Teojen area,
Korea; n: 3-77
A sedimentary island,
Malaysia; n=59
The Ashikaga area of
central Japan; n=23
Algarve, Portugal;
n: 2-11

1280
749
5
0.2
-11
21

Rang
e
Mean
s(a)

1145
111338

114
2175

6-44

1-3

48413

219

Kütahya Plain, Turkey;
n=21

Mean
s(b)

22:1
54

7:2
38

2:10
5

1:1
59

6DQGÕNOÕSODLQ$I\RQ
Turkey; n=38
Mediterranean coastal,
Silifke, Turkey; n=21

Rang
e
Mean
s(b)

2478
28:4
4

428
25:
30

4-70

0.4
-29
4:8

Tarsus coastal plain,
Mersin, Turkey; n=193
Harran Plain, GAP Project, Turkey; n=24

Median
Rang
e

80

42

53

2

39169
276
403
275
:73
1
49516
234
:30
2
297

41495

6379

188

6381

15619

Cihanbeyli basin, Central
Anatolia
Amik Plain, South of
Turkey; n:42, 42, 92

Mean

136

263

9

262

347

5190
2
672

Mean
s(b)

42:1
49

183:
231

4:4

303:
802

Mean
s(b)

54:6
6

35:3
8

1:2

123
:20
3
286
:34
6

252:
262

Tefenni plain Burdur,
Turkey; n=28

1220
3
11
5
86:
10
8
35:
36

26:2
7

38:4
0

In surrounding of
Gaziantep, Turkey n=120

Value
Rang
e
Mean
±SD

+

4185
85±
29

Standard values*

75200

Standard values*

75200

Nottingham, UK; n=100

Na+
2227
18±
29

K+
1186
14±
32

HC
O349653
297
±83

100200

SO4

NO

2-

3

2102
16±
19

2253
30±
32

30250

25250

45

7.0-8.5/
6.5-9.2

6502500

[13]

6.5-9.2/
7-8.5

5001400

[14]

Cl3438
31±
63

pH
6.9-8.0
7.5±0.2

EC
3202120
604±2
69

Literature
The
current
study

200

12

300

200600

200400

50

1-19

0-3

232
451
290
:34
6
231

1-39

4-26

313

62:1
59

55:2
09

36:
49

7.1:7.2

825:1
262

[16]

125

65

14

7.8

873

[17]

53:
281
210
:44
1
388
:35
2
444
512
46310
122
720
74178
354

9:16
3
55:1
41

6:89

6.7:7.8

102:
152

0.3:
4c
10:
13c

62:8
3

277:
249

103
:89

7.5:7.3

1132:
1202

[20]

140151

<2

7.2-7.9

12701424

[21]

34802
10480
8
1751
288

46369
8393
5
1334
40

39626
0.0129

6.5-8.7

7503440

[22]

839

6.3-8.2

2-26

3-46

87109
7
2:17
4

48296

0.017
40349

3:64
9

7139
107:
209

5423
44:4
9

68

74

11

116:
137

1-3
5

[15]

[18]
[19]

6.5-7.9

[23]
229507
1182

[24]

8304440
9003900

[26]

7.5:9.1

483:3
135

[28]

7.1-8.8

2172000
881:1
151

[29]

7.5

906

[31]

2699

6.9-7.6

4694848

[32]

56

7.7

2511

[33]

7.8:7.8

2128:
2750

[34]

7.1: 8.0

1221:
1117

[35]

7.3
6.1-7.5
6.9-7.6

8.0:8.3

4:1
7

[25]

[27]

[30]

'ULQNLQJZDWHUVWDQGDUGVIURPYDULRXVGLUHFWLYHVDUHDOVRVKRZQ8QLWVDUHPJ/H[FHSWS+(& ȝ6FP
*Low values for desirable standard limits, high values for maximum permissible standard limits; (a) The values of different sampling
regions; (b) The values for the different season; SD: Standard deviation; cNO3-N; TSE: Turkish Standards Institution
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ity of groundwater for irrigation, many indices have
been developed and some of the most common and
utilitarian were utilized in the current study. The
method of calculation for the various suitability
indices and the relative meanings of the different
narrative or numerical values are not described in
detail here although the general summaries are
provided.

The sources of major ion concentrations
and water chemistry. Due to importance of
groundwater chemistry in means of both groundwater origin and quality many studies on water chemistry and the concentrations of dissolved constituents in groundwater in different parts of the world
as well as Turkey (Table 1). Geological and hydrogeological status of the study area is dominated by
calcareous rocks, and the main water type is CaHCO3. Unconfined (phreatic) aquifer conditions are
common for the study area, which makes groundwater system available for relatively unrestricted
recharge from the surface but also leaves them
vulnerable to surface-source pollution including
leaching of NO3- and on the contaminants.
As the concentrations of Ca2+ and Mg2+ vary
with the location of the groundwater samples, hardness naturally also varies. Not surprisingly, EC,
which is often a reliable surrogate for dissolved ion
concentrations in water, also varied (320-2120
ȝ6FP 7KLVYDULDELOLW\FDQEHSULPDULO\DWWULEXWHG
to geochemical processes like calcite and dolomite
dissolution (Eq. 1.5) and ion-exchange reactions
(Eqs. 1.1-1.2), hydrolysis of silicate and other rockwater interactions.

Calcium and magnesium. Within an aqueous
media, CaCO3 has low solubility and will quickly
achieve chemical equilibrium which will remain
stable unless there are substantial changes occurring
within the system that will drive solution concentrations in one direction or the other. It is the reaction
of CO2 with an acidic aqueous media that promotes
dissolution of carbonate rocks, a process that will
continue until saturation is reached. This process
yields a thin layer consisting of Ca(HCO3)2 that is
located on the surface of moist carbonate minerals
[3, 7, 36].
Eq. (1.4)
Eq. (1.5)

Ca2+ + Na2 í  ݁ݐ݅ݐܿ݁݉ݏļ 2Na+ + Ca í
݁ݐ݅ݐܿ݁݉ݏ


Eq. (1.1)
2Na+ + Ca-clay ļ1D2-clay + Ca2+ Eq. (1.2)

The concentration of Ca2+ ion can vary significantly in surface and ground waters. It typically is
found in a range of 4 to 200 mg/L (10±500 mg/L of
hardness as CaCO3) in drinking waters [37].
Sources containing over 200 mg/L Ca2+ are rare and
are more often located in arid regions, such as the
southwestern United States [37, 38]. High
Ca2+concentrations are not considered a health
concern although concentrations above 50 mg/L can
be problematic due to the formation of excess CaCO3 in the body. Magnesium salts are soluble and
natural water sources typically containing concentrations of up to 10 mg/L Mg2+; concentrations
greater than 100 mg/L Mg2+are rare [39].
In the groundwater samples studied here, Ca2+
ranged from 3 to 185 mg/L, with a mean (± Std.
Dev.) of 84±30 mg/L. Notable differences in Ca 2+
concentrations in the current study were identified
at the sampling points of 31, 32, 47, 65, 68 and 77
(Fig.1). Of 120 samples collected and analyzed, 26
(22%) exceeded the permissible limits set by WHO
[14] and US EPA [40]. Concentrations of Mg2+
varied between 3 and 89 mg/L with a mean (± Std.
Dev.) of 16 ± 12 mg/L. Only three of 120 samples
exceeded the permissible WHO and ISO standards
(50 mg/L) (Tables 1 and 2). Under the right conditions dissolved Ca(HCO3)2 and Mg(HCO3)2 are
converted to insoluble forms of CaCO3 and MgCO3
as described in the Eq.1.5, working from right to
left.

Because collected water samples were found
to be relatively circum neutral (pH range of 6.98.0), groundwater is unlikely to be sufficiently
acidic to cause dissolution of heavy metals from
mineralized rocks that would significantly increase
metal concentrations in groundwater.
Large amounts of Ca2+ and Mg2+, which constitute the majority of total water hardness (TH), are
found in natural water as (Ca(HCO3)2 and
Mg(HCO3)2). These HCO3- compounds are associated with carbonate (or temporary) hardness. Using
the WHO [14] classification system, the groundwater samples were moderately hard (7%), hard (65%)
and very hard (28%). Boiling water does not alter
permanent hardness but can reduce temporary hardness. This is because the bicarbonate ion is unstable
at 100 °C, with some converted to H2O and CO2
(and lost to the atmosphere) and some converted to
carbonate ions (Eq.1.3) [3].

Ca(HCO3)2(ܾ )݈݃݊݅݅ļ CacO3 + CO2 +
Eq. (1.3)
H2O
Since the chemical composition of irrigation
water can affect both the agricultural product and
the soil quality, it is important to have a clear understanding of the quality of irrigation water. Not
only can contaminants in groundwater reduce yield
through long-term chronic toxicity, but certain
elements can bioaccumulate inedible biomass, posing a threat to consumers. To evaluate the suitabil-

Sodium and potassium. In the groundwater
samples, Na+ was found to be a dominant alkali ion
and the concentration of K+ was less than 10.0

7483

© by PSP

Volume 27 ± No. 11/2018 pages 7479-7491

mg/L. Natural sources of K+ in water include chemical weathering and subsequent dissolution of minerals from sedimentary rocks, as well as silicate and
clay minerals. The typical range of Na+ in groundwater is between 6 and 130 mg/L, although lower
concentrations (e.g., 1-20 mg/L) are also common.
When Na+ concentrations exceed about 200 mg/L,
the taste of water or drinks made with high-Na+
water deteriorates. The harmful effects of Na+ in
humans include hypertension which can lead to
multiple secondary problems including heart failure. Potassium is abundant in nature; concentrations
in natural waters are often in the 1 to 10 mg/L range
[2, 36, 38]. Like Na+, K+ is an essential mineral but
interestingly can have an opposite effect in the
human body by lowering blood pressure. In the
groundwater samples collected in five regions of
the study area, concentrations of Na+ ranged from 2
to 227 mg/L with a mean (± Std. Dev.) of 18±29
mg/L. A large number of samples (93%) had Na+
concentrations below 50 mg/L. Potassium concentrations ranged from 1 to 186 mg/l with a mean (±
Std. Dev.) of 14±32 mg/L. Potassium in six of 120
samples (5%) exceeded 12 mg/L [14] (Tables 1 and
2).
Na+ in the groundwater is derived mainly from
ion-exchange reactions (such as Eq.1.1) between
Ca-rich groundwater and clayed limestones of the
Gaziantep Formation. Sodium was particularly high
in wells numbers of 22, 34, 47, 48, 59 and 61
(Fig.1), both in terms of meq/L and as a percent of
the major cations present. Levels of both Na + and
K+ ions in groundwater are driven by several factors
although dissolution of minerals from parent materials and cation exchange are significant. Anthropogenic sources may contribute both Na+ and K+,
particularly from wastewater. Sodium can be substantially elevated in both domestic and industrial
effluent streams. Increases in soil permeability can
also increase the concentration of Na + in groundwater [38].
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mation supports the current data indicating the
dominance of divalent cations, especially Ca2+, in
regional aqueous and solid media.
Under normal surface water pH conditions
(pH<9), HCO3- predominates [42]. Natural water
concentrations range from < 25 mg/L in areas of
non-carbonate rocks, to >400 mg/L where carbonate rocks are present. In contrast, the concentrations of CO32- in surface and groundwater are usually quite low and nearly always less than 10 mg/L
[7, 38, 42]. The maximum permissible limit for
HCO3-was identified as 300 mg/L [14]. Based solely on HCO3-, therefore, some groundwater from the
study area is not acceptable as drinking water.
In the current study, HCO3- concentrations
ranged from 40 to 623 mg/L with a mean (± Std.
Dev.) of 297±83 mg/L. Sixty-three (63) of 120
samples (53%) exceeded the permissible limit for
drinking water (Tables 1 and 2) [14]. The concentration of CO32-in the study samples was too low to
be measured by the titrimetric methods used.
Sulfate. SO42- is a soluble anion commonly associated with the cations Na+, K+ and Mg2+. Sulfate
is also produced under natural conditions in the
environment [3] from the oxidation of elemental
sulfur, metal sulfides; pride (Eq.1.7), (Eq.1.8) or
organic sulfur (Eq.1.9).

Sí( )݁ݐ݅ݎݕ+ 72 O2 + H2O ĺ 2SO42í aq) +
Eq. (1.7)
2H(aq)
Sí(݉݁ )݂݈݁݀݅ݑݏ݈ܽݐ+ 2O2(g) ĺ 2SO42í aq)
Eq. (1.8)
On the other hand, the amount of SO42- in
groundwater may be affected by biogeochemical
processes, source of the well water and water residence time.
Eq. (1.9)
Normally, SO42- concentrations in surface waters are between 2 and 80 mg/L. In 1970, the US
Public Health Service detected SO42- in 645 of 658
groundwater supplies with levels range from <1 to
770 mg/L, with a median of 5 mg/L [43].
SO42- concentrations ranged from 1 to 102
mg/L with a mean (± Std. Dev.) of 16±19 mg/L. All
measured SO42- concentrations were below the
established MCL (250 mg/L) for drinking water
[43]. There were some key SO42- concentration
differences among the different groundwater sampling points, as well as in contrast to data from the
literature (Tables 1 and 2). At many of the groundwater locations, SO42- was quite low, with concentrations below 2.4 mg/L (25, 30, 36, 76, 83, 92 and
96).
Sulfate is subject to chemical transformation
depending on the conditions of the environment in
which it exists. Relatively low SO42- concentrations

Bicarbonate. Since carbonates are present in
many different types of rock, carbonate chemistry is
relevant to the evolution of most groundwater [7].
Because, the common mineral in the study area is
limestone, the main dissolution mechanism is
shown in Eq.1.5. The greater the amount of available CO2, the lower the water pH and the greater the
extent of carbonate mineral dissolution (Eqs.1.41.6).
Eq. (1.6)
Calcite and dolomite are common minerals in
the study area [9, 10] and are major contributors of
HCO3-, which is reflected in the typical soil chemistry of the area. The mean soil pH and CaCO3 content (%) of Gaziantep soil samples ranged from 7.9
to 8.4 and 11 to 67%, respectively [41]. This infor-
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in some of the sampled wells may be due to SO42reduction as shown in Eq.1.10, as well as ionexchange. Ion exchange may also substitute Cl- for
HCO3- and SO42- (Eq.1.11) [2].
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ions to the solution as a result of processes such as,
dissolution of salts, hydrolysis of minerals, entry of
Cl- from rainfall water, ion exchange, etc. The
highest chloride content occurs in the discharge
zones of the underground water, due to the normal
evolution of the water since it enters the area by
recharging the rainwater to its respective discharge
zone the chloride contents in discharge zones can
exceed 1000 mg /L. The recommended upper limit
for Cl- in potable water is 250 mg/L. High concentrations of Cl- are generally not toxic to humans
although the associated cation, particularly Na+, is
associated with hypertension and other adverse
conditions [44].
Chloride concentrations in the sampled wells
ranged from 3 to 438 mg/L with a mean (± Std.
Dev.) of 31±63 mg/L. Five samples (21, 22, 47 and
64) exceeded the permissible limit value of 250
mg/L (Tables 1 and 2). This taste threshold is 210
mg/L for NaCl, 310 mg/L for KCl and 222 mg/L
for CaCl2 [2]; presumably, this threshold would also
apply to other consumable liquids (such as tea) as
well.
The concentrations of F- ranged from 0.00 to
0.78 mg/L with a mean (± Std. Dev.) of 0.17 ± 0.06
mg/L. None of the samples exceeded the F- permissible limits.

SOí+ CH4 ĺ+&2í+ HSí+ H2O
Eq. (1.10)

HCOí ĺ +&2í + SOí ĺ 62í +
HCOíĺ62í+ Clíĺ&Oí+ SOíĺ&Oí
Eq. (1.11)
Chloride and fluoride. Chloride is a conservative ion that is often little changed during the
hydrological cycle. However, in the down gradient
pathway of groundwater, particularly with increasing depth and water residence time, there is an
increasing possibility of ion exchange with HCO3being replaced by SO42- and Cl- (Eq.1.11) [2]. There
was not, however, a linear relationship between Clconcentration and well depth in this study
(R2<0.01).
Chloride is generally present at lower concentrations in common rock types than any of the other
major constituents of natural water, and usually
occurs at concentrations less than 100 mg/L. Chloride is often found below 10 mg/L, and sometimes
below 1 mg/L, in unpolluted water. The increase of
chlorides is seen as the water flows and interacts
with the sediments, which causes the passage of

TABLE 2
Range and mean of groundwater concentrations (mg/L) with standard deviation (SD) for major ions and
physicochemical characteristics within sample well groups. 8QLWVDUHPJ/H[FHSWS+(& ȝ6FP
We
ll
No
s.

P
No.
oi
of
nt
Well
Se
s
t

115

15

1651

36

5271

20

7299

28

100
21
120

G

N

K

A

Y

Con
centNO3ration
Rang
e
Mea
n±1
SD
Rang
e
Mea
n±
SD
Rang
e
Mea
n±
SD
Rang
e
Mea
n±
SD
Rang
e
Mea
n±
SD

HCO3

Cl-

SO42-

-

F-

K+

Na+

Mg2+

Ca2+

pH

EC

TOC

5.056.4

4.379.2

3.422.1

183515

0.050.21

1.612.5

2.349.5

12.434.8

32.2137.4

7.228.04

320873

0.451.1

(19.6±
13.9)a

(17.6± (11.3±
18.9)ab 5.9)a

(316±
82)ab

(0.13±
0.04)a

(9.6±3
.1)a

(15.2± (23.4±
10.8)ab 7.4)c

(68.3±
27.5)a

(7.70±
0.22)b

(523±
14.4)a

(0.63±
0.16)a

1.9104.8

3.2440.2

2.489.3

185 - 0.0653
0.66

1.6186.0

3.2226.8

4.167.9

41.6185.4

6.867.69

3352120

0.01.24

(24.6± (51.5±
25.1)ab 95.7)b

(22.7±
25.6)b

(329± (0.22±
90.3)b 0.15)b

(22.8±
48.3)a

(28.6±
44.6)b

(15.4± (96.4±
12.6)ab 29.6)b

(7.39±
0.20)a

(702±
387)b

(0.50±
0.30)a

2.594.9

3.2273.7

4.8102.2

49481

0.090.78

2.7144.3

3.596.4

4.087.7

6.957.92

0.00.0

(43.0±
22.9)b

(55.8±
66.5)c

(27.8±
21.3)b

(274±
100)a

(0.22±
0.19)b

(22.9±
36.2)a

(30.6±
23.5)b

(19.5± (79.2± (7.34±
21.2)bc 38.1)ab 0.24)a

5.6253.0

3.254.3

1.951.4

87356

0.020.22

1.612.1

1.6113.1

3.438.0

13.8138.2

(38.4± (9.3±1
51.7)ab 0.5)a

(10.0±
12.3)a

(273±
60)a

(0.10±
0.04)a

(4.7±2
.5)a

(5.6±2.
5)a

(14.4±
6.8)ab

(80.7± (7.47±
24.5)ab 0.19)a

7.474.4

4.329.1

1.918.2

733367

0.080.31

0.7812.1

3.023.2

4.817.6

7.2109.2

3511471
(661±
294)a
b
35.8105.4
(546±
128)a
b
37.965.1

(22.5±
17.8)a

(9.8±6.
4)a

(5.7±4
.4)a

(283±
61)ab

(0.17± (4.0±2
0.06)ab .6)a

(6.4±4.
5)a

(9.9±3.
9)a

(84.1± (7.46±
22.1)ab 0.15)a

3.4144.2

7.147.86

7.087.81

(510±
55)a

0.0
0.404.18
(0.75±
0.70)a
0.01.13
(0.57±
0.23)a

There are statistical differences (p<0.05) in major ions concentrations and physicochemical characteristics of groundwater
among five regions of Gaziantep, except for K+ and TOC.
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The summary of ion concentrations (as mg/L)
and physicochemical characteristics of groundwater
samples collected from five regions of Gaziantep is
given in Table 2. There are statistical differences
(p<0.05) in major ions concentrations and physicochemical characteristics of groundwater among five
regions of Gaziantep, except for K+ and TOC.
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Sources and transport of nitrate in
groundwater in calcareous semi-arid area. There
are several avenues for N fixation where N2 gas is
changed to NH3 (Eq.2.1), and is immediately converted to NH4+ (Eq.2.2). Microbial nitrification,
consisting of the oxidation of NH4+ through NO2- to
NO3- (Eqs.2.3-2.4) is an important process of Nenrichment of solid and liquid media that can be
utilized by biota in natural systems [36, 38, 45].

Trace metal concentrations. Al, Ni, Cu, Pb,
Cd and Cr concentrations in all groundwater samples were below limit of quantifications (LOQs) of
ICP-OES which is in the range of 0.0025-0.005
mg/L. Fe and Mn concentrations in about 15-20%
of groundwater samples are in ranges of 0.007ȝJ/)HDQG-0.150 mg/L Mn. Nearly all
of the samples yielded heavy metal concentrations
that were below MACs adopted by standards for
potable waters. Background soil in the study area is
geologically limestone with a highly calcareous and
basic nature. High levels calcium and aluminum
oxides were typical, and the soils were 11-67%
CaCO3 [41]. Not surprisingly, soil pH tended to be
somewhat alkaline (6.9-8.0). The lack of acidic
groundwater substantially ameliorated the dissolution of heavy metals from minerals, resulting in low
metal concentrations. The principal forms of metal
precipitates were the low solubility compounds as
metal hydroxides, carbonates and oxides.

2

+ 3O2 ĺ122- + 2H2O+ 4H+

Eq.(2.1)
Eq.(2.2)
Eq.(2.3)
Eq.(2.4)

The NO3- ion is relatively stable in oxidizing
medium. Linear relationships were identified between the excess alkaline earth metal ion (M2+) and
NO3- (Fig.2a).
The existing N in study area soil is NO3-and is
likely reacting with CaCO3. The linear relationships
between NO3- and M2+ ion concentrations can be
represented by the following reactions.

Eq.
q (2.5)
Eq. (2.6)

FIGURE 2
Plots of (a) [M 2+]/[NO3-], (b) [NO3-]/[Cl-], (c) [NO3-]/[TOC] and (d) [Ca2++Mg2+]/[HCO3-]. M2+: [Ca2++Mg2+]
concentrations in excess over [HCO3-]; TOC: Total organic carbon
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The limestone-bearing mineral unit can serve
as an N source to groundwater. Moreover, calcite
may absorb N species, and provides a permeable
structure. Nitrate occurring in the soil as a result of
natural and anthropogenic activities is expected to
react with CaCO3, which aids in the transport of
NO3- to groundwater via natural processes. The
strong linear relationhip between NO3- and M2+
(Fig.2a) may be summarized by the following reaction:
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ly following precipitation, where organic contamination is intensive. Also, shallow well contamination which may be caused by wrong well construction (e.g., permeable concrete or other construction
materials) may elevate NO3- concentrations in
groundwater [2, 36]. There is no evidence of a linear relationship between NO3- concentration and well
depth. Dissolved N compounds in rainwater, oxidized by atmospheric O2, can generate HNO2 and
HNO3. Emerging acids may bind to regional soils
having basic characteristics and high lime concentrations. Airborne soil dust may also absorb and/or
adsorb to HNO2, HNO3, NO2, NO and the other N
species.
In the study area, unconfined (phreatic) aquifer
conditions are common [9, 10], which makes
groundwater system available for relatively unrestricted recharge from the surface but also leaves
them vulnerable to surface-source pollution including leaching of NO3- and on the contaminants.
Based upon the data from the NO3-/Cl- and NO3-/EC
plots, only groundwater from sample number of 75
and 98 (Fig.1) wells have been markedly contaminated from artificial sources (artificial recharge). In
the other groundwater samples, NO3-concentrations
were more likely to have resulted from interactions
of the groundwater with surrounding rock (Eqs.2.52.7).

5CaCO3(aq) + (2NH4+(aq), 4NOí DT ,
+NOí DT ) + 6H(aq) + + 6O2(g) ĺ&D(aq) 2+ +
10NOí DT + 5CO2(g) + 7H2O
Eq. (2.7)
The above reactions may also be summarized
by the Fig.3.
The ammonium ion (NH4+) is attracted to negatively charged soil particles. As a rule, NH4+ is
quickly absorbed by the soil rock matrix, whereas
NO3- is not bound and can move more freely along
a water gradient. This characteristic promotes NO3downward migration and loss through leaching
[36]. Since the soil of the study area is highly calcareous [41] and moderately basic, N mineralization and conversion of NH4+ to NO3- through nitrification should be rapid.
Nitrate concentrations can increase significant-

FIGURE 3
Assumption of nitrate migration to the ground water
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mg/L NO3-N (it is equivalent to 44.3 mg/L NO3-)
standard as the MCL for potable drinking water.
The MACs of NO3- is 50 mg/L [13, 14].
Measured NO3- concentrations in this study
ranged from 2 to 253 mg/L, with a mean (± Std.
Dev.) of 30 ± 32 mg/L (Table 2). The levels of
NO3- found in some of the groundwater samples
were quite high, although even higher levels have
been recorded at other locations in Turkey and
elsewhere (Table 1). The concentration of NO3- was
in excess of the MAC adopted in 18% of the
groundwater samples [40]. The concentration of
NO3- in about 50% of the samples was over 25
mg/L, a level that has been identified as potentially
associated with short- and long-term public health
problems.
These data and associated analyses indicate
that elevated NO3- concentrations can be a result of
both natural and anthropogenic activities, while
migration to groundwater sources is associated with
natural processes that can be explained through
examination of geochemistry and local hydrology.
Because of the potential health risk associated with
high NO3- concentrations, it is important that an
inventory of drinking water sources containing both
high and acceptable NO3- levels be established and
maintained through ongoing monitoring and research. The availability of water with acceptably
low NO3- concentrations is paramount for reducing
risks.

While fertilizers, pesticides and other anthropogenic factors can contribute to the local NO3load, many of the sampling points in the current
study were located in rural areas, with few proximal
anthropogenic pollutant sources of any significance.
The NO3- sources for most wells, therefore, were
more likely oxidation of natural organic nitrogen
VSHFLHVDQGµnitrogen fixation¶7KHIDFWWKDWQHLWKHU
NO2- nor NH4+ were measured in any appreciable
amounts in all groundwater samples supports the
proposition that NO3- originated from natural
sources.
Generally, the concentration of Cl- in sewage
and manure is relatively high, and therefore Cl - can
be an indicator of wastewater contamination. Plotting NO3- against Cl- is widely used to identify the
sources of NO3- pollution [2, 46]. There was a
strong positive relationship between NO3-and Cl(R2=0.98), which suggested NO3- in groundwater
may be originating from anthropogenic sources
[46]. In the current study, however, there was no
strong linear relationship between NO3-and Clconcentrations (R2=0.05) (Fig.2b), thus providing
additional evidence that NO3- in the groundwater
samples most likely arose from natural phenomena.
This proposition is further supported by the lack of
correlation between NO3- and TOC concentrations
(R2=0.01), at least for the sampling points where
NO3- concentrations were high (Fig.2c).
Using the calculations [47], NO3- contributions
from organic matter seem to be somewhat greater
than what is coming from nitrification in groundwater. In contrast, nitrification is likely to be the dominant source of NO3- when NO3- concentrations are
low. While NO2- and NH4+ ions are unstable and
tend to rapidly convert to NO 3- (particularly NO2-),
NO3- is relatively stable and can remain unchanged
for extended periods of time. It is not surprising;
therefore, that NO3- is known to accumulate in
groundwater. Both natural and anthropogenic
sources of NO3- (or other N forms that convert to
NO3-) may be present, including N fixation, lightning and animal and crop residues.
There are large variations in the concentrations
of NO3- in groundwater of different parts of the
world (Table 1) due to variety of N sources. NO3concentration in groundwater under aerobic conditions is a few milligrams per liter and depends a
great deal on soil type and on geological characteristics. In most countries, NO3- concentrations in
surface-obtained drinking water do not exceed 10
mg/L NO3-N (it is equivalent to 44.3 mg/L NO3-).
An increasing preponderance of empirical data from
the latter half of the 20th century made it clear that
rising NO3- levels in the surface, and especially
subsurface, water sources were posing a risk to
human health, especially for infants. In 1986, a
NO3-concentration of 44 mg/L was exceeded in 40
surface watersamples and 568 groundwater supplies
[48]. The US EPA [40] has since adopted the 10

CONCLUSIONS
Given the predominance of limestone and dolomite, it is not surprising that groundwater cation
chemistry is dominated by Ca2+, with Mg2+ being a
dominant feature in some groundwater samples.
Bicarbonate (HCO3-) was the dominant anion
throughout the samples, yielding the major dissolved ion forms of Ca(HCO3)2 and Mg(HCO3)2. In
some locations HCO3- was overshadowed by SO42or NO3-, resulting in the dissolved forms of MSO 4
and M(NO3)2 where the total alkaline earth metal
ion (Ca2++Mg2+: M2+) is at an excess concentration
of Ca2++Mg2+ over HCO3-. The groundwater metal
concentrations were at very low levels, with individual metals precipitating as metal hydroxides,
carbonates and oxides.
There was a strong linear correlation between
NO3- ion concentration and total alkaline earth
metal ion (M2+) concentration in excess of
Ca2++Mg2+ over HCO3-. The limestone-bearing
mineral unit serves as an N source to groundwater.
Moreover, calcite absorbs N species, and provides a
permeable structure. Nitrate occurring in the soil as
a result of natural and anthropogenic activities is
expected to react with CaCO3, which aids in the
transport of NO3-to groundwater via natural processes.
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[8] Belkhiri, L., Mouni, L. and Boudoukha, A.
(2012) Geochemical evolution of groundwater
in an alluvial aquifer: Case of El Eulma aquifer, East Algeria. Journal of African Earth Sciences. 66-67, 46-55.
[9] 8OX h *HQo ù *LUD\ 6 0HWLQ < DQG
d|UHNoLR÷OX (   *HRlogy of BelverenAraban-Yavuzeli-Nizip-Birecik region, petrology and regional spread of Cenozoic volcanism. M. T. A. Report. No. 9226, Ankara.
[10] 7HUOHPH] +d, ùHQWUN . $WHú ù
Sümengen, M. and Oral, A. (1992) Geology of
Gaziantep vicinity and the region between Pa]DUFÕN-Sakçagöz-Kilis-Elbeyli-2÷X]HOL MTA
Report No. 9526, Ankara.
[11] Owen, D.D.R., Raiber, M., and Cox, M.E.
(2015) Relationships between major ions in
coal seam gas groundwaters: Examples from
the Surat and Clarence-Moreton basins. International Journal of Coal Geology. 137, 77-91.
[12] Dhanasekarapandian, M., Chandran, D.D.S.,
and Kumar, V. (2016) Spatial and temporal
variation of groundwater quality and its suitability for irrigation and drinking purpose using
GIS and WQI in an urban fringe. Journal of African Earth Sciences. 124, 270-288.
[13] TSE. (2005) Water intended for human consumption. Institute of Turkish Standards. TSE
266.
[14] World Health Organization. (2004) WHO
guidelines for drinking water quality. 3rd
edtition. Geneva, Swizerland.
[15] Stoewer, M.M., Knöller, K. and Stumpp, C.
(2015) Tracing freshwater nitrate sources in
pre-alpine groundwater catchments using environmental tracers. Journal of Hydrology. 524,
753-767.
[16] Kattan, Z., Kadkoy, N., Nasser, S., Safadi, M.
and Hamed, A. (2010) Isotopes and geochemistry in a managed aquifer recharge scheme: a
case study of fresh water injection at the Damascus University Campus, Syria. Hydrological Processes. 24, 1791±1805.
[17] Obeidat, M.M., Awawdeh, M. and Al-Rub,
F.A. (2013) Multivariate statistical analysis and
environmental isotopes of Amman/Wadi Sir
(B2/A7) groundwater, Yarmouk River Basin,
Jordan. Hydrological Processes. 27, 2449±
2461.
[18] Robins, N.S. (2002) Groundwater quality in
Scotland: major ion chemistry of the key
groundwater bodies. Science of Total Environment. 294, 41-56.
[19] Barrett, M.H., Hiscock K.M., Pedley, S., Lerner, D.N., Tellam, J.H. and French, M.J. (1999)
Marker species for identifying urban groundwater recharge sources: a review and case
study in Nottingham, UK. Water Research.
33(14), 3083-3097.

These data and associated analyses indicate
that elevated NO3- concentrations can be a result of
both natural and anthropogenic activities, while
migration to groundwater sources is associated with
natural processes that can be explained through
examination of geochemistry and local hydrology.
Because of the potential health risk associated with
high NO3- concentrations, it is important that an
inventory of drinking water sources containing both
high and acceptable NO3- levels be established and
maintained through ongoing monitoring and research. The availability of water with acceptably
low NO3- concentrations is paramount for reducing
risks to human health.
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STUDY ON PERFORMANCE OF EGG YOLK-WHITE
SUPPORTED CATALYST FOR DENITRATION AND
SO2-RESISTANCE
He Jian1, Chen Jihao2, Zhang Lei2,*, Lei Zhang 3 , Ai Pu1
1
;L¶DQ8QLYHUVLW\RI7HFKQRORJ\;L¶DQ&KLQD
;L¶DQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\;L¶an, 710054, China
3
China National Heavy Machinery Research InstitutHFR/WG;L¶DQ&KLQD
2

ABSTRACT
The effects of metal oxide supported catalysts
on denitration and SO2-resistance were investigated.
A series of metal oxide supported catalysts were
prepared by the method of equal volume impregnation, and the denitration and SO2-resistance of different properties and structural catalysts were studied. The catalysts were characterized by XRD and
SEM, and then the mechanism of denitration and
SO2-resistance was analyzed. The result showed
these: (1)7KHHJJ\RON&X2Ȗ-Al2O3 supported catalyst had well denitration and SO2-resistance, and
the denitration efficiency remained around 81 %
and 72 %, respectively; (2) the denitration and
SO2-resistance of egg yolk-white/ supported catalyst prepared by alkaline earth metal oxide was poor,
the reason was that the insoluble substances were
easily formed in the particles and blocked the
channel, so the denitration efficiency was reduced;
(3) In the catalysts prepared by eighth group of
metal oxides, the efficiency of denitration and
SO2-resistance of NiO-CuO/Ȗ-Al2O3 was higher
than that of CuO/Ȗ-Al2O3. But comprehensive performance of NiO-CuO/Ȗ-Al2O3 was not as good as
that of Fe2O3-&X2Ȗ-Al2O3, the denitration efficiency of Fe2O3-&X2Ȗ-Al2O3 remained around
83% and 79.6%, respectively.

KEYWORDS:
Catalyst, equivalent volume impregnation, denitration,
SO2-resistance

INTRODUCTION
In China, coal is still the main energy. Coal
combustion not only gives out energy, but also release a large amount of harmful substance. For example, sulfur dioxide (SO2) and nitrogen oxides
(NOx) are very harmful to human health and the
environment. So desulfurization and denitration

technology are the chief problem to solve the atmospheric pollution. Although desulfurization and
denitration technology have many years of exploration and practice, set a relatively mature denitration
and desulfurization method (such as plasma method,
activated carbon method, ozone oxidation method,
metal oxide catalysts method, metal chelate method
and other method [1~4]). But many of these methods are still not so perfect. Metal oxide catalysis is
the most potential one [5], and it can realize simultaneous desulfurization and denitration of flue gas
and no secondary pollution.
The supported catalyst is composed of carrier
and active component [6-7]. The carrier should
have good mechanical properties, large specific
surface area, good resistance to poisoning and other
adYDQWDJHVȖ-Al2O3 is a good carrier and has many
advantages [8]. A highly active catalyst is prepared
by loading different metal oxiGHVRQȖ-Al2O3. And it
has wide applications in the field of catalysis and is
suitable for the denitration reaction temperature
range.
Nowadays, the distribution of active components in supported catalysts is attracting more and
more attention. Both theory and practice have fully
proved that the proper selection of the distribution
of the active components on the carrier can significantly increase the activity, selectivity and anti-toxicity of the catalyst [9]. Inhomogeneous distribution of the active components means that the
concentration changes regularly from the center of
the carrier to the surface, and they can be divided
into three typical forms: egg-yolk type, egg-white
type and egg-shell type [10]. The preparation of this
catalyst is generally made by impregnation [11].
The competitive adsorbent is often used to adjust
the distribution of the active components in the catalyst particles when the heterogeneous catalyst is
prepared. By adding different competitive adsorbents, the active components in the carrier shows
the structure of egg-yolk type, egg-white type, or
even several uniform distribution, and citric acid is
a good adsorbent.
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FIGURE 1
The test device of catalyst
1. gas cylinder (a.O2; b.NH3; c.NO; d.SO2; e.N2 ); 2. reducing valve; 3.flow meter; 4. mixing gas cylinders; 5. tube furnace
control box; 6. tube furnace; 7. gas emissions; 8. flue gas analyzer (Testo 340).

In this article, the amount of citric acid was
controlled, and the egg-yolk catalyst was prepared
E\ ORDGLQJ &X2 RQ Ȗ-Al2O3; alkaline earth metal
oxide (CaO, MgO, SrO), and the eighth metal oxide
(Fe2O3, CoO, NiO) were active components, and
then the egg yolk-white catalyst was prepared by
loading separately these active components on the
egg-yolk catalyst. Some catalysts improves the removal efficiency of nitrogen oxides and reduces the
probability of catalyst poisoning, achieving the high
efficiency of denitration and SO2-resistance.

MATERIALS AND METHODS
Experimental materials and experimental
medicine. Ȗ-Al2O3 is a spherical carrier. Its surface
area is 245.57m2/g and particle size is 4mm. It is
produced by Cener Tech Tianjin Chemical Research
and Design Institute Co, Ltd.
Citric acid (C6H8O7 DQDO\WLFDO SXUH 
Cu(NO3)2·3H22 DQDO\WLFDOSXUH  Sr(NO3)2
DQDO\WLFDOSXUH 0J 123)2·6H2O (analytical
SXUH  &D 123)2·4H2O ˈ Ni(NO3)2·6H2O
DQDO\WLFDO SXUH  WKH\ DUH SURGXFHG E\ 7LDnjin
Fuchen
Chemical
Reagent
Factory;
Fe(NO3)3·9H22
DQDO\WLFDO
SXUH 
Co(NO3)2·6H22 DQDO\WLFDO SXUH%), they are
produced by Shanghai Shanpu Chemical Co., Ltd.
Preparation of the catalysts. Preparation of
the egg yolk/ supported catalyst. The concentration of citric acid (C6H8O7) was 0.07 mol/L, a certain concentration of Cu(NO3)2 solution was configureGDQGWKHORDGLQJRI&X2ZDVȖ-Al2O3
was impregnated with equal volume for 24 h. It was
dried in a drying cabinet at 120Ԩ for 30 minutes
and calcined at the temperature of 500Ԩ for 3 hours
in a muffle furnace. This is the egg yolk/ supported
catalyst &X2Ȗ-Al2O3).

Preparation of the egg yolk-white/ supported catalyst. &X2Ȗ-Al2O3 was a carrier. The
concentration of citric acid was 0.03 mol/L, and a
certain concentration of alkaline earth metal solution (Mg(NO3)2, Sr(NO3)2, Ca(NO3)2), and eighth
metal solution (Fe(NO3)3, Ni(NO3)2, Co(NO3)2) was
configured, and the loading of these metal oxide
ZDV  UHVSHFWLYHO\ &X2Ȗ-Al2O3 was respectively impregnated with equal volume for 24 h.
They were dried in a drying cabinet at 120Ԩ for 30
minutes and calcined at a temperature of 400 Ԩ for
4 hours in a muffle furnace. were made, these were
the egg yolk-white / supported catalysts (CaO-CuO/
Ȗ-Al2O3, MgO-&X2 Ȗ-Al2O3, SrO-&X2 Ȗ-Al2O3,
NiO-&X2 Ȗ-Al2O3, Fe2O3-&X2 Ȗ-Al2O3 and
CoO-&X2Ȗ-Al2O3).
Catalyst characterization method. X-ray
analysis (XRD): XD-3 type ray diffractometer; the
test parameters: the voltage is 36 KV, the current is
P$WKHWDUJHWLV&XșșLVWRDQGVFDnning speed is 10°/min.
Scanning electron microscope (SEM):
JSM-6460LV, working voltage 20kV, magnification
1000 times.
Experimental device and detection method.
The experimental procedure is as follows: ᬅTube
furnace control box was adjust, and the temperature
of tube furnace reached 220Ԩ. ᬆQuartz glass tube
with catalyst was placed into tube furnace. ᬇ Gas
cylinders were opened, and then the flowmeter was
adjusted. ᬈ The total gas was 1000 ml/min; the
content of O2, NH3, NO and SO2 was 6%, 1500ppm,
1500ppm and 0.2%, respectively; the flow rate of
O2, NH3, NO and SO2 was 65.22ml/min, 3ml/min,
37.5ml/min and 50ml/min, respectively; the rest is
N2. ᬉThe gas was mixed in mixing gas cylinders,
and then entered the tube furnace to catalyze the
reaction. ᬊThe smoke was tested by the flue gas
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FIGURE 2
7KHLQIOXHQFHVRI&X2Ȗ-Al2O3 on denitration and SO2-resistance.

FIGURE 3
The influences of alkaline earth metal oxide/ supported catalyst on denitration

analyzer and then expelled. The SO2-resistance
properties of the catalysts were detected by adding
SO2.

RESULTS AND DISCUSSIONS
The influences of the egg-yolk/ supported
catalyst on denitration and SO2-resistance. Figure 2 showed the performance comparison of denitration and SO2-UHVLVWDQFH EHWZHHQ &X2Ȗ-Al2O3
DQGȖ-Al2O3. From the Figure 2, it can be seen that
in the case of closing SO2 the original sample
Ȗ-Al2O3 was inactivity. The reason was that NO was
PDLQO\DEVRUEHGE\WKHSRURXVVWUXFWXUHRIȖ-Al2O3,
which leads to an inferior denitration performance.
7KH GHQLWUDWLRQ SHUIRUPDQFH RI &X2Ȗ-Al2O3 was
EHWWHUWKDQȖ-Al2O3, denitration efficiency maintains
above 80%, which proved that CuO played a positive role in denitration. When the SO2 was inlet,
CuSO4 was generated when SO2 reacted with CuO,
deniWUDWLRQ SHUIRUPDQFH RI &X2Ȗ-Al2O3 decreased
gradually to the range of 70%~75%, which proved
that CuSO4 played a catalytic role in denitration but
the denitration effect was inferior to CuO.
The influences of egg yolk-white alkaline
earth metal oxide/ supported catalyst on deni-

tration and SO2-resistance. The influences of
alkaline earth metal oxide/ supported catalyst on
denitration. Figure 3 showed the performance
FRPSDULVRQ RI GHQLWUDWLRQ EHWZHHQ &X2Ȗ-Al2O3
and alkaline earth metal oxide. It can be seen from
the Figure 3 that the denitration efficiency of
MgO-&X2Ȗ-Al2O3
and
CaO-&X2Ȗ-Al2O3,
SrO-&X2Ȗ-Al2O3 kept 63.8%, 71.33% and 65.26%
at last. The results showed that the catalysts of alkaline earth metal oxide had lower catalytic activity
FRPSDUHGZLWKWKH&X2Ȗ-Al2O3. The reasons were
that in the denitration process the water reacted
with CaO, MgO, SrO, and Ca(OH)2, Mg(OH)2,
Sr(OH)2 were generated, which had a very low dissolvability, these insoluble compounds blocked the
porosity of carrier and decreased the absorbability,
so it led the CuO lost the catalytic activity.
The influences of alkaline earth metal oxide/ supported catalyst on SO2-resistance. Figure
4~6 showed the influence of egg yolk-white alkaline earth metal oxide/ supported catalyst on
SO2-resistance. When the SO2 was inlet, the denitration efficiency of all the catalysts had different
declined, in which MgO-&X2Ȗ-Al2O3 catalyst has
decreased obviously. The denitration efficiency of
MgO-&X2Ȗ-Al2O3 decreased from 71.3 % to
60.6 %, that of CaO-&X2Ȗ-Al2O3 decreased from
63.8% to 57.67 %, and that of SrO-&X2Ȗ-Al2O3
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FIGURE 4
The influences of CaO-&X2Ȗ-Al2O3 supported catalyst on SO2-resistance.

FIGURE 5
The influences of MgO-&X2Ȗ-Al2O3 supported catalyst on SO2-resistance.

FIGURE 6
The influences of SrO-&X2Ȗ-Al2O3 supported catalyst on SO2-resistance.

FIGURE 7
The influences of eighth metal oxide/ supported catalyst on denitration.
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decreased from 68.13 % to 62.2 %. The results
showed that egg yolk-white MgO-&X2Ȗ-Al2O3,
CaO-&X2Ȗ-Al2O3, SrO-&X2Ȗ-Al2O3 catalyst have
worse SO2-resistance performance.
Here are some reasons. The SO2 reacted with
CaO, MgO and SrO, and CaSO3, MgSO3 and SrSO3
were generated. The O2 reacted with CaSO3,
MgSO3 and SrSO3, and CaSO4, MgSO4 and SrSO4
were generated. These insoluble substances are
attached to the surface of the carrier, blocking the
pore of the carrier, making it difficult to play a catalytic role.
The influences of egg yolk-white eighth
metal oxide/ supported catalyst on denitration
and SO2-resistance. The influences of eighth
metal oxide/ supported catalyst on denitration.
Figure 7 showed the performance comparison of
GHQLWUDWLRQ EHWZHHQ &X2Ȗ-Al2O3 and eighth metal
oxide. It can be seen from the Figure 7 that the denitration efficiency of NiO-CuO/Ȗ-Al2O3 decreased
steadily and kept the 85% at last. However, the denitration efficiency of Fe2O3-CuO/Ȗ-Al2O3 decreased at the beginning of denitration reaction and
then gradually increased, at last of reaction, the
denitration efficiency reached 83%; and for
CoO-CuO/Ȗ-Al2O3, its denitration efficiency decreased relatively sharply and then fluctuated
around 52%. The result showed that the denitration
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efficiency of Fe2O3-CuO/Ȗ-Al2O3 was better than
egg yolk type CuO/Ȗ-Al2O3, then the denitration
efficiency of NiO-&X2Ȗ-Al2O3 almost equaled to
CuO/Ȗ-Al2O3,
the
catalytic
activity
of
CoO-CuO/Ȗ-Al2O3 was inferior to CuO/Ȗ-Al2O3.
The influences of eighth metal oxide/ supported catalyst on SO2-resistance. Figure 8~10
showed the variation of SO2-resistance performance
of egg yolk-white type the eighth mental oxide
supported
catalysts
(NiO-&X2Ȗ-Al2O3,
Fe2O3-&X2Ȗ-Al2O3, CoO-&X2Ȗ-Al2O3). It can be
seen from the Figure 8 and Figure 10 when the SO2
was inlet the denitration performance of egg
yolk-white
type
NiO-&X2Ȗ-Al2O3
and
Fe2O3-&X2Ȗ-Al2O3 catalysts decreased slightly.
However,
the
denitration
efficiency
of
CoO-&X2Ȗ-Al2O3 catalyst has increased obviously
as showed in Figure 10. According to Figure 10, we
can found that the egg yolk-white type
NiO-&X2Ȗ-Al2O3 and Fe2O3-&X2Ȗ-Al2O3 catalysts not only had excellent denitration performance,
but also showed preferable anti-sulfur poisoning
property.
The
egg
yolk-white
type
CoO-&X2Ȗ-Al2O3 catalyst performed well in anti-sulfur poisoning, but at last the denitration efficiency maintained lower level. Thus, LW¶V XQQHFHssary to take the denitration and deactivation performance of CoO-&X2Ȗ-Al2O3 into consideration.

FIGURE 8
The influences of NiO-&X2Ȗ-Al2O3 on SO2-resistance.

FIGURE 9
The influences of Fe2O3-&X2Ȗ-Al2O3 on SO2-resistance
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FIGURE 10
The influences of CoO-&X2Ȗ-Al2O3 on SO2-resistance.

FIGURE 11
7KH;5'RI&X2Ȗ-Al2O3
Characterization of the catalysts. XRD.
;5' RI &X2Ȗ-Al2O3. From the Figure 11, it can
be seen that the CuO diffraction peak was not very
sharp, and it caused the peaks to broad. Thus, XRD
data indicated that the catalyst had not excellent
crystallinity, on the surface of the catalyst was not
tested obvious CuO crystal, which indicated that
mental oxide CuO had homogeneous size distribution. Also, it can be seen that the main phase of
XRD spectrogram was CuO and the rest compoQHQWVZHUHFDUULHUȖ-Al2O3.
A study has shown that NO cannot be absorbed on the CuO, but CuO has strong adsorption
capacity for NH3. NH3 was firstly absorbed by the
center of B acid (a kind of acid which can be given
out protons) at the same time NH3 formed NH4+
which t will be attracted by NO in gaseous phase to
form N2, H2O and Cu1+-OH. Finally Cu1+-OH will
be oxidized by O2 and then regenerated Cu2+=O.
The important role of center of B acid can be summarized as follows: the center of B acid must absorbed NH3 and made it around Cu2+=O, in this
process Cu2+=O activated the NH3 to form NH4+,
while Cu2+=O had the ability to draw away an H
atom from NH3 and to form Cu1+-OH ˈCu2+=O can
be regenerate via Cu1+-OH reacted with O2 , on the
surface of CuO, the cyclic oxidation-reduction reaction was much more likely to happen.

XRD of alkaline earth metal oxide catalyst.
It can be seen that the diffraction peak were not
very sharp, and the peaks were so broad. Thus,
XRD data indicated that the catalysts had not excellent crystallinity. From the Figure 12-14, it
showed that the diffraction peaks of CaO, MgO,
SrO appeared in XRD at ș    REYLRXVO\
and the rest diffraction peaks intensity was weak.
By XRD analysis results indicated that mental oxide CaO, MgO, SrO had homogeneous size distribution. Also, it can be seen the main phase of XRD
spectrogram were CaO, MgO, SrO and the rest
FRPSRQHQWVZHUHFDUULHUȖ-Al2O3.
According to the denitration mechanism of
CuO, the key step of denitration is that NH3 is adsorbed on the surface of the catalyst and loses one
electron to form NH4+. Since CuO belongs to the N
type semiconductor, its free electron concentration
is far greater than the hole concentration. This kind
of impurity provides a current carrier with a negative electric. Type N semiconductors are mainly
excited electrons to produce free electrons in the
guide band, and free electrons are electrically conductive. As a result, as a N-type semiconductor,
CuO is more likely to cause NH3 to lose electrons
to form NH4+. And in this process, the CuO gets the
electrons, which makes the free electrons in the
guide band increase and the conductivity increase,
which makes the adsorption of NH3 easier.
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FIGURE 12
The XRD of CaO-&X2Ȗ-Al2O3

FIGURE 13
The XRD of MgO-&X2Ȗ-Al2O3

FIGURE 14
The XRD of SrO-&X2Ȗ-Al2O3
XRD of eighth metal oxide catalyst. It can be
seen from the Figure 15 that the diffraction peak of
XRD was not very sharp but broad. Thus, XRD
data indicated that the catalysts had not excellent
crystallinity. From the Figure 15, it also can be seen
that there was no obvious diffraction peak of Fe2O3
but several weaken ones, which indicates that Fe2O3
had homogeneous size distribution on the surface of

Fe2O3-CuO/ Ȗ-Al2O3. Also, it can be know that the
main phase of XRD spectrogram is Cu6Fe3O7 crystal form and the rest components were Fe2O3. And
the diffraction peak of carriHU Ȗ-Al2O3 was very
sharp. Therefore, it can be speculated that the impurity Cu6Fe3O7 was instructed with the reaction of
CuO with Fe2O3.
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It can be seen from the Figure 16 that the diffraction peak of XRD was not very sharp but broad.
Thus, XRD data indicated that the catalysts had not
excellent crystallinity. From the Figure 16 it also
can be seen that there was no obvious diffraction
peak of CoO but several weaken ones, which indicates that CoO had homogeneous size distribution
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on the surface of CoO-CuO/Ȗ-Al2O3. Also, it can be
know that the main phase of XRD spectrogram is
Cu0·92Co2·08O4 crystal form and the rest components
were CoO. And the diffraction peak of carrier
Ȗ-Al2O3 was very sharp. Therefore, it can be speculated that the impurity Cu0·92Co2·08O4 was instructed
with the reaction of CuO with CoO.

FIGURE 15
The XRD of Fe2O3-&X2Ȗ-Al2O3

FIGURE 16
The XRD of Co2O3-&X2Ȗ-Al2O3

FIGURE 17
The XRD of NiO-&X2Ȗ-Al2O3
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It can be seen in the Figure.17 that the diffraction peak of XRD was not very sharp but broad.
Thus, XRD data indicated that the catalysts had not
excellent crystallinity. From the Figure 17 it also
can be seen that there was no obvious diffraction
peak of nickel oxide but several diffraction peaks of
CuO and NiAi18O29 existed which indicates that
CuO had homogeneous size distribution on the surface of catalyst, and NiAi18O29 formed spinel structure. Also, it can be known that the main phase of
XRD spectrogram was NiAi18O29 crystal and the
UHVW FRPSRQHQWV ZHUH &X2 DQG FDUULHU Ȗ-Al2O3.
There was no variation observed that nickel oxide
and copper-nickel oxide may be present. So it was
speculated that CuO and NiAl18O29 take an important role in catalysis. However, NiAl18O29 had an
unsatisfied catalytic activity, thus the catalytic activity of egg yolk-white type Ni-CuO/Ȗ-Al2O3 catalyst was similar to the denitration performance of
CuO.
When metal oxide is non-stoichiometric, or
introduced impurity ions or atoms will generate
N-type or P-type semiconductor. These impurities
will be distributed throughout the crystal in the
form of atom, ions or groups, existed on the surface
of crystal and lattice junction. These impurities will
lead to form impurity levels in band-gap semiconductors. N-type semiconductor is that free-electron
density concentration is much higher than hole
concentration. Which impurities offer negative
charged electron called donor impurity or N-type
impurity. In N-type semiconductor, free electrons
are majority carriers and holes are minority carriers,
free electrons are used to conduct. The N-type
semiconductor presents electric neutrality due to the
total numbers of positive and negative charges just
is equal. Impurity atoms provide free electrons and
holes are aroused by heat. The more the impurities
doped, the higher free-electron density, which will
contribute to the conductivity strongly. In P-type
semiconductor, holes are majority carriers, and the
free-electrons are minority carriers, holes are used
to conduct. The P-type semiconductor presents
electric neutrality due to the total numbers of positive and negative charges just is equal. Impurity
atoms provide holes and free-electrons are aroused
by heat. The more the impurities doped, the higher
hole concentration, which will contribute to the
conductivity and oxidation.
According to the analysis of denitration
mechanism, two conclusions can be drawn. First,
Fe2O3 is N-type metal oxide and iron valence present +3, the iron valence (+3) higher than copper
valence (+2). Thus introduction of impurity Fe2O3
into CuO catalyst, the free electrons density and
conductivity would be increased, and the catalytic
activity would be improved. Also, the formation of
Cu6Fe3O7 resulted in the defect structure of catalyst,
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this structure also led to the increase of free electrons density and catalytic activity. Combined with
Figure.7, the Fe2O3-&X2Ȗ-Al2O3 catalyst had better
denitration performance than CuO/Ȗ-Al2O3. Second,
CoO is P-type metal oxide, when introduction of
impurity CoO into CuO catalyst, the holes concentration would be increased, and the free electrons
density and conductivity would be decreased so it
made the catalytic activity decreased. Combined
with Figure 7, the CoO-CuO/Ȗ-Al2O3 catalyst had
better denitration performance inferior to
CuO/Ȗ-Al2O3 catalyst.

a. SEM of Ȗ-Al2O3

b. SEM of &X2Ȗ-Al2O3

c. SEM of Fe2O3-CX2Ȗ-Al2O3
FIGURE 18
SEM
From Figure 18 (a), we can see that there are
fewer particles and more gaps on the surface of
Ȗ-Al2O3, and their size is not uniform. The surface
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of the catalyst is smooth, and there is no crystal
grain, so it can hardly see the crystallization phenomenon. Figure 18 (b) compared with Figure 18
D  WKH VXUIDFH RI &X2Ȗ-Al2O3 has a lot of particles, which is in a layered state, indicating the
presence of some dispersed substances. Combined
with the characterization results of XRD, it can be
concluded that it is CuO phase and the catalyst has
higher catalytic activity. As can be seen from Figure
18 (c), the catalyst particles are larger and overlap
with each other, and another substance is added to
the layered structure, and a clustered structure is
formed, thus increasing the catalytic activity.

CONCLUSION
(1) Egg yolk/ supported catalyst and egg
yolk-white/ supported catalyst showed different
characteristics in the study of denitration and
SO2-resistance.
 7KH HJJ \RON&X2Ȗ-Al2O3 supported catalyst had well denitration and SO2-resistance, and
the denitration efficiency remained around 81 %
and 72 %, respectively.
(3) The denitration and SO2-resistance of egg
yolk-white/ supported catalyst prepared by alkaline
earth metal oxide was poor, the reason is that the
insoluble substances were easily formed in the particles and blocked the channel, so the denitration
efficiency was reduced.
(4) In the catalysts prepared by eighth group
of metal oxides, the efficiency of denitration and
SO2-resistance of NiO-CuO/Ȗ-Al2O3 was higher
than that of CuO/Ȗ-Al2O3. But comprehensive performance of NiO-CuO/Ȗ-Al2O3 was not as good as
that of Fe2O3-&X2Ȗ-Al2O3, the denitration efficiency of Fe2O3-&X2Ȗ-Al2O3 remained around
83% and 79.6%, respectively.
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According to the fifth assessment report of Intergovernmental Panel on Climate Change, in addition to increase in existing risks for natural and human systems new risks will be emerged due to climate changes [1]. According to the same report, the
human impact on the climate system is obvious and
current level of greenhouse gas emissions was higher
than the past. Comprehensive effects of last climate
changes on ecosystems were also denoted in the report.
Surface temperature of land and ocean was increased in the last century [1]. Temperature and relative humidity are important environmental factors
for poultry as well as other livestock. Due to poultry
is more sensitive to heat stress than other livestock,
climate changes and global warming related risks requires that more attention should be given to poultry
house in design phase.
Heat stress causes increase in respiratory rate,
mortality and morbidity, and deterioration in egg
shell quality and egg production [2, 3].
According to the St-Pierre et. al. [4] heat stress
related total annual economic loss in the U.S. livestock production industry was of $1.69 to $2.36 billion. $128 to $165 million of this total annual economic loss is originated from the poultry industry.
Temperature humidity index (THI) is one of the
most important indicators of heat stress in livestock.
Heat stress is one of the most important environmental factors for efficient production, and it is estimated
from long-term meteorological data. To represents
data obtained from a high number of meteorological
stations in a certain region the whole areas, data processing with geographic information systems (GIS)
softwares and various interpolation techniques is
commonly used. Thus, THI can be estimated through
above-mentioned techniques. Estimating THI values, regional THI maps can be created, easily. Using
THI maps makes easier to adopt various strategies in
the site selection, planning and operation stages.
Gates et. al. [5] investigated the regional variation of
temperature humidity index (THI) for poultry, and
the effect of THI on poultry houses equipped with
evaporative cooling system in the USA.
The aim of this study is to calculate THI for laying hens in the Marmara region, to investigate temporal and spatial distribution of the THI in the region,
and to give some recommendations to take

Nowadays, global warming hence global climate change is one of the most important key issues
for livestock production. Because of its negative effects on animal health and production costs, climate
change induced heat stress in livestock has become
more critical than ever. Laying hens are more sensitive to heat stress. Therefore adverse effect of heat
stress on laying hens is more severe than other livestock. Out of several methods the temperature humidity index is the most commonly used tool to determine the effects of heat stress on livestock. In this
paper temperature humidity index variations between 1974 and 2013 for laying hens throughout the
Marmara in the western Turkey was examined. The
temperature humidity index in collaboration with a
Geographical Information System and indicator
kriging were used to determine risky sites for laying
hens production in the region.
It is determined that increases in the calculated
seasonal mean and mean maximum THI values are
significant (P<0.001). Furthermore, mean and mean
maximum THI values are generally tended to increase for investigated period.
In terms of THI, Shore of Black Sea and southeastern Marmara were found to be more convenient
locations for laying hens production in the study
area.
Based on the study findings, put into effect
some mitigation strategies such as cooling, shading
and feed arrangement is needed for successful laying
hens production in the entire studied area except for
shore of the Black Sea, and southeastern Marmara.


)' "#
Global warming, climate change, laying hen, site selection,
temperature humidity index
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Heat stress is one of key factors for successful
laying hens production. Nowadays, global warming
and correspondingly climate change is one of the
most important challenges for not only laying hens
producers but also humankind.
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Where,
 : Temperature humidity index for
laying hens,
 : Dry bulb temperature,
 : Wet bulb temperature

Calculated THI data were associated with
ArcGIS 10.2 geographical information system software in a tabular form. THI distribution map of the
region was created through ArcGIS 10.2 software
with Kriging enterpolation technique [9], used to
predict the value of an unmeasured location with
weighting the surrounding measured values. THI
isoline were also showed on the THI distribution
map.
Non-parametric Mann-Kendall method was
employed for trend analysis of THI values. An analysis of Sen's linear gradient was performed for THI
values of June, July, and August. MAKESENS 1.0
software was used for trend and magnitude analysis
[10]. Sen's linear gradient estimate was employed to
determine the uniform increase or decrease in the
time series data for the summer period. Additionally,
JMP 11 statistical software was used for linear regression analysis of THI data.

appropriate decision in the planning stage by producers.


$"#$ #
The Marmara region (from 39º to 41º N and 26º
to 30º E) with over an 11 000 km2 area in western
Turkey was selected as study material. It is a highly
populated region with a sub-humid climate. The annual average relative humidity and temperature are
73% and 14.0°C, respectively. Additionally, the
coldest month's monthly average temperature is
4.9°C for January, and the warmest month's monthly
average temperature is 23.7°C for July [6]. Large
laying hen farms are existed in the region. According
to the Turkish Statistical Institute, number of laying
hens for 2013 is 15.254.253 in the region [7].
Required meteorological data, regularly measured and recorded, were obtained from 31 stations of
Turkish State Meteorological Service in the studied
area (Fig. 1). Monthly and seasonal averages were
calculated from data of long term (1974-2013) daily
average temperature, daily maximum temperature
and daily average and minimum relative humidity.
THI were computed based on following equations developed for laying hens [8].
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to nearly 23ºC and 30ºC in 2012, respectively.
At the environmental temperature of 13 to 24°C
laying hens produce eggs with the largest size and
greatest number [14]. Best feed conversion efficiency is obtained at indoor temperatures between 21
and 24°C. Increase in indoor temperature causes the
decrease in feed intake and alterations in behavior.
Similarly to our findings, Bayhan et. al [15]
concluded that indoor temperature of an investigated
poultry house in Tokat (39°51' N and 40°55'E) of
Middle Black Sea Region of the Turkey increased
from 20.7°C in April to 29.4°C in August. Additionally, mortality rates were also increased from 0.36%
in April to 1.59% in August [15].

According to the results of Mann-Kendall test,
during to investigated period (1974-2013) mean and
mean maximum THI values for summer were significantly (P< 0.001) increased (Table 1). Mean and
mean maximum THI values were generally tended to
increase between 1974 and 2013 (Figs 2 and 3). A
general tendency of increase in the average annual
temperature in the Mediterranean area was also documented in previous studies [11, 12, 13].
THI values of the last two decades had shown
dramatic increase. For instance, mean and mean
maximum of seasonal THI values were reached up

$ 
#<55.9.+6+6-.+6+>25<5$$9.6-6+4?:2:A".:<4;:/79+?260.6:
26+95+9+    
$25.:.92.:
Summer (June, July, August) mean THI
Summer (June, July, August) max. THI

62;2+4).+9
1974
1974

6-).+9
2013
2013

6
40
40

$.:;*
5.32
5.91

*** (P< 0.001)
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According to the results of mean and mean
maximum THI linear regression analysis in the Marmara (Figs 4 and 5, respectively) trend of increase in
THI was observed. It can be concluded that more accurate results can be obtained from linear regression
equation of maximum THI (R2 = 0.699).
Mean and mean maximum THI maps of Marmara region were given in Figs 6 and 7. According
to the mean THI map (Fig 6), southwestern Marmara

is inconvenient in terms of heat stress, while southeastern was convenient.
With respect to the mean maximum THI map,
most critical location is east of Thrace, located on
northwestern Marmara. Additionally, THI values
were also reached up to critical level in southwestern
Marmara. Shore of Black Sea and southeastern Marmara are more convenient to laying hens production
in terms of heat stress.
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for THI values in summer in the Marmara region was
observed, during the last 40 years.
Segnalini et. al. [16] concluded that the THI
was expected to increase in the whole Mediterranean
area in the future 40-year period (2011–2050) based
on CliNo of 1971-2000 and that the increase would
range between 0.8 and 3 units of THI. They also
stated that highest THI increases were also expected
in Turkish peninsulas.
Moustris et. al. [17] carried out a study to determine heat stress conditions in the Greek territory
within the warm period of the year (May-September)
for the period of 1995-1999. They found out that

Heat stress is one of the most significant factors
to be considered for laying hen production in an effective and productive manner. During the heat
stress conditions egg numbers and quality is decreased and mortality rate is increased. Due to global
warming hence global climate changes appropriate
site selection had been became vital for successful
laying hen production. Creating spatial THI maps is
one of most important key factors for appropriate site
selection and successful livestock production.
Our study showed that a tendency of increase
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during July and August, which are the hottest
months, the mean HI values range up to 32.2 °C.
The mean maximum seasonal THI values for summer were exceeded to 26 ºC in almost entire region,
except Shore of Black Sea and southeastern Marmara. Therefore, it can be concluded that shore of
Black Sea and southeastern Marmara are more convenient to laying hens production in terms of THI.
Yaslioglu and Ilhan [18] carried out similar
study based on the mean seasonal THI values for
broiler production in the same region, and they concluded that the threshold value of 21°C for broiler
production had been exceeded in the entire Marmara
region except Bursa, Balikesir, Sakarya, coastal
Black Sea, and the southeastern Marmara throughout
the entire summer season.
Appropriate site selection reduces the operating
costs of heat stress mitigation applications. Therefore, benefit from advances of GIS technologies will
be helpful to select convenient site for laying hens
operations. Conducting further studies for other livestock on creating spatial THI map with the combination of other criteria such as proximity to market and
existing water resources will be useful to select the
most convenient site.
""#
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process of sewage treatment, coupled with less adverse effects on process performance and sludge
characteristics. Different in-situ sludge reduction
strategies based on uncoupled metabolism, maintenance metabolism, cell lysis-cryptic growth, and
predation on bacteria have been studied to minimize
excess sludge [4-6]. Oxic-settling-anaerobic (OSA)
process which was a modification of a conventional
sewage treatment process by inserting an anaerobic
sludge holding tank (SHT) into the sludge return circuit could result in good sludge reduction rate without any chemical addition [7]. Moreover, OSA process could improve the effluent quality and settling
ability of the activated sludge [8]. Various OSA processes based on different wastewater treatments processes was studied and different explanations of
mechanism have been provided for sludge reduction,
including the uncoupling mechanism between catabolism and anabolism, domination of slow growers
over the entire microbial population, and metabolic
toxicity of soluble microbial products against the microbes and sludge decay in SHT [7-9]. However, the
available information of microbial communities,
which are important to understand the mechanism of
minimization sludge yield in OSA processes, is limited.
Phospholipid fatty acids (PLFAs) were essential components of the cell membrane of microorganisms [10]. Given that specific PLFA biomarkers
were related to particular groups of microorganisms,
PLFA analysis was an established method for estimating microbial biomass and analyzing microbial
community structure in complex environmental
samples [11]. As an alternative strategy of cultivation-based technique, PLFA analysis has been previously proved to be a sensitive, rapid, and cost-effective biochemical method to evaluate the structure of
environmental microbial communities in soil, activated sludge, and sea water [12-14]. Moreover,
PLFAs were found within the membranes of all living cells but decompose quickly upon cell death, so
PLFA analysis was an efficient way to rapidly quantify the information of the living cells of environmental microbiota [10]. However, application of

The anoxic-oxic-settling-anaerobic (A+OSA)
process, modification of the anoxic-xoic (AO) process by inserting a sludge holding tank (SHT) into
the sludge return line, could achieve excess sludge
reduction. The microbial communities of the
A+OSA process were investigated using combined
phospholipid fatty acids (PLFAs) and polymerase
chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) methods. The PLFA-based microbial biomass of SHT was significantly lower
(<0.05) than that of other samples of the A+OSA
process and AO process. Gram-negative (G-) bacteria and aerobe biomarkers dominated in the A+OSA
and AO process except SHT in which Gram-positive
(G+) bacteria and anaerobe dominated. Results of
DGGE analysis suggested that 6 classes 
        
        , were identified, and   were main microorganisms in the two processes. This study suggested that
sludge decay in the SHT could be the main reason
for the sludge reduction in the A+OSA process. The
microgroups including   , 
 and    were involved in the
sludge reduction.
)'!#$
Sludge reduction, Oxic-Settling-Anoxic (OSA) process,
Microbial communities, PLFA, PCR-DGGE.
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Nowadays, treatment and disposal of huge excess sludge produced by numerous wastewater treatment plants (WWTPs) have become a serious problem in China [1]. The conventional excess sludge reduction methods which required higher energy consumption and treatment cost did not address the
source of the problem [2, 3]. Therefore, an ideal approach was in-situ excess sludge minimization in the
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aeration. Sludge discharges were permitted daily to
maintain the MLSS in the OTs at 2500 mg·L-1 for
the two processes. 
The seed sludge was obtained from a municipal
wastewater treatment plant in Chong-qing, China.
Synthetic wastewater was used in this research. The
composition of the nutrients in the synthetic media
fed to the two reactors was as follows (per liter): 300
mg of glucose; 170 mg of sucrose; 10 mg of peptone;
67.5 mg of NaHCO3; 22.5 mg of NH4Cl; 21.94 mg
of KH2PO4; 11.36 mg of MgSO4·7H2O; 7.5 mg of
CaCl2·2H2O; 4.0 mg of FeCl3; 0.06 mg of
ZnSO4·7H2O; 0.03 mg of MnCl2·4H2O; 0.006 mg of
CuSO4·5H2O; and traces of CoCl2·6H2O and
(NH4)6Mo7O24·4H2O. Wastewater parameters, i.e.,
total nitrogen (TN), total phosphorus (TP), ammonium (NH3-N), and chemical oxygen demand (COD)
were tested according to the Chinese SEPA Standard
Methods [21] (SEPA 2002). The characteristics of
the influent and effluent were shown in Table 1.

PLFA method to analyses microbial community at
the species level was limited, since the same fatty acids can occur in more than one species [15]. To overcome this limitation, polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE)
of the environmental microbial genome DNA/RNA
was a proven powerful technique of microbial classification at the species level [16]. PCR-DGGE analysis was a reliable, reproducible and rapid method to
reflect the genetic diversity of a microbial community, even though some limitations associated with
DGGE analysis, including similarities in the mobility characteristics of the polyacrylamide gel of DNA
fragments with different sequences, co-migration of
DNA fragments and resolution problem for low
abundance microbes [16, 17]. Therefore, combined
PLFA and PCR-DGGE analysis was a valuable and
mutual complementary way to elucidate the environmental microbial communities [18, 19].
The conventional anoxic-aerobic (AO) process
has been widely used in industrial and municipal
wastewater treatment due to its high nitrogen removal efficiency [20]. In this study, the microbial biomass and diversity of the anoxic-oxic-settling-anaerobic (A +OSA) process, a modified AO process
by inserting an SHT into the sludge return circuit,
was investigated by combining PLFAs and PCRDGGE analyses. The aim of the present study was to
provide microbial information in order to get further
insight into the reason for sludge reduction in the A
+ OSA process.

@<:*,<276 *6- -.<.,<276 7/ "; The
sludge samples (50 mL) were collected from each
tank of the AO and A+OSA process. The samples
were then centrifuged (10,000 ×) at 4 °C for 10 min;
the supernatant was discarded and the solid sediment
was harvested for lipid extraction. The lipid extract
of the obtained solid sediment was obtained according to a previously described method with slight
modifications [22, 23]. In brief, lipids were extracted
with 19 mL of the mixture solution of chloroform:
methanol: citrate buffer (1:2:0.8, v/v/v) for 2 h, and
the solution was divided in two phases and allowed
to stand overnight. Afterward, a total of 15 mL of the
mixture solution of chloroform: citrate buffer (2:1,
v/v) was added. After phase separation, the organic
phase was collected and evaporated under nitrogen
stream, and the phospholipids were fractionated on a
silica column (250mg·3mL-1, EHSY, China). The
phospholipids were methylated to fatty acid methyl
esters (FAMEs) using methanol-toluene (1:1, v/v)
and 0.2 mol·L-1 methanolic KOH in the 37 °C water
bath. The FAMEs were identified by GC-MS (Agilent 7890A/5975C, Agilent Corporation, U.S.A).
Separations were performed in an HP-5MS capillary
column (30.0 m×0.25 mm×0.25 µm) operated at a
constant helium flow of 1 mL·min-1 and an injector
temperature of 250 °C. During analysis, oven temperature was maintained at 40 °C for 5 min; this temperature was then increased to 200 °C at 5 °C·min-1
and maintained for 10 min. The ionization energy
was 70 eV. Peaks were identified by comparing the
mass spectra to the NIST11 database and the retention time of standards (C4-C24, Accustandard,
USA). PLFAs were quantified using methyl nonadecanoate fatty acid (19:0, AccuStandard, USA) as
an internal standard, which was quantitatively added
to the phospholipid fraction prior to methylation.

%#$ %!$

@8.:25.6<*4 ;.<=8 *6- 78.:*<260 ,76-2
<276; Two identical reactors comprising an anoxic
tank (AT) with an available volume of 4.0 L, an oxic
tank (OT) with an available volume of 12 L and a
settling tank with a volume of 4.0 L were used in the
two continuous processes. In contrast to the AO process, an SHT with an available volume of 25L was
inserted into the sludge recycling line to form
A+OSA process. The temperature of the two processes was controlled at 25 ± 1 °C using a water bath.
The ATs and SHT were mixed using a magnetic stirrer at a speed of 120 r·min-1, and SHT was covered
with a gas release outlet to maintain gas pressure balance. The influent flow rate in two processes was
maintained at 48.96 L·day-1 using peristaltic pumps
with a sludge returning ratio of 100% and internal
recycling ratio of 200%. The chemical oxygen demand (COD), dissolved oxygen (DO), and mixed
liquor suspended solid (MLSS) concentrations in the
ATs and OTs were maintained at the same level in
the two processes. The hydraulic retention times
(HRT) were 1.92 h and 5.56 h for the ATs and OTs
of two processes, respectively. The HRT of SHT
lasted for 7.14 h in the A+OSA process. DO was
maintained at 2.5 mg·L-1 to 3.5 mg·L-1 in the OTs by
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Influent wastewater (mg·L-1)
565.5 ± 34.7
57.9 ± 5.2
66.3 ± 2.9
5.5 ± 1.1
Effluent wastewater (mg·L-1)
AO
16.4 ± 13.6
2.0 ± 1.3
10.4 ± 2.9
0.5 ± 0.2
A+OSA
16.9 ± 14.0
1.8 ± 1.2
9.4 ± 2.7
0.4 ± 0.2
*6*4A;.;DGGE analysis of PCR amplified fragments was performed using the DCode
Universal Mutation Detection System (Bio-Rad,
Hercules, CAUSA) as previously described [32].
The PCR amplicons were separated using 6%
(wt·v-1) polyacrylamide [acrylamidebisacrylamide
(37.5:1)] gels with a denaturing gradient of 45-75%
(100% denaturantcontains 7 M urea and 40% formamide). An electrophoresis separation of amplicons
fragments was carried out for 17h at a constant voltage of 80 V and at a temperature of 60 °C. The gels
were stained with 1:10000 (v/v) SYBR Green I for
30 min at room temperature, then were photographed
on a UV transillumination table with a digital camera
(GelDoc XR, Bio-Rad). Gel images were analyzed
using the Quantity one software (Bio-Rad, USA).
The representative bands were carefully excised under UV light, and eluted in 30 μL of ddH2O overnight at 4 °C. Then 5µL of the DNA diffused in water served as template for PCR amplification as described above. The PCR products were purified with
a universal PCR purification kit (Tiangen, Beijing,
China) and sent to a commercial sequencing company for cloning and sequencing (Majorbio, Shanghai, China).
The sequences were compared and identified
with sequences deposited in the National Center for
Biotechnology Information (NCBI) database using
the BLAST program (http://ncbi.nlm.nih.gov/Blast)
and also phylogenetically classified using “Sequence
Match” facility of the Ribosomal Database Project
(http://www.cme.msu.edu/RDP/
analyses.html).
The unique sequences obtained in this study were
submitted to GenBank with the accession numbers
NR043772-NR043791.

$<*<2;<2,*4 *6*4A;.; One-way ANOVA with
Duncan's test were used to test differences of the
PLFA data of each group. Differences were considered statistically significant at <0.05. One-way
ANOVA was performed by SPSS 19.0 software
(SPSS Inc. IL, USA). The DGGE patterns were clustered based on the unweighted pair–group arithmetic
average (UPGAMA) clustering algorithm. The
Shannon index (H) was calculated to reflect the
structural diversity (richness and evenness) of the
microbial community [33].

75.6,4*<=:.7/";The nomenclatures
of PLFAs were described according to previous
study [24]. The abundance of the specific microbial
groups in the microbial communities can be understood by examining the concentration of fatty acids
that characterize these microorganisms. The sums of
the PLFAs i13:0, a14:0, i14:0, a15:0, i15:0, a16:0,
i16:0, a17:0, and i17:0 were used to evaluate the biomass of Gram-positive (G+) bacteria [24-26]. The
sums of the PLFAs 16:1ω5c, 16:1ω7c, 16:1ω9,
cy17:0, 18:1ω6 and cy19:0 were used to estimate the
biomass of Gram-negative (G-) bacteria [24, 26, 27].
Meanwhile, the sums of PLFAs 16:1ω5c, 16:1ω7c,
18:1ω6 and 18:1ω9 represented the aerobe [28]. The
sums of PLFAs 14:0, i14:0, a15:0, i15:0, 15:0, i16:0,
cy19:0 and cy17:0 were used as an anaerobe indicator [29, 30]. The sum of PLFAs 18:lω9, 18:2ω6 and
18:2ω9 was used as an indicator of fungal [23, 25,
28]. 

  2;74*<276 *6- "# *5842/2,*<276
Whole genomic DNA was extracted from each sample of the two processes, using the FastDNA spin kit
for soil (Qbiogene, Irvine,CA) according to the instructions of the manufacturer. DNA quality and
quantity were checked using a NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington,
DE). Bacterial16S rRNA gene fragments were PCRamplified using conserved domain-specific primers
341F (5′-GCCTACGGGAGGCAGCAG-3′ with 5′end
GC
clamp)
and
907R
(5′CCGTCAATTCMTTTGAGTTT-3′) as previously
described [31]. The PCR reaction mixture consisted
of 0.2 mM of each deoxynucleoside triphosphate,
10×PCR buffer (Mg2+ Plus), 0.1mM of each primer,
1.25U of TaKaRa Taq HS polymerase (TaKaRa Biotech, Dalian, China), 3 μL of DNA template and
double deionized water (ddH2O) to bring the final
volume to 50μL. PCR reaction was carried out in a
thermal cycler (Bio-Rad Laboratories, Hercules,
CA) using the following programme: 5 min of incubation at 94°C, followed by 35 cycles of 94°C for 30
s, 55°C for 40 s, and 72°C for 45 s, with a 5 min
extension at 72°C. A single band of the expected size
was obtained when PCR products were checked using 1.2% agarose gel.
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"8:7/242607/52,:7+2*4,755=62<2.;26
-2//.:.6< ;*584.; 7/ <?7 8:7,.;;.; A total of 22
specific PLFAs were detected and identified in the
A+OSA process, while 20 PLFAs were identified in
the reference AO process (Fig. 2). The PLFAs were
compounds ranging from C12 to C20, consisting of
the normal saturated PLFA, monounsaturated PLFA,
polyunsaturated PLFA, methyl-branched PLFA,
OH-branched PLFA and cyclopropyl PLFA. For the
A + OSA process, a total of 22 PLFAs were identified in the AT and OT, in which i15:0, 16:1ω7 and
18:1ω9 were determined as the dominant PLFAs.
However, cy19:0 and 18:1ω10 were not detected in
the SHT. In the AO process, a total of 19 PLFAs
were identified in the AT and 20 PLFAs in the OT.
The dominant PLFAs were i15:0, 16:1ω7, 16:1ω9,
and 18:1ω9. 
A comparison of the average abundance and ratios of each group of microorganisms were discussed
to investigate the microbial community structure of
the two processes. PLFA 16:0, which presented
widespread in various types of microorganisms, was
used to indicate the total microbial biomass [34]. As
shown in Fig.3, the amount of biomass which was
almost two fold higher than that in SHT did not
change remarkably (<0.05) in the anoxic tank
(A+OSA-A) and oxic tank(A+OSA-O) of A+OSA
process. Moreover, the abundance of G+ bacteria remained nearly unchanged in different samples of
A+OSA process. The content of G- bacteria did not
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remarkably change in A+OSA-A and A+OSA-O;
lower G- bacterial content was found in SHT. The
content of aerobe presented a similar trend with that
of G- bacteria in the A+OSA process. The content of
anaerobe in A+OSA-A and SHT was almost constant; the A+OSA-O exhibited a lower content. For
the AO process, a notably higher content of microbial biomass and microorganisms, including G+,
G-, aerobe, anaerobe and fungi, were monitored in
the oxic tank (AO-O) when the activated sludge
flowed from the anoxic tank (AO-A). The ratios of
the different microorganisms were shown in Fig.4.
Both in A+OSA and AO processes, the ratios of
G+/G- and aerobe/anaerobe in ATs and OTs indicated that G- and aerobe were the dominant microorganisms. In the SHT, the dominant microorganisms were the opposite of those found in ATs and
OTs of the two processes. (i15:0+a15:0)/16:0 indicated the ratio of bacteria to total microorganisms
[34]. The ratio in the SHT was approximately two
fold higher than other samples, indicating that the
abundance of bacteria in the SHT was the highest.
 8:7/24260 7/ 52,:7+2*4 ,755=62<2.;
26-2//.:.6<;*584.;7/<?78:7,.;;.;In order to
understand the variation of microbes in the two processes, PCR-DGGE analysis was undertaken to explore the microbial communities (Fig. 5a). The number of bands produced by the samples from the
A+OSA process was lower compared to the AO process. Multivariate cluster analysis of the DGGE
banding patterns of all the samples withdrawn from
the two processes showed a clear separation between
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Different letters indicate significant differences (<0.05, ANOVA, Duncan’s test)
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A+OSA process and AO process (Fig.5b). Furthermore, it showed that samples from A+OSA process
could be divided into two main groups. A+OSASHT and A+OSA-O were clustered in one group and
this group was distinguished from AO-A. The phylogenetic distribution of prominent 16S rRNA gene
sequences from different samples of the two processes was shown in Table 2. A total of 20 bands
were carefully sliced, recovered and sequenced, and
the results showed that 6 classes   
       
      , were identified, and 
  was main microorganism in the two
processes. Bands 11-12 which were identified as
  , were prominent in the DGGE

pattern of the AO process. However, in the A+OSA
process, the intensities of these bands appeared
greatly reduced, while band 3 corresponding to 
   was more prominent, especially in the
SHT. Additionally, 2 special band (bands 6-7) associated with   only occurred in the
A+OSA process. Microbial diversity indices including Shannon-Wiener H and Evenness E index of different samples in the two processes were calculated
according to the peak density of DGGE bands (Table
3). The diversity indexes showed that AO-A had a
higher level of Shannon-Wiener H and Evenness E
than AO-O. A+OSA-SHT exhibited the lowest microbial biodiversity among the three samples of the
A+OSA process. 
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47;.;<:.4*<2>. 
1
Flavobacterium defluvii strain EMB117
2
Marivirga tractuosa DSM 4126
3
Uncultured Bacterium
4
Filimonas lacunae strain YT21
5
Fulvivirga kasyanovii strain KMM 6220
6-7
Lewinella cohaerens
8
Ralstonia thomasii strain LMG6866
9
Ralstonia pickettii strain ATCC 27511
10
Azospira restricta strain SUA2
11-12
Dechlorimonas agitatus
13
Dechloromonas hortensis strain MA-1
14
Azonexus fungiphilus
15
Zoogloea caeni strain EMB43
16-17
Uncultured Rhizobium sp.
18
Uncultured Ralstonia sp.
19
Herbaspirillum frisingense strain GSF30
20
Ralstonia mannitolilytic
Class, based on NCBI and RDP Classifier results, is given

$2524*:2<A
98
98
97
98
97
98
87
98
99
98
98
98
99
95
98
99
98

4*;;2/2,*<276
Flavobacteria
Cytophagia
Ignavibacteria
Sphingobacteria
Cytophagia
Sphingobacteriia
β-proteobacteria
β-proteobacteria
β-proteobacteria
β-proteobacteria
β-proteobacteria
β-proteobacteria
β-proteobacteria
α-proteobacteria
β-proteobacteria
β-proteobacteria
β-proteobacteria

% 
2,:7+2*4-2>.:;2<A26-2,.;26<?78:7,.;;.;*,,7:-260<78.*3-.6;2<2.;7/+*6-;
$*584.
AO-A
AO-O
A+OSA-A
A+OSA-O
A+OSA-SHT

>.66.;;
0.971
0.969
0.977
0.973
0.968
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$1*6676'.26.:
3.335
3.263
3.221
3.207
3.190

condition indicated that sludge decay in the SHT
could be the reason for the sludge reduction in the A
+ OSA process. This finding was consistent with earlier studies of Wang et al. [36]. Furthermore, a significant growth of microbial biomass (<0.05) was
observed when the activated sludge returned to the
A+OSA-A from the SHT. No growth of the microbial biomass was observed when the activated sludge
flowed from the A+OSA-A to the A+OSA-O. In the
AO process, the amount of microbial biomass and
microorganisms, including G+, G-, aerobic, and anaerobic bacteria, significantly increased (<0.05),
suggesting that the microbial metabolic pathway
may have changed in the A+OSA process.
The ratio of G+/G- indicated that the abundance of G-bacteria in ATs and OTs of the two processes was higher than that of G+ bacteria (Fig.4).
The microbial groups in ATs and OTs of the two processes were dominated by G- bacteria, which was
consistent with the result of the nested PCR-DGGE
in this study. DGGE analysis showed that the dominant species in the two processes was  
 , which attributed to G- bacteria, may contribute
to confirm the mentioned results. By contrast, the
dominant microbial group in the SHT was G+ bacteria, indicating that the microorganism died in the
SHT was mainly G- bacteria. However, it was worth
noting that the results obtained using the PLFA
method was not in perfect agreement with DGGE
analysis. This, however, may not be surprising since

In our previous study, the sludge production
rates were 2.46 g SS·day-1 and 1.17 g SS·day-1 in the
AO and A+OSA process, respectively [35]. The
A+OSA process could achieve good sludge reduction rate without detrimental effects on sludge settling and effluent quality. The A+OSA process
demonstrated low sludge yield owing to the insertion
of SHT. The composition and activities of microorganisms which determined the efficiency of sewage
treatment process and yield of excess sludge needed
to be illustrated in detail. It would be conducive to
get further insights into the mechanism of excess
sludge minimization in the A+OSA process. The influence of the SHT on the microbial biomass and
community structure was evaluated using a polyphasic approach consisting of PLFA and DGGE
analyses.
The microbial communities of A+OSA process
and AO reference process were assessed by combining PLFA and PCR-DGGE methods for the first time
in this study. The microbial biomass information
was closely related to the concentration of the particular PLFAs in the environmental samples. Thus, the
microbial biomass of the samples from the A+OSA
and AO process was effectively estimated by the
PLFA method. In the A+OSA process, the microbial
biomass of the SHT was the lowest, suggesting that
some of the microorganisms died in the SHT. The

7516

#"

  $    





  !



the removal of various organic matters from municipal wastewater [41]. DGGE analysis showed that 
  (band 16-17) was also minimized in
the A+OSA process. This could be also associated
with the fact that OSA process could improve the
settle ability of activated sludge and suppress the
sludge bulking, as explained by Ye et al. [38].  
  is a metabolically versatile organism assigned to the phylum Chlorobi, which is capable of
organoheterotrophy under both oxic and anoxic conditions [42, 43]. In this study,    (band
3) only existed in the A+OSA process, especially enriched in the SHT. The finding which further studies
are required to confirm may be related with sludge
reduction in the A+OSA process.
It has been reported that sludge decay in the
SHT was the major cause of the sludge reduction in
the OSA process [9, 36]. Consequently, insertion of
SHT will cause a shift of microbial community structure in the OSA process. As shown in Fig.5b, there
were obvious differences between the bacterial community structure of A+OSA process and AO process, which was evidenced by the cluster analysis of
DGGE patterns. Moreover, DGGE diversity indices
both Shannon-Wiener H and Evenness E indicated
that the SHT of the A+OSA process presented lower
microbial diversity than other samples which also
demonstrated sludge decay in the A+OSA process
(Table 3). These findings would supply further insights into the mechanism of the minimization of excess sludge in the OSA process.

PLFA method analyzes the living microbial community, but DGGE method analyzes all the microbial
community, including both living and dead cells.
The microorganisms both in the A+OSA process and the AO process should undergo alternating
anoxic and oxic conditions. Moreover, the microbes
in the A+OSA process must undergo an anaerobic
and starvation environment in the SHT. According
to the ratios of the aerobe/anaerobe, aerobe was
found dominant group in ATs and OTs of the two
processes. In the SHT which exhibited anaerobic and
starvation environment, anaerobe was superior. The
dominant microbe   was involved in
many wastewater treatment processes, which included many aerobic or facultative bacteria [37].
Thus, combining analyses of the ratio of the G+/Gin the SHT, we could infer that the microbe involved
in sludge reduction in the A+OSA process could be
mainly
  .
Ratio
of
(i15:0+a15:0)/16:0 in the SHT indicated an increase
in the proportion of bacteria to total organisms.
Meanwhile, the amount of fungi in the A+OSA process was lower than that in the AO processes, especially in the SHT. This was also coincided with the
conclusion that insertion of SHT could improve the
settle ability of activated sludge and suppress the
sludge bulking [38].
Results of bacterial DGGE analysis showed
that class   was the dominant microbiota in various samples of two processes.  
  was well known for the utilization of a
wide spectrum of carbon sources and is the main organism involved in the degradation of organic compounds in wastewater treatment [39]. The nutrient removal efficiency of the A+OSA process was almost
similar to the AO reference process. Accordingly,
the dominant microbes in the two processes should
be retaining consistency. The insertion of SHT provided anaerobic-starvation environment in the
A+OSA process, so some microorganisms which
could not stand this special environment began to diminish [8]. For the same reason, the microorganisms
could adapt to the environment in the SHT would be
enriched in the A+OSA process. Though 
 was the dominant microbe in the two processes, some of them (band 11-12) vanished in the
A+OSA process.   comprises anaerobic fermentative bacteria that can ferment carbohydrates, including glucose, sucrose, and fructose, to
products of organic acid, ethanol, and CO2/H2 [40].
In this study, even though partial  
(band 4) disappeared in the A+OSA process, another
part of    (band 6-7) was selective
present in the sludge reduction process. This selective enrichment of   in the A+OSA
process would be attributed to its potential ability of
sludge reduction.    includes filamentous bacteria often associated with bulking incidents or deteriorating settling properties of the
sludge. These bacteria could also be responsible for

! &$! $
Combining PLFA and PCR-DGGE analysis
provided greater insight into the shift of microbial
communities in the A+OSA sludge reduction process. PLFA analysis was an efficient way to rapidly
measure the biomass of the living microbiota, which
showed that sludge decayed in the SHT and the minimized microbes were mainly G- bacteria and aerobe. PCR-DGGE analysis further confirmed that 
  was predominant microbes in the two
processes. Microgroups including   
  and   were probably connected with the sludge reduction in the
A+OSA process. The bacterial community structure
differences between the A+OSA process and AO
process evidenced by the DGGE patterns suggested
that insertion of SHT had a significant impact on the
microbial community structure. The microbial information obtained from this study would facilitate future research on the OSA process as an effective and
sustainable wastewater treatment process with minimal sludge production. Further improvement of
sludge decay by engineering microbial ecology in an
A+OSA process will be studied in the future.
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stresses are all important. Most used methods for
the development of alfalfa cultivars is recurrent
phenotypic selection [4]. Development of new alfalfa cultivars or populations is difficult and a very
long-lasting process. Genetic diversity and variability of alfalfa breeding pool during the selection
through, as a new source of genetic diversity is a
prerequisite for successful breeding and developing
of new cultivars or populations with high potential
for yield and forage quality [5]. The objective of
this study was to evaluate to determining forage
yield and quality parameters of alfalfa genotypes
where collected from West Mediterranean Region
of Turkey and to improve a source population for
the alfalfa breeding program.


$"#$ #

#1;-,-:+917;165. The trial was carried out during the 2014 and 2017 growing seasons at Bati
Akdeniz Agricultural Research Institute (36°94.
077 N, 30°89. 008 E) experimental fields of the
Department of Field Crops area in Antalya Province
located in the Mediterranean region of Turkey.
Meteorological data and the soil properties of locations were given in Table 1 and 2, respectively.
Long period average precipitation of the experimental area (Province Antalya) is 963.4 mm. During the experiment in 2015, 2016 and 2017, total
annual precipitation was measured as 562.2, 1069.0
and 512.7 mm respectively. Most of rain falls took
place in winter months, so irrigation was done when
it is necessary before cuttings and after each cut.
Relative humidity and average temperature were
similar in long period and during 2015, 2016 and
2017 (Table 1).
The soil texture was silty-clay-loamly soil
with organic matter content 2.4% (adequately) and
8.5 (strong alkaline) pH level (Table 2). No chemical was applied, during the growing seasons because of there were no pests or diseases in the experimental area and when needed throughout the
growing seasons weed controlled were done with
hand by hoeing.

The objective of this study was to development new source populations in alfalfa. The forage
yield and quality of thirty-seven alfalfa (   
  L.) genotypes were determined. The experiment was conducted in a randomized complete
block design with 3 replicates in 2015, 2016 and
2017 in Antalya, in Turkey. Seven cuttings were
done every year during the vegetation period of
three years. There were determined that dry matter
yield (DMY), crude protein (CP), neutral detergent
fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL) and relative feed value (RFV).
As three-year observations; DMY were found between 1710.84-3642.94 kg da-1, CP 15.57-19.83%,
ADF 30.50-34.36%, NDF 38.86-45.80%, ADL
7.16-8.55% and RFV 125.43-159.93. Eight alfalfa
genotypes (Gazipasa-1, Konyaalti-1, Konyaalti-2,
Finike-1, Finike-1, Demre-1, Kas-1 and Akcay)
were selected for alfalfa breeding program, reason
for their superior yield and quality characteristic.


(' "#
Alfalfa, breeding, quality, yield

$" %$ 
Alfalfa is one of the most important forage
crops of World, because of its excellent forage
quality, high forage yield in different environments,
and high adaptability to different climatic conditions [1]. Alfalfa originated in Vavilov’s Near Eastern Center Asia Minor, Transcaucasia, Iran and
Turkistan. In the wild alfalfa and related perennial
species are found throughout Eurasia and as far
north as Siberia [2]. There are more than 60 species
of the genus     all over the world and half
of them grow in Anatolia. Alfalfa is a cross pollinated, polyploid, perennial grown primarily for a
vegetative product. This means that alfalfa is a
heterozygous, continually segregating population in
which every plant is genetically different [3]. A lot
of breeding aims for alfalfa are similar to those in
other crops-increasing yield, enhancing nutritive
value and improving tolerance to abiotic and biotic
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65;03?79-+171;);165)5,4-)5;-47-9);<9-15;0-->7-914-5;)3)9-):
Months
January
February
March
April
May
June
July
August
September
October
November
December
Total
Mean

Long years
245.7
133.2
48.20
55.80
49.80
4.20
3.00
1.80
27.00
134.4
77.80
182.5
963.4


Precipitation (mm)
2015
2016
156.2
236.3
90.0
156.2
69.8
98.8
22.0
52.5
46.0
31.5
5.0
9.4
1.0
2.5
0.0
2.7
33.3
14.5
102.8
72.0
34.9
131.4
4.2
261.1
565.2
1069
-

2017
114.0
8.8
95.0
34.0
59.6
0.2
0.0
0.0
0.4
44.6
80.7
75.4
512.7


Long years
10.2
11.1
13.7
16.4
21.0
25.9
28.9
28.8
25.1
20.3
15.4
11.6
19.03

Temperature (°C)
2015
2016
9.7
9.8
11.1
10.4
13.2
12.7
15.5
16.1
21.3
20.5
23.8
25.4
27.7
28.4
28.6
28.2
25.0
24.7
21.1
20.0
15.7
14.9
10.7
11.3

18.61
18.53

2017
8.8
11.1
13.3
16.9
20.7
26.2
29.9
28.9
25.3
20.2
16.5
12.8

19.22


$ 
#64-70?:1+)3)5,+0-41+)3+0)9)+;-91:;1+:6.;0-:6136.;0-->7-914-5;)3:1;-
pH (1:2,5)
Calcium (%)
EC micromhos/cm(25˚C)
Silica (%)
Clay (%)
Silt (%)
Organic matter (%)

8.5
22.8
420
15
33
52
2.4

!3)5; 4);-91)3: )5, ->7-914-5;)3 ,-:1/5
The 26 alfalfa (      L.) genotypes that
used in the project collected from different parts of
the West Mediterranean coastal region within the
cope of Suleyman Demirel University (SDUBAP3190-D1-10) project and 11 alfalfa genotypes collected from East Mediterranean Transitional Zone
within the General Directorate of Agricultural Research and Policies (TAGEM-P01-M-07) project.
Each plot occurred of 5 rows, each 2 m in
length. The row spacing was 20 cm. The seeding
rates were 2 kg da-1. The plots were fertilized in
establishment year using DAP (18% N and 46% P)
at 10 kg da-1. The plots were irrigated once after
each harvest.
The trial was conducted in a randomized complete block design with 3 replications. A split plot
design was used for unified analysis of the 3 years.

Strong alkaline
Over calcic
Brackish
Silty clay loamy

Adequately

five plants selected randomly from each plot at
harvest and were dried at 70 °C for 48 h, and
weighed that used for calculation of dry matter
content.

69)/- 8<)31;? )5)3?:1: )5, +)3+<3);165:
Dry matter yield, crude protein, ADL, NDF, ADF
and RFV were determined for all samples. The
crude protein (CP) content was calculated by multiplying the Kjeldahl nitrogen concentration by 6.25
[6]. The acid detergent fiber (ADF), neutral detergent fiber (NDF) and the acid detergent lignin
(ADL) contents were determined according to
methods from Ankom Technology. The relative
feed value (RFV) was estimated according to the
following equation adapted from Albayrak and
Turk [7] (RFV = [120 / NDF] × [88.9 – (0.779 ×
ADF)] × [0.775]).

#;);1:;1+)3 )5)3?:1: Data were analyzed by
using the SAS general linear model procedure [8].
A combined analysis of variance over 3 years was
performed. Treatment mean differences were separated and tested by Duncan’s test at the p=0.05
probability level.


"#%$##%## 

<3;1=);165 79)+;1+- The plots were no harvested in the year of establishment and during the
second year, plots were harvested on 6th May, 3rd
June, 29th June, 23rd July, 24th August, 16th September, 21st October in 2015, 25th April, 23rd May, 15th
June, 14th July, 04th August, 25th September, 26th
October in 2016 and 23rd March, 5th May, 29th May,
22nd June, 19th July, 15th August, 11th September in
2017. The harvest time was based on the 10% flowering stage of alfalfa.

-):<9-4-5; )5, :)47315/ 796+-,<9-: At
each harvesting time, harvest and sampling procedures were made at the center four rows of each
plot. Plants were cut to a stubble height of approximately 5 cm. After measuring fresh forage weights,

According to three year’s results, there were
statistically significant (P<0.01) differences among
the alfalfa genotypes regarding all measurements,
which were performed each cut (Table 3).
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"-:<3;:6.)5)3?:1:6.=)91)5+-)5,4-)5:8<)9-:6.;0-;9)1;:,-;-9415-,
d.f
DMY
CP
ADL
ADF
NDF
Block (B)
2
1213811*
3.184
0.174
0.298
8.983*
Genotype (G)
36
1518715**
18.04**
1.739**
46.417**
46.359**
Error 1
72
174063
1.194
0.264
3.283
2.153
Year (Y)
2
9083855**
85.98**
2.337**
286.49**
189.096**
GxY
72
74454*
0.737
0.025
2.289
1.281
Error 2
148
50795
1.195
0.258
2.390
1.756

RFV
108.605
1119.55**
36.312
5605.618**
30.226
29.711

df = degrees of freedom. *P < 0.05 and **P < 0.01.

$ 
9?4);;-9?1-3,:)5,+9<,-796;-15+65;-5;:!6.)3.)3.)/-56;?7-:
9<,-796;-15+65;-5;
-56;?7-:
9?4);;-9?1-3,2/,) 



4-)5



4-)5
Gazipasa-1
4139.6ab 3714.3a
3074.9a
3642.9a
20.1ad
20.4ab
18.8ab
19.8 a
Gazipasa-2
1488.0o
1936.2hı
1708.3o
1710.8m
16.9ln
16.1hk 14.9mq 16.0mn
Alanya-1
2864.1hn 2813.3bh 2429.6dg 2702.4dg
17.4ln
16.6gk
15.5gq
16.5jn
Alanya-2
2719.1kn 2281.7eı 2190.1ım 2396.9hk 16.6mn
15.9k
14.4oq
15.7n
Manavgat-1
2921.8gm 2682.8cı 2288.2ek 2630.9dh 17.9gn
17.1fk
16.8bl
17.3gk
Manavgat-2
3210.4dj
2153.1fı 2165.1jm 2509.5 eı
17.9fn
16.96
15.8gq
16.9
Serik-1
3305.6cı 2563.1cı 2077.3ln 2648.7dh 18.3en
17.0fk
16.1fp
17.2hl
Serik-2
3372.0cı 2626.7cı 2331.3ek 2776.7dg
18.7cl
17.6dk
16.4do
17.6gı
Aksu-1
2970.8fm 2754.3bh 2320.6ek 2681.9dh 17.2kn
16.3hk
15.3kq 16.3ln
Aksu-2
3381.4cı 2804.5bh 2187.7jm 2791.2dg 18.9bk
17.8ck
17.5ah 18.1eh
Kepez-1
3283.0ck 2976.8af 2285.2ek 2848.3cg
17.3jn
18.1bk
17.9af
17.8eı
Kepez-2
3225.7dj 2674.5cı 2343.9ej 2748.0dg 18.6cm
17.3ek
16.8cl
17.6gı
Doseemealti-1
3151.2dj 2895.3ag 2345.8ej 2797.4dg 17.8gn
17.6dk
17.9af
17.8eı
Dosemealti-2
3105.5dj 2412.7cı 2322.5ek 2613.6dh
17.4ın
16.4hk
15.7gq
16.5jn
Konyaalti-1
3449.8cg 2963.3af 2406.3dh 2939.8cf
19.9ae
20.8a
18.7ac
19.8a
Konyalalti-2
3634.3bd 3088.5ae 2444.1cf 3055.6ce
20.9a
19.9ad
18.2ae
19.7ab
Kemer-1
2839.0ın 2958.7af 2293.1ek 2696.9dh 17.6ın
16.4hk
15.4ıq
16.5jn
Kemer-2
2526.8ln 2327.4dı 2032.1mn 2295.4kl
16.9ın
16.2hk
14.1q
15.7n
Kumluca-2
3274.3ck 3011.7af 2442.9cf 2909.6ce
17.5ın
17.9ck
17.6ag
17.7fı
Finike-1
3590.1be 3237.3ad 2821.5b
3216.4ac
19.3aı
19.0ag
19.0a
19.1ad
Finike-2
3806.1ac 3268.0ac 2816.9b
3297.0ac 20.6ab
19.7ae
19.1a
19.8a
Demre-1
3537.2cf
3714.2a
2573.1cd 3274.8ab 19.6ah
19.5af
18.4ad 19.2ad
Demre-2
2473.1mn 2254.3eı 1926.6 n 2218.0kl
16.5n
15.8k
14.3pq
15.6n
Kas-1
4259.4a
3611.2ab 2603.7c
3491.4ab 19.7ag
20.6a
18.9a
19.8ab
Korkuteli
3329.6cı 2514.0 cı 2252.7gl 2698.8dh 19.5ah
18.2bk
17.2ak 18.3dg
15.9jk
14.1q
15.6n
Elmalı
2974.5fm 2348.6dı 2146.3km 2489.8fj 16.8mn
Buyukkoy
2969.1gm 2392.3cı 2157.7km 2506.4eı
17.2jn
16.3hk
15.3jq
16.3kn
Calpınar
3051.0el 2044.9gı
1957.3n 2351.1hk 18.1en
16.9gk
16.3fp
17.1hl
Datkoy
3431.0ch 2570.4cı 2465.6ce 2822.3cg 20.3ac
18.6ah
17.4aı
18.8be
Garipcce
3617.7be 2493.1cı 1975.1 n 2695.3dh
19.1aı
18.5aj
17.1al
18.2dg
Dagbeli
3592.7be 2599.3cı 2237.7 hl 2809.9cg 19.9ae
18.5aı
17.3aj
18.6cf
Akcay
3594.6be 2984.5af 2372.8eı 2983.9cf
19.9af
20.2ac
18.6ac
19.5ac
Dudenkoy
3425.2ch 2676.4cı 2271.7fk 2791.1cg 18.4cn
17.4ek
16.5dn
17.5gj
Tasagıl
3353.4cı 2428.6cı
1973.4n
2585.1eı
17.8ın
16.0hk
15.3jq
16.4kn
Sobucimen
2797.7jn 2425.2cı 1928.8 n 2383.9hk 16.7mn
15.7k
14.3pq
15.6n
Gombe
2723.0kn
1795.4ı
1458.4p
1992.3l
16.9ın
15.9ık
14.6nq
15.8n
Cavdır
2336.6n
2160.1fı 2177.2jm 2224.7kl
17.1kn
16.4hk
15.1lq
16.2ln
Mean
3181.74
2679.9B
2265.0
2708. 9
18.3A
17.6B
16.6C
17.5
CV (%)
8.90
8.91
4.16
8.71
5.30
7.18
6.18
6.25
Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.

3714.3 to 1795.4 kg da-1 in the second year and
3074.9 to 1458.4 kg da-1 in the third year. Gazipasa1 (3642.9 kg da-1), Finike-1 (3216.3 kg da-1), Finike-2 (3297.0 kg da-1), Demre-1 (3274.8 kg da-1) and
Kas-1 (3491.4 kg da-1) alfalfa genotypes had signif-

Dry matter yield of alfalfa genotypes were
given in Table 4. The Alfalfa dry matter yields were
higher during the first year (P<0.01) compared to
second and third years. Dry matter yield ranged
from 4259.4 to 1488.0 kg da-1 in the first year,
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icantly the highest three-year average dry matter
(18.32%) was higher than in second (17.62%) and
yields. The average of dry matter yield of other
third (16.57%) years. When three-year average
genotypes ranged from 1710.84-3642.94 kg da-1
crude protein contents of alfalfa genotypes are ana(Table 4). The studies in Turkey with alfalfa; dry
lyzing, Gazipasa-1, Konyaalti-1, Konyaalti-2, Finimatter yields of alfalfa were found 787-1620 kg da-1
ke-1, Finike-2, Deme-1, Kas-1 and Akcay alfalfa
by Turan et al. [9] in Eastern Anatolia, 2031-2680
genotypes (19.79, 19.83, 19.70, 19.12, 19.81, 19.19,
kg da-1 by Kavut and Avcıoglu, [10] in Aegean
19.76 and 19.53%) had higher crude protein conregion, 2617-2066 kg da-1 by Yuksel et al. [11],
tents than the other alfalfa genotypes (Table 4).
1754-2556 kg da-1 by Yılmaz and Albayrak [12]
In another studies to determine the crude proand 1791 kg da-1 by Karayilanli and Ayhan [13] in
tein ratios of alfalfa; Malushi et al. [15] 19.70%,
Mediterranean region. Gokalp et al. [14] emphaSulc et al. [16] 25.0-26.4%, Li and Su [17] 20.74sized that the interaction of many factors as cutting
24.62%, Strbanovic et al. [18] 21.5% were detertime, cutting height, number of cutting, soil strucmined. Our findings are generally similar to those
ture, fertilization, irrigation possibilities, climate,
of the above mentioned researchers. However, Rimi
ecological conditions as well as kinds of varieties in
et al. [19] reported that varieties and ecological
alfalfa cultivation is the most important for differfactors as well as the changes in the harvest time,
ences in dry matter yield.
are effective factors in the change of the crude proAlfalfa crude protein content in first year
tein content of alfalfa.
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Gazipasa-1
6.96 x
7.11
7.42 nq
7.16 k
25.13 op
28.25 km
30.75 gı
Gazipasa-2
8.53 a
8.47
8.66 a
8.55 a
33.69 ab
34.75 ad
36.65 a
Alanya-1
7.99 fh
8.17
8.26 ce
8.14 ad
31.29 cf
33.41 af
35.53 ad
Alanya-2
8.19 ce
8.15
8.35 bd
8.23 ac
34.36 a
34.42 ad
36.73 a
Manavgat-1
8.03 eg
8.23
8.36 bc
8.21 ac
32.56 ac
35.12 ab
36.27 ac
Manavgat-2
7.69 jo
7.93
8.17 cf
7.93 cg
30.29 eı
32.21 bı
32.72 aı
Serik-1
7.65 kp
7.81
7.93 gj
7.80 ch
30.41 dı
32.46 ah
33.16 ah
Serik-2
7.51 os
7.75
7.86 ıj
7.71 dj
29.64 gk
31.43 dl
32.45 cı
Aksu-1
7.84 hk
7.95
8.15 df
7.98 be
31.44 cf
33.27 af
34.23 af
Aksu-2
7.55 nq
7.81
7.92 gj
7.76 cı
29.63 fk
30.58 fm
31.77 dı
Kepez-1
7.75 ım
7.93
8.09 eh
7.92 cg
30.65 cg
32.55 ah
33.41 ah
Kepez-2
7.58 mq
7.76
7.77 jk
7.70 dj
30.13 ej
31.91 bj
32.79 aı
Doseemealti-1
7.77 ım
7.93
8.11 eg
7.94 cg
31.28 cf
28.56 jm
30.57 fı
Dosemealti-2
7.71 jn
8.02
8.15 df
7.96 cf
30.55 dh
32.66 ah
33.56 ah
Konyaalti-1
7.49 ps
7.23
7.45 mp
7.39 hk
25.96 np
27.74 m
30.17 gı
Konyalalti-2
7.17 uw
7.16
7.38 oq
7.24 jk
27.63 ln
29.48 gm
30.63 fı
Kemer-1
7.94 fı
8.07
8.35 bd
8.12 ad
31.57 cf
33.36 af
33.79 ag
Kemer-2
8.33 bc
8.36
8.69 a
8.46 ab
34.21 a
34.22 ae
36.61 a
Kumluca-2
7.79 ıl
7.91
8.05 fı
7.92 cg
30.47 dh
32.87 ag
32.95 ah
Finike-1
7.25 tv
7.75
7.77 jk
7.59 ek
27.89 km
29.12 ım
29.55 hı
Finike-2
6.98 x
7.10
7.25 q
7.11 k
26.54 mo
32.98 af
33.79 ag
Demre-1
7.03 wx
7.05
7.33 pq
7.14 k
24.52 p
28.11 lm
29.12 ı
Demre-2
8.42 ab
8.39
8.52 ab
8.44 ab
32.53 ac
35.83 a
36.57 ab
Kas-1
7.11 vx
7.09
7.29 pq
7.16 k
27.56 ln
29.25 hm
31.17 eı
Korkuteli
7.35 ru
7.44
7.58 kn
7.46 hk
28.54 ıl
33.25 af
34.88 ad
Elmalı
7.85 gj
8.15
8.35 bd
8.12 ad
32.51 ac
34.98 ac
36.13 ac
Buyukkoy
8.12 df
8.15
8.26 ce
8.18 ad
32.25 bd
32.98 af
33.79 ag
Calpınar
7.86 gj
8.12
8.36 bc
8.11 ad
30.52 dh
32.71 ag
34.16 ag
Datkoy
7.53 nr
7.28
7.63 km
7.48 fk
28.13 km
28.79 jm
31.08 eı
Garipcce
7.42 gt
7.32
7.65 kl
7.46 gk
28.65 hl
32.71 ag
32.89 aı
Dagbeli
7.33 su
7.23
7.58 kn
7.38 hk
25.75 op
27.77 m
29.62 hı
Akcay
7.22 uv
7.18
7.49 lo
7.30 jk
28.32j m
28.71 jm
30.48 fı
Dudenkoy
7.61 lq
7.86
7.91 hj
7.79 ch
29.32 gl
30.77 em
31.96 dı
Tasagıl
7.76 ım
7.97
8.15 df
7.96 cf
30.33 dı
31.56 ck
32.57 bı
Sobucimen
8.28 bd
8.56
8.57 a
8.47 a
32.55 ac
35.27 ab
36.18 ac
Gombe
8.35 ac
8.62
8.63 a
8.53 a
31.85 be
33.14 af
35.75 ad
Cavdır
8.46 ab
8.53
8.61 a
8.53 a
31.96 be
33.11 af
34.44 af
Mean
7.71 B
7.83 B
8.00 A
7.85
30.02 C
31.90 B
33.21 A
CV (%)
1.34
11.08
1.31
6.47
3.31
5.32
6.05
Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.
-56;?7-:
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28.04 no
35.03 ab
33.41 bf
35.17 a
34.65 ac
31.74 fk
32.01 ej
31.17 ık
32.98 ch
30.66 jl
32.20 ej
31.61 gk
30.14 km
32.26 ej
27.96 no
29.25 ln
32.91 dh
35.01 ab
32.10 ej
28.85 mo
31.10 ık
27.25 o
34.98 ab
29.33 ln
32.22 ej
34.54 ad
33.01 ch
32.46 eı
29.33 ln
31.42 hk
27.71 no
29.17 ln
30.68 jl
31.49 gk
34.67 ac
33.58 ae
33.17 cg
31.71
4.88
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There were statistically differences among the
ADL contents of alfalfa genotypes (Table 5). ADL
content ranged from 8.53 from 6.98% in 2015 and
8.69 to 7.25% in 2017. There were no significant
differences between alfalfa genotypes in 2016.
Shewmaker et al. [20] stated that the ADL content
is higher than 6.5-8.4%, which directly affects the
quality of the alfalfa and higher temperatures during
the growing season tend to increase ADL. Many
studies have been completed on ADL contents of
alfalfa were determined as 7.4% by Malushi et al.
[15], 4.0-5.0% by Sulc et al. [16], 7.1-7.8% by Yari
et al. [21], 6.21% by Boziskovic et al. [22], 4.627.32%, by Kertikova et al. [23], and 7.36% by Dale
et al. [24]. ADL contents of alfalfa genotypes belonging to our findings are within reasonable limits.
ADF contents of alfalfa genotypes ranged
from 34.36 to 24.52% in the first year, 35.83 to
27.74% in the second year and 36.73 to 29.12% in
the third year. Three-year average ADF contents of
alfalfa genotypes, while Demre-1 (27.25%) genotype had lower ADF contents Alanya-2 (35.17%)
genotype higher ADF content (Table 5).

NDF contents of alfalfa genotypes ranged
from 45.63 to 37.26% in the first year, 46.88 to
37.17% in the second year and 47.11 to 40.22% in
the third year. Three-year average NDF contents of
alfalfa genotypes, while Gazipasa-2, Alanya-1,
Alanya-2, Kemer-1, Kemer-2, Demre-2, Elmali,
Calpinar, Sobucimen genotypes had higher NDF
contents (between 45.81 to 44.81%), Kas-1
(38.86%) genotype lower NDF content (Table 5).
The NDF values of alfalfa genotypes tested in the
experiment were coherent with the findings of other
researchers [25, 26, 24].
NDF and ADF are important since correlate
with digestibility and intake. NDF values from a
sample are always higher than ADF values because
the ADF fraction is also insoluble in neutral detergent [27]. Many results have been reported on alfalfa fiber content was affected by different harvesting
times (Jung and Lamb, [28]; Lamb et al. [29]), on
maturation stage (Lamb et al. [30]) on locations
(Julier and Huyghe, [31]), on different ecological
regions and varieties (Malushi et al. [15]; Yuksel et
al. [11]; Ahmad et al. [32]; Min, [33]) and

$
-<;9)3,-;-9/-5;.1*-9)5,9-3);1=-.--,=)3<-:"&6.)3.)3.)/-56;?7-:
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Gazipasa-1
Gazipasa-2
Alanya-1
Alanya-2
Manavgat-1
Manavgat-2
Serik-1
Serik-2
Aksu-1
Aksu-2
Kepez-1
Kepez-2
Doseemealti-1
Dosemealti-2
Konyaalti-1
Konyalalti-2
Kemer-1
Kemer-2
Kumluca-2
Finike-1
Finike-2
Demre-1
Demre-2
Kas-1
Korkuteli
Elmalı
Buyukkoy
Calpınar
Datkoy
Garipcce
Dagbeli
Akcay
Dudenkoy
Tasagıl
Sobucimen
Gombe
Cavdır
Mean
CV (%)


37.96 km
45.26 a
43.18 af
44.58 ac
42.36 bg
40.68 fj
41.66 dh
40.93 fj
42.18 ch
40.86 fj
42.11 ch
41.27 eı
42.15 ch
41.63 dh
39.85 gl
39.63 hm
43.21 af
45.63 a
41.29 eı
37.89 km
37.26 m
37.58 lm
44.85 ab
37.94 km
40.25 gk
44.15 ad
42.25 ch
42.29 cg
39.75 gm
38.75 ım
38.53 jm
37.91 km
39.96 gl
40.88 fj
43.58 ae
43.75 ae
44.11 ad
41.30 C
3.19




39.77 lo
41.52 oq
44.81 af
46.96 ab
45.75 ad
47.11 a
45.62 ae
46.73 ad
43.12 bk
44.56 ej
42.17 fl
44.88 bı
42.43 el
44.81 cı
43.56 bı
43.94 hn
42.58 dl
45.17 ah
43.24 bj
44.41 fl
41.70 fm
42.88 ıo
43.75 ah
44.72 dj
41.72 fm
42.73 jo
41.54 fn
42.51 lp
40.38 ıo
41.79 oq
39.85 ko
41.27 oq
46.04 ac
46.57 ad
44.76 af
46.72 ad
41.66 fn
42.66 ko
38.24 o
40.77 pq
38.55 mo
40.86 oq
39.66 lo
41.14 oq
45.53 ae
47.04 a
38.43 no
40.22 q
41.23 go
42.28 mq
44.25 ag
46.89 ac
42.85 cl
45.05 bh
42.73 dl
45.29 ah
41.12 go
42.44 mp
40.66 ho
42.11 nq
40.79 ho
42.03 nq
38.17 o
40.53 pq
40.17 jo
41.96 nq
43.33 bj
44.17 gm
46.88 a
46.93 ab
46.17 ab
46.31 af
44.12 ag
46.19 ag
42.36 B
43.90 A
3.91
2.46

4-)5
39.75 jm
45.68 a
45.35 a
45.64 a
43.35 c
42.58 ce
42.97 cd
42.81 cd
43.31 c
42.84 cd
42.23 cf
43.25 cd
42.20 cf
41.89 dg
40.67 gk
40.25 ıl
45.27 a
45.70 a
41.87 dh
38.97 lm
38.89 lm
39.46 km
45.81 a
38.86 m
41.25 eı
45.10 a
43.38 c
43.44 bc
41.10 fj
40.51 hk
40.45 ık
38.87 m
40.70 gk
42.79 cd
45.80 a
45.41 a
44.81 ab
42.52
3..12


169.87 ab
128.82 pq
139.09 jo
129.63 oq
139.53 jo
149.46 ej
145.63 gl
149.57 eı
142.00 ın
149.87 eı
143.60 ım
147.44 fk
142.39 ım
145.48 gl
160.43 bd
158.12 ce
138.47 kp
127.07 q
146.84 fk
165.07 ac
170.47 a
172.76 a
131.89 nq
165.44 ac
154.25 dg
134.01 mq
140.42 ın
143.81 hm
156.80 cf
160.02 bd
166.23 ac
164.28 ac
153.94 dh
148.52 ek
135.63 lq
136.29 lq
135.01 mq
148.33 A
3.59

"&


156.92 ac
146.01 ad
128.37 lp
119.55 l
127.90 lp
120.89 l
126.71 np
120.01 l
132.96 ıp
126.60 ık
141.03 fk
131.43 gk
139.58 gm
130.93 gk
137.65 hn
134.69 fj
137.65 hn
128.17 hl
140.11 gl
134.37 fj
141.93 dk
136.40 dı
136.26 ho
131.79 gk
148.76 bh
141.74 af
142.42 dı
137.33 ch
155.45 ac
145.60 ae
153.93 ad
146.70 ac
127.16 mp
125.00 jl
129.46 kp
120.22 l
141.50 ek
137.88 ch
161.18 a
150.32 a
152.67 af
142.46 af
157.22 ac
149.79 a
124.68 op
119.47 l
160.14 ab
149.53 ab
142.18 dj
135.81 eı
129.72 jp
120.53 l
137.36 hn
129.22 hl
138.27 gn
127.94 hl
150.43 ag
141.80 af
145.20 cı
139.79 bg
153.45 ae
145.75 ae
162.33 a
149.56 ab
150.55 ag
141.90 af
138.27 gn
133.79 fj
122.38 p
120.35 l
127.41 mp
122.63 kl
133.34 ıp
125.01 jl
141.42 B
134.12 C
4.51
3.82

Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.
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4-)5
157.60 ac
125.58 pk
129.29 oq
125.45 pk
133.03 lo
140.64 gk
138.71 gk
140.64 gk
135.94 jm
141.45 gj
140.64 gk
138.50 hl
144.28 fg
141.74 gı
153.82 be
152.88 ce
130.21 nq
125.58 pk
142.07 gı
158.86 ab
155.20 ad
159.93 a
125.43 q
158.37 ac
144.08 fh
128.09 oq
135.67 kn
136.67 ım
149.69 df
148.34 ef
155.14 ad
158.72 ab
148.79 ef
140.19 gk
126.12 pk
128.78 oq
131.12 no
141.29
3.86
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genetic factors have also been implicated in alfalfa
fiber content (Katic et al. [34]).
In the first year of the study, alfalfa genotypes
were found in RFV range from 172.76 to 127.07, in
the second year range from 161.18 to 122.38 and in
the third year range from 150.32 to 119.55 (Table
6). RFV ranged from 120 to 180 at quality alfalfa
herbage. RFV was determined by evaluating ADF
and NDF rates together. Therefore, the ADF and
NDF ratios must be low for the RFV to be high.
Saruhan and Demirel [35] were found RFV as
158.71. This value is similar to our study. Putman
[36] stated that if the RFV greater than 180, it is
supreme, if it between 150-180, it is premium, if it
is between 125-150, it is good, if it between 100125, it is fair and if it is lower than 100, it is utility.
In our study, all genotypes were in good group in
terms of quality.
As a result of research, eight alfalfa (Gazipasa1, Konyaalti-1, Konyaalti-2, Finike-1, Finike-1,
Demre-1, Kas-1 and Akcay) genotypes were determined and selected for alfalfa breeding program,
reason for their superior yield and quality characteristic.
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due to the limited resources of water, nutrients, imSURSHU WLOODJH WHFKQLTXH¶V especially in arid and
semi-arid zones[1-4], it is one of considerable substance for countries like Pakistan, where shortage of
existing food supplies because of rapid increase in
population. Percentage yield of the total cropped
area is 4.8 and 3.5 of the value of agricultural output.
Khyber Pakhtunkhwa (KPK) and Punjab is the main
contributor to maize production consisting of 57 %
of the total area and 68 % of total production [5]. In
an arid region with excessive water and nutrient resources, efficiencies of maize are often low because
of suboptimal tillage management [6-8], which results in a maximum tillage loss [9-11]. The arid region has insufficient limited water resources and displacement of the soil particles by wind and water. In
order to control the erosion at very large scale and to
ensure the food security, conservation tillage has
adopted, to conserve the soil and water resources and
enhance the crop productivity. However, conservation tillage has proved that soil organic matter and
soil bulk density and controlled erosion were improved on a large scale [12±16].
The combination of straw incorporation and
tillage technique is one of the richest methods to prevent soil erosion and improve soil organic matter and
nutrients, which is considered as most valuable natural organic fertilizer for enhancing the productivity
[17±23]. Addition of crop residues into the soil is
improved the cumulative stability and physical properties of soil and enhance the crop production [22±
26]. Chen et al. [14] revealed that the conservation
tillage system provided the favourable condition for
growing crop and improved the soil water content,
soil organic content and soil bulk density. But still,
limited research has been done as required on physiochemical properties of soil at different depths and
growth of maize crop under straw incorporation, particularly in the clay soil class in the arid region of
Pakistan.
Thus the aim of this study was to evaluate the
effect of straw incorporation rates (02 t.ha-1 and 04

ABSTRACT
The dryland region of the loss of stability is
subject to developing strategies for sustainable crop
production by the variation of field executive affecting soil properties and crop production. In this study,
a field experiment was carried out and the effect of
straw incorporation rates by different tillage implement combinations (T1= Reduced tillage at 10 cm +
wheat straw incorporation rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm + straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at depth 20
cm + wheat straw incorporation rate 04 t.ha-1 and
T4= Conventional tillage at depth 20 + wheat straw
rate 04 t.ha-1) were evaluate the pre and post harvesting physic-chemical properties, plant traits and
maize yield. The results revealed that the EC and pH
of soil significant decreased significantly (P<0.05)
towards all treatments after the harvesting crop at
depths 0-45 cm. Moreover, average organic matter
and bulk density were highest improved significant
towards T3 and T4 at depth 0-15 cm, while lowest at
15-30 and 30-45 cm respectively. Plant height, thousand grains weight, and crop yield was increased significantly in T3 treatment as compared to T1, T2, and
T4 treatments. It is concluded that (T3) Reduced tillage at depth 20 cm + wheat straw incorporation rate
04 t.ha-1 to soil for the sustainability of the soil fertility, physico-chemical properties plant traits and
maize yield under the combinations of tillage practices.

KEYWORDS:
Reduced and tillage practices, Straw rates, Physical and
chemical properties of soil, Maize Plant trait

INTRODUCTION
Maize is third most important cereal crop in the
world but their production significantly inadequate
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t.ha-1) and tillage practices depths (10 and 20 cm) on
physiochemical properties of soil at various depths
(0-45) cm and maize crop traits.

MATERIALS AND METHODS
Experimental site. The present research was
conducted at Agricultural Farm of Rais Shaman Ali
Shaikh (25°25'60N 68°31'60E) during the year of
2016-17 near the Tandojam, Sindh, Pakistan. The research site was located in the subtropical region under the typical subtropical monsoon climate. The annual mean temperature 34.47 °C (94.03 °F), the annual average rainfall 177.9 mm (7.005 inches), the
sunshine time 3328.7 hours and relative air humidity
56% were noted during the month. The soil texture
was silty clay loam at a depth (0-15 and 15-30 cm)
and clay at a depth of (30-45 cm) in all treatments.
The cropping system under study was a maize-wheat
rotation. Fertilizer, the recommended dose of nitrogen for maize was applied in the form of urea (46%
N) in three splits i.e. 1st at the time of seed bed preparation, 2nd at first irrigation and 3rd at second irrigation. Phosphorus in the form of single superphosphate (18% P2O5) and potassium from sulphate of
potash (50% K2O) was applied once at the time of
seed bed preparation.

FIGURE 1
Experimental layout and field prepared by
treatments for plantation
Soil sampling and analysis. Soil samples (pre
tillage and post-harvesting crop) were taken from
each plot randomly at 0-15, 15-30 and 30-45 cm
depths respectively. The soil samples were sealed in
polythene bags then taken to the laboratory (chemical laboratory, ARI, Tandojam) for the analysis. The
pH, EC (Electrical conductivity), SOM (Soil organic
matter), SBD (Soil bulk density), samples were analyzed by method recommended by Lu [27].

TABLE 1
Soil texture prior to experimentation
Treatments
T1
T2
T3
T4

0-15 cm
Silty Clay
Loam
Silty Clay
Loam
Silty Clay
Loam
Silty Clay
Loam

Texture
Depth
15-30 cm
Silty Clay
Loam
Silty Clay
Loam
Silty Clay
Loam
Silty Clay
Loam

30-45 cm
Silty Clay
Loam
Clay

Grain yield per hectare (tons/ha). The plants
were randomly selected from each plot for total grain
yield and carefully harvested for full yield recovery.
The total plant yield was computed in tons per hectare based on the plant population (plants / hectare).
The following relationship was used Agba et al. [27].

Clay
Clay

Experimental Design. The experiment was designed on a randomized complete block design
(RCBD), four treatments were T1= Reduced tillage
at 10 cm + wheat straw incorporation rate 02 t.ha -1,
T2 = Conventional tillage at depth 10 cm + straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at
depth 20 cm + wheat straw incorporation rate 04 t.ha1
and T4= Conventional tillage at depth 20 + wheat
straw rate 04 t.ha-1 with three replications. The experimental area was 30 x 15 m (450 m2), and the
subplots size was 7 x 4 (28 m2) and total Plots were
12. Soil surface was cleaned properly and cleared
from crop residues prior to plowing. The manual
hand drew drill machine was used to sow the seeds
of maize at 60 cm row to row and 30 cm plant to
plant distance, respectively.

GY = Yp x P
Where,
GY = Grain yield per hectare (ton/ha)
Yp = Average grain yield per plant (tons)
P = Plant population per hectare
Statistical analysis. The data are presented
changes in pre and post given as means ± SD. The
difference between straw incorporated treatments
was tested using one-way analysis of variance. Level
of significant difference was set at P < 0.05. Statistical analysis was performed using the I B M Statistical Package for Social Scientists (SPSS 20.0).
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RESULTS AND DISCUSSION

with other treatments. However, EC of soil was significantly affected by tillage practices with straw incorporation with different rates of straw. Moreover,
smaller EC of soil were observed towards T3 at 3045 cm post treatments, while higher towards 0-10
cm. Statistical results showed that the electrical conductivity was significantly (P<0.05) decreased in T3
treatment as compared to pre-treatment also other
treatments. Chaudhry et al. (2004) evaluated that the
electrical conductivity of soil may be decreased to
53% by using straw mulching as compared to without straw incorporation treatments [28]. EC of soil
surface layer (0-5 cm) was most affected by mulch
[29].

Soil EC pre and post. Pre and post (after harvesting crop) treatment effects of reduced and conventional tillage practices and straw rates incorporation on EC of soil at depths 0-45 cm is shown in Figure 2. The EC of soil pre-treatments was (0.50, 0.49
and 0.38 ds m-1) at three depths. However, post treatments; it was significant (p<0.05) decreased (0.480.37, 0.47-0.36, 0.40-0.33 and 0.42-0.39) in depths
towards T1, T2, T3 and T4, respectively.
Furthermore, maximum EC of soil was obtained towards T1, while minimum towards T3 as compared

FIGURE 2
Depth-wise (a = 0-20 b = 0-20 c = 0-30 and d = 0-30 ) distribution of mean soil electrical conductivity
pre and post under each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm + straw
incorporation rate 02 t.ha-1, T3 = Reduced tillage at depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and T4= Conventional tillage at depth 20 + wheat straw rate 04 t.ha-1 and three replications. Different letters denoted significant differences
between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean value.

FIGURE 3
Depth-wise (a = 0-20 b = 0-20 c = 0-30 and d = 0-30 ) distribution of mean soil pH pre and post under
each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm + straw
incorporation rate 02 t.ha-1, T3 = Reduced tillage at depth 20 cm + wheat straw incorporation rate 04 t.ha -1 and T4= Conventional tillage at depth 20 + wheat straw rate 04 t.ha-1 with three replications. Different letters denoted significant differences
between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean value.
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Soil pH pre and post. Pre and post (after harvesting crop) treatments effect of reduced and conventional tillage practices and straw rates incorporation on pH of soil at depths 0-45 cm is shown in Figure 3. The pH of soil pre-treatments was (8.2, 7.95
and 7.9) at depths. However, post treatments, it was
significant (p<0.05) reduced in the treatments T1
(7.91, 7.85 and 7.78), T2 (7.96, 7.90 and 7.88), T3
(8.10, 7.87 and 7.96) and T4 (7.95, 7.9 and 7.93) at
depths. Results showed that highest pH was observed towards T3, while lowest pH towards T2 as
compared with other treatments. Moreover, smallest
pH of soil was observed towards T3 at 30-45 cm post
treatments, while higher towards 0-10 cm. Another
factor is the application of lime and fertilizers adding
nutrients and affecting the pH to the surface of the
soil [30]. Moreover, pH of soil was reduced with the
incorporation of crop residue into the soil [31].

significant change under T1, and T2 had a minor effect. Statistical results showed that the organic matter was significantly (P<0.05) improved in all treatments as compared to pre-treatment. Reduced tillage
can be used for the improvement of the organic matter, which decomposed the organic matter into soil
slowly [32±35]. Incorporation of crop residue accomplished by reducing tillage intensity and increased the soil organic matter [36, 37].
Soil bulk density pre and post. Pre and post
(after harvesting crop) treatments effect of reduced
and conventional tillage practices with straw rates incorporation on soil bulk density at depths is shown
in Figure 5. The bulk density of soil pre-treatment
was (1.41, 1.45 and 1.46 g cm-3) at depths. However,
bulk density was ranged from 1.33-1.42, 1.38-1.44,
1.31-1.42 and 1.35-1.41 at depths. Highest bulk density was obtained in T2 at 0-15 cm depth while lowest in T3 at 0-15 cm depth as compared with other
treatments. Highest bulk density was obtained towards T2, while lowest bulk density was observed
towards T3. The maximum bulk density of soil significantly (P<0.05) decreased under T3 as compared
to other treatments at all depths. Soil bulk density
had improved by incorporating straw with the combination of fertilizer and tillage practices [38]. Moreover, bulk density may be decreased by using deep
tillage practices and hard layer breakage [39]. No
Tillage produced observed higher bulk density compared with Moldboard Plow in two crop rotation systems [40].

Organic matter of soil pre and post. Pre and
post (after harvesting crop) treatments effect of reduced, conventional tillage practices and straw rates
incorporation on organic matter of soil at depths 045 cm is shown in Figure 4. The organic matter of
soil pre-treatments was (0.55, 0.53 and 0.48 %) at the
depths. Organic matter of soil significant (P<0.05)
increased from 0.52-0.66, 0.51-0.59, 0.59-0.78, and
0.58-0.68 at depths for T1, T2, T3 and T4, respectively. Furthermore, organic matter highest increased
towards T3 at 0-15 cm, while lowest towards at T2
at 30-45 cm depth. Organic matter of soil was increased from 0.45-0.66% and 0.53-0.64% under T3
and T4, respectively. Similarly, there was not

FIGURE 4
Depth-wise (a = 0-20 b = 0-20 c = 0-30 and d = 0-30 ) distribution of mean soil organic matter % pre
and post under each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm + straw
incorporation rate 02 t.ha-1, T3 = Reduced tillage at depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and T4= Conventional tillage at depth 20 + wheat straw rate 04 t.ha-1 with three replications. Different letters denoted significant differences
between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean value.
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FIGURE 5
Depth-wise (a = 0-20 b = 0-20 c = 0-30 and d = 0-30 ) distribution of mean soil Bulk density pre and post
under each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm + straw
incorporation rate 02 t.ha-1, T3 = Reduced tillage at depth 20 cm + wheat straw incorporation rate 04 t.ha -1 and T4= Conventional tillage at depth 20 + wheat straw rate 04 t.ha-1 with three replications. Different letters denoted significant differences
between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean value.

the smallest (82.14 cm) plant observed in T2. A
significant difference was observed in plant height
when wheat straw mulch was applied with conventional tillage practices as compared with other treatments. Plant height and grain production of maize
crops had highest observed by incorporation of straw
with a combination of tillage [41].

FIGURE 6
Depth-wise distribution of mean plant height under each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation
rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm +
straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at
depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and
T4= Conventional tillage at depth 20 + wheat straw rate 04
t.ha-1 with three replications. Different letters denoted significant differences between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean
value.

FIGURE 7
Depth-wise distribution of mean maize grain per
cob each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation
rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm +
straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at
depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and
T4= Conventional tillage at depth 20 + wheat straw rate 04
t.ha-1 with three replications. Different letters denoted significant differences between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean
value.

Crop traits. Plant height. Results of plant
height after the harvesting crop under treatments are
shown in Figure 6. The maximum height of plant
(102.13 cm) was observed towards T3, while the
minimum (82.15 cm) was observed towards T2.
However, a treatment T1 and T4 was observed as
100.38 and 89.20 cm respectively. Plant height is basically a genetic character which is modified by factors like availability of moisture and nutrients at active growth stages. Results regarding to plant height
at harvest as influenced by tillage practices and
mulch application showed that plant height was affected significantly (P<0.05). Data exhibited that the
tallest (102.126 cm) plants were observed T3 while

Grains per cob. Results of grains per cob after
the harvesting under treatments are shown in Figure
7. The maximum number of grains (401.23) was observed towards T3, while the minimum (350.17)
were observed towards T4. However, treatments T1
and T2 were observed as 370.65 and 365.16
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in Figure 9. The maximum yield (8.06 ton ha-1) was
obtained towards T3, while minimum (5.22 ton ha-1)
was obtained towards T2. The highest yield was recorded by higher straw rate incorporation with conventional tillage because better water application and
nutrients in the field (1000 grain weight and a
number of grains per cob) may effect in grain yield.
The yield was also usually lower compared to T1, T2
and T4. Incorporation of crop residues improved in
maize yield [45]. Maize production / yield can be significantly increased by application of mulching on
soil [46]. Previous studied suggested that incorporation of crop residues with reduced tillage practice affected by soil and increased the productivity of
grains [47].

respectively. The results showed that the conventional tillage with straw incorporation at 20 cm into
soil significantly affected the grains cob-1. The highest grains cob-1 (504.6) were observed under T3,
while lowest (396.7) towards T2. The interactive effects of tillage and mulch on grains cob-1 were found
non-significant (P<0.05). Grains cob-1 can be increased due to proper tillage and mulching practices
[42]. Suitable soil tilth, moisture conservation, root
growth, nutrients can enhance grains cob-1 with the
uses of proper conservation tillage practices [43].

FIGURE 8
Depth-wise distribution of mean thousand
grains weights each treatment
T1= Reduced tillage at 10 cm + wheat straw incorporation
rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm +
straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at
depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and
T4= Conventional tillage at depth 20 + wheat straw rate 04
t.ha-1 with three replications. Different letters denoted significant differences between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean
value.

FIGURE 9
Depth-wise distribution of mean total grain yield
(ton ha-1) each treatment.
T1= Reduced tillage at 10 cm + wheat straw incorporation
rate 02 t.ha-1, T2 = Conventional tillage at depth 10 cm +
straw incorporation rate 02 t.ha-1, T3 = Reduced tillage at
depth 20 cm + wheat straw incorporation rate 04 t.ha-1 and
T4= Conventional tillage at depth 20 + wheat straw rate 04
t.ha-1 with three replications. Different letters denoted significant differences between treatments at P < 0.05 and error bars indicate the standard deviation (SD) of the mean
value.

Weight of thousand grains. Results of thousand grains weight cob after the harvesting under
treatments are shown in Figure 8. The maximum
weight of grains (302.53 g) was observed towards
T3, while the minimum (258.33 g) towards T2.
However, T1 and T4 was observed as 289.67 and
284.20 g respectively. Thousand grain weight of a
crop that has a vital role in the ultimate final grain
yield. The results indicated that highest weight of
thousand grains was observed towardsT3 while lowest under T2. The combined effect of tillage and
mulching on thousand grain weight were found nonsignificant. The conventional treatment with mulching provides a favorable environment for plant
growth, better root development, and plant populations, which gave better results as compared to nomulch. Conventional tillage practices increased the
thousand grain weight as compared to shallow tillage
in maize plant [44].

CONCLUSIONS
Electrical Conductivity (EC) of soil was highly
decreased under T3 (Reduced tillage at depth 20 cm
+ wheat straw incorporation rate 04 t.ha-1) than T1,
T2, and T4. Organic matter percentage of soil was
increased under T3 towards T1, T2, and T4. The soil
bulk density was improved under all the treatments,
but the maximum was observed under T3. The height
of plant was influenced by straw incorporation and
deep tillage practices, the tallest plants were observed under T3 than the T1, T2 and T4. The weight
of thousand grains was enhanced under T3.
However, the grain yield was higher in T3 treatment.
Present research indicated that sufficiently deeper
plowing with the incorporation of straw (04 t.ha-1) at
20 cm depth would be more effective in improving
the physiochemical properties of soil and yields than
shallow plowing. In light of the results, it can be suggested that reduced tillage at depth 20 cm + wheat
straw incorporation rate 04 t.ha-1 was the best treatment in all the parameters of the crop. It can prove

Total grain yield. The enhancement of the soil
environment under reduced and conventional tillage
practices with straw rates incorporation re appropriate in significant higher grain yields with higher
straw rate compared with the corresponding lower
straw rate of incorporations. Total grain yield after
the harvesting of the crop under treatments is shown
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[17] Duiker, S., Lal, R. (1999) Crop residue and tillage effects on carbon sequestration in a Luvisol
in central Ohio. Soil and Tillage Research. 52,
73±81.
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fertilizer and wheat straw to soil on crop yield
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Study on balance of phosphorus and potassium
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helpful in increasing the soil fertility and crop
productivity. This treatment would reduce the
IDUPHU¶V LQLWLDO FRVW RI SURGXFWLRQ DQG DOVR KHOS WR
sustain the soil ecosystem.
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In this study, carbon pools and some soil quality parameters were compared to organic and conventional agriculture lands in Adiyaman. In this context, soil samples were taken from the surface soils
(at 0-20 cm depth) and analyzed in areas in the process of transitioning to organic agriculture and conventional agricultural land for 5 to 10 years. According to analysis results, soil quality parameters of the
land in organic agriculture for 10 years were determined to be better than the quality parameters of
other soils. Mean carbon pools of the soils taken
from the conventional agriculture land (AkpinarGozebasi villages) varied between 1.85 and 1.92 kg
C m-2, and mean C:N ratios varied between ~8:1 and
~9:1, and similar results were obtained. Mean carbon
pools of the land practice in organic agriculture soils
(Güzelsu-Gözebaşı villages) varied between 1.76
and 2.97 kg C m-2, and average C:N ratio was determined to be 11:1. C:N ratios as one of the soil quality
parameters were optimally determined in organic agriculture soils. In conventional agriculture land, the
C:N ratio was determined to be at a low ratio, and
the reason for this was considered to administer
chemical over-fertilization application, stubble burning, collect stubble for animal feed and energy and
over-cultivate. All the data analysis was performed
using SPSS 24.0 for Windows software. In the statistical analysis, there was no positive significant
correlation between the other parameters except
known as soil quality parameters bulk density and
organic carbon in organic and conventional agriculture lands (P=0.029<0.05). At the end of this study
an idea emerged to add organic residues for health
and quality, and sustainability of soils.
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All living beings in nature need energy for
maintaining their lives and activities. Living things
have a need to provide the energy they require. It was
possible for this need to be met through hunting in
the early ages [1]. This has continued until humankind’s transition to vegetative production [2]. In vegetative production, seed, seedlings and such inputs
are provided by nature, and then irrigation and animal manure began to be administered. Ecological destruction began due to these agricultural activities [34].
Physical, chemical, mineralogical, and micro
morphological analysis were performed in the soil
samples taken from 7 different points in 2-8% steepterrain used as the application area by AdiyamanKahta Vocational School. Sustainable agricultural
techniques administered avoiding from intensive agriculture due to the increase of organic matter. The
slopes positively affected the product quality of terrains directly or indirectly. The priority in sloping
semi-dry regions were determined to be for improving soil quality instead of income [5].
Surface carbon amounts and some soil parameters of
the soils in Adiyaman were compared in growing
habitats of medicinal and aromatic plants, the importance and spreading of which have increased day
by day in Turkey. In this study, the soils were determined to have no drainage problem, consisted of
clay and loamy structure, low alkali pH, found to be
salt-free, to have fairly low lime content, and to consist of a medium level of organic matter. In terms of
the nutrition elements, total nitrogen was determined
to be very low (0.07%), and phosphor and zinc were
also low. Potassium and iron were at a high, and copper and manganese contents were at an adequate. Organic carbon pools of the soils varied between 2.42
and 5.05 kg C m-2, and the mean was determined to
3.76 kg C m-2. Inorganic carbon pools varied between 2.75 and 5.36 kg C m-2, and the mean was
found to be 4.08 kg m-2. In this study, the highest
organic and inorganic carbon pools were determined
in land where the sage (      ) plant was
growing on the lands [6]. At the end of the study, the
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Organic agriculture, conventional agriculture, soil health,
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sage (      ) plant was found to add more
organic wastes into the soil.
In Turkey and throughout the world, there have
been no adequate studies carried out on the physical,
chemical, and biological properties of the soils organic agriculture. For that reason, such studies are
very important in terms of soil health and quality. In
this study, soil samples were taken from the surface
soils of conventional agricultural land and organic
agriculture land in Adiyaman. They were compared
according to the same physical and chemical properties. In this study, as well, the parameters of soils
were determined to be: carbon (C) %, nitrogen (N)
%, organic matter (OM) %, lime content %, electrical conductivity (EC), soil reactions (pH), texture
(clay%, silt%, sand%), cation exchange capacity
(CEC), soil organic carbon (SOC) and soil inorganic
carbon (SIC) pools.



above 1500 mm. August is the driest month of the
year, while December is the most snowy month. The
highest temperature of the year is usually in July
with 37.8oC, while the lowest temperature is typically in January with 4.5°C [8]. According to Soil
Taxonomy [9], soil moisture regime of the study area
is classified as Xeric, and soil temperature regime is
classified as Mesic [10].
The samples were taken from three different areas in Adiyaman such as organic agriculture, the process of transition to organic agriculture, and conventional agricultural lands. The soil samples were taken
from Akpinar and Gözebaşi villages defined as conventional agriculture land, Kizılcapinar and Gözebaşi villages where organic agriculture was made actively and Güzelsu village which is in the process of
transition to organic agriculture. The samples were
taken randomly at 0-20 cm depth. Gathered soil samples were dried in the air, and then passed through a
2 mm sieve. In this study, bulk density of the soil
samples was calculated from the equation below (Eq.
1) that was created by [11]. Surface organic carbon
pools of the soils were calculated according to Equation 2, and carbon stocks were calculated according
to Equation 3.
BD=19.167-SOM/11.7
(1)
SOCd=BDi*SOCi*Di
(2)
SOCs=SOCd*A
(3)
Defined as: BD, bulk density (g cm-3); SOM,
soil organic matter (%); SOCd, soil organic carbon
concentration density (kg m-2); SOC, soil organic
carbon (%); Di, depth (cm); SOCs, soil organic carbon stocks (Tg); A, area (m2).
The other analyses were performed according
to the methods of texture [12], cation exchange capacity [13], soil reaction [14], electrical conductivity
[14], organic matter [15], and total N [16].

%#$% $
The study area is approximately 25-35 km
away from the provincial center of Adiyaman, on the
northeast of the province, and is located between 37°
40' 00"-37° 56' 00" N latitude and 37° 40' 00"-38°
59' 00" E longitude. The province of Adiyaman has
720 788.36 ha area, which are cultivated on 241 050
ha of the total area [7]. The elevation from sea level
in terms of the study area varies between 603 and
832 m (Figure 1). In terms of the climate of Adiyaman, the province is hot and dry in summer and
cold and snowy in winter. The mean annual temperature in Adiyaman is 17oC. According to KöppenGeiger climate classification, the province can be
categorized as Csa. Annual mean precipitation is
709.6 mm, and free water surface evaporation is
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Nitrogen (%)
Soil Organic Carbon (%)
Calcareous content (%)
Electrical Conductivity (µS cm-1)
Soil Reaction (pH)
Soil Texture Class (%)
Clay
Silt
Sand
Cation Exchangeable Capacity (CEC) (cmol kg-1)
Bulk Density (Mg m-3)
Carbon / Nitrogen ratio (C:N)
Soil Organic Carbon Pool (SOC) (kg m-2)
Soil Inorganic Carbon Pool (SIC) (kg m-2)

/+7

$<./>3+<387

'

0.07
0.67
1.39
5.70
7.80

+?3
6=6
0.09
0.88
4.27
107.70
8.50

0.085
0.761
2.600
76.760
8.120

0.00640
0.06170
0.96077
22.56374
0.24260

6.52
8.17
36.89
20.40
2.99

14.14
22.22
47.47
32.02
1.17
7.27
1.66
0.39

22.22
36.36
57.58
38.77
1.32
9.84
2.27
1.34

18.4493
28.0107
53.5373
34.9347
1.2587
8.7827
1.9167
0.7920

2.27343
3.31627
3.33187
2.30501
0.04138
0.68009
0.17078
0.30569

12.32
11.84
6.22
5.92
3.32
7.74
8.91
38.60

3736=6


% 
$86/9:89/:<3/;803A35-+937+:>355+1/8:1+73-;835; @/+:8:1+73-+1:3-=5<=:/
$8359+:+6/</:;
Nitrogen (%)
Soil Organic Carbon (%)
Calcareous content (%)
Electrical Conductivity (µS cm-1)
Soil Reaction (pH)
Soil Texture Class (%)
Clay
Silt
Sand
Cation Exchangeable Capacity (CEC) (cmol kg-1)
Bulk Density (Mg m-3)
Carbon / Nitrogen ratio (C:N)
Soil Organic Carbon Pool (SOC) (kg m-2)
Soil Inorganic Carbon Pool (SIC) (kg m-2)

3736=6 +?36=6
/+7
0.07
0.10
0.0833
0.79
1.08
0.9460
1.11
12.45
3.8893
75.70
364.00
106.0533
7.70
8.00
7.8867
12.12
22.22
29.29
31.18
1.21
10.00
2.07
0.33

36.36
52.53
55.56
40.13
1.31
12.83
2.64
3.75

19.5267
37.4380
43.0273
36.5647
1.2507
11.3740
2.3633
1.1667

$<./>3+<387
0.01113
0.08210
2.87367
71.66921
0.11872

'
13.0
8.72
7.87
6.58
1.5

5.64500
6.82473
6.57915
3.05769
0.03150
1.10536
0.17430
0.86325

8.91
8.23
15.29
8.37
2.41
9.72
7.38
7.99

was arid and semi arid, there was low annual biomass amount, low carbon intake in the soil, high oxidation rate, low carbon, nitrogen, C:N ratio and
SOC pools. Because the soil was determined to have
a clayed-loamy texture and low carbon content, bulk
density were found to be slightly high.
The analysis results of the soil samples were
given in Table 2 in organic agriculture land Kizilcapinar village of Adiyaman. According to this,
mean N, SOC, and calcareous were determined to be
0.083%, 0.95% and 3.89%, respectively. SOC, SIC
pools, and C:N rate of the soils were measured to be
2.36 kg C m-2, 1.17 kg C m-2 and 11.4:1, respectively. The soils in the study area were specified to
have low alkali, low calcareous content, non saline
soils, and low OC and N contents. Dryness of the
sampling land was the biggest problem. Collecting
the plant biomass for the need of fuel, using it as animal feed, and burning were considered to cause low
carbon intake into the soil. C:N rate, and C and OM
contents were determined to be low, depending on
these factors. Kizilcapinar village were determined
to be better when comparing the properties of the

All the data analysis was performed using
SPSS 24.0 Windows software for comparing the relationship between some physic-chemical properties
of soil samples and some beneficial nutritional elements.


#$&%$

Some psycho-chemical properties of the soil
samples were given in Table 1, the conventional agricultural land in the Akpinar village which is connected to the Adiyaman center. According to the
analysis results, mean N content of the soils was
0.85%, mean SOC content was 0.761%, mean calcareous content was 2.6%, and N, SOC and calcareous content were determined to be low. In soil samples, mean SOC pool was calculated to be 1.92 kg C
m-2, SIC pool was 0.79 kg C m-2, C:N ratio was 8.8:1,
and bulk density was calculated to be 1.26 Mg m-3.
Soil samples were low alkali, had low electrical conductivity (salt-free), had a clayed-loamy texture, and
high cation exchange capacity. Because the region
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Gozebasi village conventional agricultural land. According to the analysis results, mean N content of the
soil was 0.09%, SOC content was 0.73%, and calcareous content was determined to be 22.46%. In the
soil samples, mean SOC and SIC pool and C:N ratio
were 1.85 kg C m-2, 6.86 kg C m-2 and 8.26:1, respectively. It was considered that OC, OM, SOC, N
and C:N rates of the soil decreased because the area
was in an arid and semi-arid region, and conventional agriculture processes were administered for a
long time. In conventionally cultivated land, the nutrition elements that plants need were generally provided with chemical fertilizers instead of inorganic
elements released after the mineralization of organic
wastes. It was ignored to give organic waste into the
soil or burying the stubble into soil. In this study, the
soil samples were taken from two land conventional
agriculture process (Akpinar-Gozebasi). When the
soil samples of these two lands were compared, it
was evident that some soil parameters (C, N, C:N,
BD, etc.) were different from each other. Under normal conditions, it was necessary to obtain similar results in case any interventions were administered to
the soils.

land of organic agriculture and conventional agriculture.
Some chemical and physical properties of the
soils presented in Table 3 in the organic agriculture
in Gozebasi village of Adiyaman. According to the
results, mean N, SOC, and calcareous contents of the
soils were determined to be 0.11%, 1.20% and
22.03%, respectively. Mean SOC pool and SIC
pools of the soils ranged to 2.97 and 6.71 kg C m-2,
respectively. C:N rate was measured to be 11.18:1.
For nearly 10 years, organic agriculture has been
done, and OM, OC content, SOC pool and C:N rate
of the soils in the study area were found to be better
and higher rather than the values in the conventional
agriculture (Kizilcapinar) and organic agriculture
methods for 5 years. In the study area, soil and environment was revealed to be protected with organic
agriculture process. In these lands, carbon intake in
the soil was high because of plant biomass, stubble
and other organic wastes that were taken into the
soil.
Some properties of the soils were presented in
Table 4 of the samples taken from Adiyaman -

% 
$86/9:89/:<3/;808A/,+C3>355+1/8:1+73-;835; @/+:8:1+73-
$8359+:+6/</:;
Nitrogen (%)
Organic Carbon (%)
Calcareous content (%)
Electrical Conductivity (µS cm-1)
Soil Reaction (pH)
Soil Texture Class (%)
Clay
Silt
Sand
Cation Exchangeable Capacity (CEC) (cmol kg-1)
Bulk Density (Mg m-3)
Carbon / Nitrogen ratio (C:N)
Soil Organic Carbon Pool (SOC) (kg m-2)
Soil Inorganic Carbon Pool (SIC) (kg m-2)

3736=6
0.08
0.84
0.56
85.90
7.50

+?36=6
0.15
1.88
44.40
138.30
7.70

/+7
0.1067
1.2033
22.03
100.92
7.58

$<./>3+<387
0.023
0.34
15.83
15.09
0.07

'
21.81
28.41
7.84
14.95
0.88

12.12
30.30
12.12
27.65
1.16
10.19
2.19
0.16

20.20
38.38
20.20
39.20
1.32
12.51
4.39
13.64

16.60
34.34
16.60
36.48
1.24
11.18
2.97
6.71

2.99
3.03
2.99
3.59
0.06
0.80
0.74
4.95

18.02
8.82
18.02
9.85
4.46
7.16
24.91
7.68

% 
$86/9:89/:<3/;808A/,+;3>355+1/-87>/7<387+5+1:3-=5<=:/;835;
$8359+:+6/</:;
Nitrogen (%)
Soil Organic Carbon (%)
Calcareous content (%)
Electrical Conductivity (µS cm-1)
Soil Reaction (pH)
Soil Texture Class (%)
Clay
Silt
Sand
Cation Exchangeable Capacity (CEC) (cmol kg-1)
Bulk Density (Mg m-3)
Carbon / Nitrogen ratio (C:N)
Soil Organic Carbon Pool (SOC) (kg m-2)
Soil Inorganic Carbon Pool (SIC) (kg m-2)

3736=6 +?36=6 /+7
0.07
0.11
0.0900
0.66
0.84
0.7300
9.01
35.29
22.4550
70.50
85.90
77.4500
7.80
8.30
8.1375
14.14
34.34
14.14
31.43
1.18
6.88
1.67
2.83
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22.22
52.53
22.22
38.38
1.35
9.25
2.02
11.44

18.1800
43.6850
18.1800
34.7275
1.2675
8.2638
1.8500
6.8613

$<./>3+<387 '
0.01309
13.86
0.06481
8.76
7.70562
7.32
5.35110
6.91
0.17678
2.17
2.64480
6.74086
2.64480
2.61795
0.05312
0.94737
0.14383
2.55053

14.55
15.42
14.55
7.54
4.19
11.46
7.77
7.15
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% 
$86/9:89/:<3/;80=A/5;=>355+1/;835;37<:+7;3<3879:8-/;;<8<2/8:1+73-+1:3-=5<=:/
$8359+:+6/</:;
3736=6 +?36=6 /+7 $<./>3+<387 '
Nitrogen (%)
0.03
0.09
0.0660
0.01889
3.77
Soil Organic Carbon (%)
0.38
1.08
0.7340
0.21696
4.79
Calcareous content (%)
1.21
25.63
8.0800
8.39346
16.89
Electrical Conductivity (µS cm-1)
64.70
95.00
85.0300
9.79059
11.51
Soil Reaction (pH)
7.80
8.10
7.9400
0.08433
1.06
Soil Texture Class (%)
Clay
8.08
42.42
26.6640
11.84761
4.43
Silt
30.30
42.42
35.3500
4.06796
11.51
8.08
42.42
26.6640
11.84761
4.43
Sand
Cation Exchangeable Capacity (CEC) (cmol kg-1)
25.81
35.59
30.0880
3.04448
10.12
Bulk Density (Mg m-3)
1.23
1.40
1.3480
0.05224
3.88
Carbon / Nitrogen ratio (C:N)
8.57
13.07
11.2700
1.73956
15.44
Soil Organic Carbon Pool (SOC) (kg m-2)
1.04
2.65
1.6710
0.54460
3.59
0.40
8.61
2.6400
2.81612
16.25
Soil Inorganic Carbon Pool (SIC) (kg m-2)


Some physical and chemical properties of the
[19], CEC increased depending upon the increase at
soils were presented in Table 5 in the process of tranpH. In soils, 20-50% of CEC were caused by organic
sition to organic agriculture in Guzelsu village to the
matter. In a previous study, it was reported that CEC
province of Adiyaman. Mean N, SOC and calcaredecreased quickly as soil pH decreased [17]. In other
ous content of the soil samples were determined to
studies in the region, similar results were obtained
be 0.06%, 0.62% and 8.08%, respectively. Accord[20-21].
ing to the analysis results, SOC and SIC pools and
Electrical conductivity of the soils in the study
C:N rate of the study area soils were found to be 1.76
land was low, and the soils had no salinity problem
kg C m-2, 2.64 kg C m-2 and 11.27:1, respectively.
[22]. No statistically significant difference was
Soil properties of the land in the process of transition
found between EC values of the soils
to organic agriculture in Guzelsu village were ob(P=0.717>0.05). However, no statistically signifitained to be better rather than the soils of convencant difference was determined when EC values of
tional agriculture land. This showed that soils were
the soils organic agriculture methods and the soils in
protected better for transition to organic agriculture.
the process of transition to organic agriculture were
compared with the EC values of the soils conven
tional agriculture methods. CEC, clay content, non
$&$$ 
salinity, clay mineralogy, soil particle size and soil
humidity content of the soils affected EC [23]. In sa
line soils, majority of EC variables depended upon
Soil reaction is one of the most important
texture of the soil [24]. However, in non-salinity
chemical factors that affect the life present in the
soils, soil texture depended upon soil humidity consoil. It varies according to the climatic conditions,
tent and CEC [25]. EC values of the soils in organic
and gives its place to Al and K ions due to washing
agriculture methods increased as CEC increased, and
of basic cations (Ca, Mg, Na, K) in rainy regions.
this was expressed to be normal in arid and semi-arid
Dominance of these two ions in the soil causes the
alkalinity soils [17]. In several studies carried out
soil to have an acidic character. The soils become
previously in the region [26-20-5-6-27], the soils
basic-characterized because basic cations are domiwere reported to be non-salinity.
nant in the soils of the region’s inadequate precipitaOrganic carbon is considered one of the imtion [17]. Because the study area was arid and semiportant soil quality parameters [28]. The soils are imarid, soil reactions of the soils were classified into
portant and extensive of SOC pools in terrestrial ecothe slight alkali group apart from the Gözebaşı vilsystems [29]. The minor change in soil organic carlage soils (neutral) organic agriculture methods for
bon pools affects atmospheric carbon-dioxide (CO2)
10 years [18]. Neutral soil reaction was considered
[30-31].
For determining the SOC stocks (SOCS), it
to cause a decrease at CEC. It caused organic acids
is
necessary
to know the importance of soil in global
such as HNO3 and H2SO4 to appear as result of decarbon
cycle
[32]. Organic carbon and organic matcomposition and disintegration of organic wastes in
ter contents of the land of application organic agrithe organic agricultural, and these acids caused soil
culture were found to be higher rather than the land
pH to decrease. No statistically significant relationof the application conventional. Depending upon orship was found between soil reaction and other soil
ganic carbon contents, cation exchange capacities
parameters (P=0.219>0.05); however, visible differwere determined to be high, and 20-50% of this was
ences were obtained. According to Helling et al.
reported to be increasing from organic carbon [33].
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calcareous content of the soils caused inorganic carbon pools to have different values. Similar results
were obtained in several studies carried out in the
same region [40-20-6].
Mean N contents of the soils was found to be
low varied depending upon the OM and C contents
[41]. Mean N content was mostly determined in soils
of the organic agriculture practices for a 10-year period, and the lowest value was determined in
Guzelsu village soils. In soils, N and C contents are
very important in the soils and at the same time affect
the C:N ratios of the soils. This ratio has emerged as
an indicator of the decomposition and disintegration
in soil [42]. The balance in C:N ratio of the soils is
an important parameter in terms of the sustainability
of soils [43]. It was reported that N content in the
soils should be 1.2-1.8% for the start of decomposition of application organic wastes and mineralization
[44]. The most ideal C:N ratios were determined in
organic agriculture and process of transition to organic agriculture in the soils. These soils were estimated to balance decomposition and disintegration.
C:N ratios were determined to be at a level below
10:1 of the cultivated land. In the study area, C:N
ratios were determined to be 8:1 in conventional agricultural soils, and grouped in low level [17]. Low
C:N ratios in soils were likely to be caused by a high
level application N fertilizer and low OC content in
conventional agricultural land.
In general, although the differences between
organic and conventional agricultural land were remarkable, these differences were found not to be statistically significant except from the relationship between SOC and bulk density (P=0.029<0.05). In order to obtain results from similar studies and see the
difference between these as statistically significant,
an additional 50- or 60-year period is necessary. A
long period of time is necessary in order to notice the
change in soils [45]. Zerzghi et al. [46], reported that
total SOC content of the soil increased marginally
(very low) but not statistically significant (p<0.001)
in analyses performed after application 8 Mt ha-1 dry
bio-solid matters at 30 cm soil depth for 20 years into
arid, hyper-thermic agricultural areas in the Marana
region of Arizona.

Carbon contents of the soils were under the effect of
different environmental factors. The most important
of these factors were determined to be climate and
biotic factors [34-35-36].
The studies carried out on surface carbon pools
of the soils in the region were limited, but have gathered momentum in recent years. Carbon pools of the
soil samples taken from the land of application organic agriculture in the study area were found to be
higher compared to the soils of application conventional agricultural practices. When carbon concentrations of the soils of application organic agriculture
practices were compared, the highest carbon pool
was determined in Gozebasi village soils of application organic agriculture methods for 10 years, and
the lowest carbon pool was found in Guzelsu village
soils in the process of transition to organic agriculture. In organic agriculture, administering protected
agriculture and supplementing organic wastes into
soils were considered to cause an increase at the
level of organic carbon pools. When inorganic carbon pools of the soils were compared, the highest
carbon pools was determined in Gozebasi village
conventional agricultural land, and the lowest was
determined in Akpinar village conventional agricultural land. In terms of the surface carbon stocks,
Schwendenmann et al. [37], reported in their study
that the soils under different cultivation (forest,
cleared areas, pastureland and afforested areas) had
surface carbon stocks as 2.24, 1.56, 1.59 and 2.94 kg
C m-2, respectively.
The results of the studies carried out in the
Southeastern Anatolian Region on carbon pools
were similar to the results of our study. In a study
carried out in the Adiyaman region, Sakin [20] determined soil organic carbon pools between 0.88 and
3.06 kg m-2, and inorganic carbon pools between
0.32 and 26.40 kg m-2. According to the results obtained by Celik and Sakin [6] from the areas where
medicinal and aromatic plants were grown in Adiyaman, surface organic carbon pools of the soils varied between 2.42 and 5.05 kg C m-2, and the mean
was determined to be 3.76 kg C m-2. In their study,
Sakin and Munis [38] reported that the reason for
soils of the regions to have low organic carbon pools
was arid and semi-arid climatic conditions, low vegetation, and high oxidation.
Whereas the highest inorganic carbon pools of
the soils was determined to be in Gozebasi village
conventional agriculture soils, the lowest inorganic
carbon pool was found in Akpinar village conventional agriculture soils. The soils in the region generally formed as a result of decomposition and disintegration of the carbonate rocks [39]. Calcareous
contents of the soils varied depending upon marl and
conglomerate-containing main material and other
reasons. High calcareous content caused high inorganic carbon values [6]. In his study in Adiyaman
region, Sakin [20] determined inorganic carbon
pools of the soils as 0.32-26.40 kg C m-2. Different

 &$ 

Organic agriculture has more regular and protected agriculture because of soil, plant, animal and
environmental health. For that reason, agricultural
management is provided through natural methods in
this type of agriculture. To consistently improve, the
health and quality parameters of soil should be introduced to the protection of agricultural systems.
On arid and semi-arid region soils, agricultural
activities and production are under the effect of environmental factors. The most important of these
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factors is precipitation. For that reason, plant biomass does not adequately develop and products are
not crops. This application causes the reduction of
soil C such as collecting harvest plant biomass for
fuel and animal feed, and removal of stubble. The
variety and amount of soil microorganisms should be
given importance, if we want to continue with sustainable land management in the region. The level of
soil quality parameters can be increased providing
the increase at microbial biomass.
When soil analysis results in this study were
compared, the factors such as C, N, and C:N ratio as
soil quality and health parameters in soils organic agricultural application were revealed to be better in
their values rather than the soils conventional agricultural application.
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of domestic business subjects to broaden the market
and increase capital. This is being related to the
agriculture subjects as well.
The increase of influence of para-state business systems onto the country is a characteristic of
transition from communism to capitalism, being
suitable to syntax of business diplomacy of parastate companies but not in a positive sense. It can be
normal for a country to take care of its huge business systems, especially of those that cross a border
and appear in the international market. When the
interests of a private capital and the country close to
one another, the business and spreading of companies is being stimulated by the country itself, and
this is a frequent practice in the countries where the
economy is a primary one. The economy and ecology diplomacy in the agriculture are starting from
diplomacy and are accomplishing top results in the
agricultural production of a country.
The economy diplomacy means vitality, flexibility and reproduction of capital. A businessman
creates, maintains and protects his capital or products, but the country has the interest to support this
in the highest level, especially when domestic capital from this area is being invested into abroad. It
means that diplomatic relations of a country implies
more contents and formal contacts of the state with
big capital owners, especially with those who invest
their capital out of the country. The support differs:
legal, contacts, information, communication, financial, guaranteed one. The economy diplomacy takes
care on profit, but also performs complex processes
of business diplomacy.

International politics and ecology as the main
aim of its functioning positions take an international
approach in promotion of all positive values of a
country, where affirmation of agricultural products
represents an essential possibility and chance in the
world market. Current international challenges implicate the essential position of a man and having
made a personality of a business diplomat, capable
to implement reforms in all levels of management.
The contemporary world is being faced with huge
issues in securing production of enough quantities
of healthy safe food, especially one of animal
origin. In the following thesis, results of pollutants`
modelling in agricultural systems have been presented. Licensed EPA (Environment Protection
Agency) model was used for the dispersion of pollutants into the air ALOHA (Areal Locations of
Hazardous Atmospheres). ALOHA is a modeling
program that estimates hazardous chemical releases, including toxic gas clouds, fires and explosions.
A threat zone is an area where a hazard has exceeded a user specified Level of Concern (LOC).



&$ !
Environmental security, international community, air
pollution
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The economy diplomacy secures progress of
social subjects in all economy and ecology works
and works out of it. “Economy diplomacy represents a specific sophisticated connection of diplomacy in a classical sense, economy sciences and
management ones, methods and negotiation techniques with foreign partners, public relations and
collection of economy information of the interest
for the economy of a country, or a company, in the
aim of break through to the world market”. In a
process of strengthening of the economic role of an
undeveloped or backward country, a special place is
taken by the practice of encouragement and support

+7675? )6, 18475)+? )6, /91+<4;<9)4
97,<+;176The economy diplomacy or bodies and
representatives of a country include a diplomatic
activity of big companies, among the other areas of
agriculture, that introduce the business diplomacy
of bodies and representatives of the state with the
market, business and development of its great business systems of the interest for the national economy. It sublimes complex activities in the economy
sphere, where it connects and makes closer economic interests of companies and diplomatic aims
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atively smaller population, the countries with the
excess of milk become huge producers of milk in
the world level, as New Zealand is.
Switzerland, Norway and Japan are countries
with high costs of milk production since they do not
have enough soil fields for production of bush
plants. Poland with its wealth of soil fields for food
production and low wages, secures the best conditions for milk production compared to all European
countries. Regarding costs, Canada and countries of
the European Community are in the middle of the
level, while the USA has changed the structure of
milk production, are trying to reach the leaders in
low cost production. Logic would be that milk trade
derives from the regions with low to the regions
with high production prices. In formation of demand and trade flows, differences in products and
consumers’ demands have a significant role. The
countries of high living standard, including big milk
producers, as it is New Zealand, import cheese from
the EU countries. Similar is with a cheese selling
trade route from EU to the USA. The most developed countries of Europe, regarding development of
agricultural production, are Holland and Denmark,
and they accomplish more than 70% of the entire
agricultural income from livestock. The economists
claim that underdeveloped countries are those
whose income from livestock brings less than 50%
of the entire production income. Our country is
somewhere in the border, since livestock part in the
entire agricultural production is around 55%.
The EU markets (53,8% export, 45% import in
2005), are of great significance to us, but also of a
special significance the region markets of free trade
of south-east Europe (44% of the entire export in
2005), and the market of Russian Federation after
having an agreement on free trade. From livestock
products being the most dominant one in exporting
are half-processed meat and fresh and cooled meat.
The export is now being directed towards live bullock and its meat, live sheep and sheep meat and
their final products. A flexible export quota for
2005 for bullock meat was determined by EU to
9.985 t.
Serbia has 5,7 million ha of agricultural soil,
4, 2 million ha is cultivating one, and 87% is in
private possession. All inhabitants do agriculture in
some way, but only 30% as their basic work. Demographic variables in our rural areas are very negative. The number of villages is getting smaller fast
and in 68, 8 % there is a fall in number of inhabitants, and the average old age is getting higher. 700
000 of household do production and have around 3
ha in the average in their possession. Still, 44% of
the entire a number of inhabitants live in villages in
Serbia. Beef production is the main branch of livestock breeding in Serbia, and pursuant to the official list from 2002, there were 776 755 of bullock.
The production of cow milk per milking cow is
negative and very low, and the average is 2585 li-

of a state, with the usage of the available diplomacy
methods and economic resources [1-9]. A value
system of an economy diplomat influences onto the
structure of personality of the one and it is clear to
change depending on concrete conditions. The organization (a state or company) and even the one
influence onto the value orientation of the economy
diplomat. Even with no influence of the state and
company, the business diplomat changes depending
on the set aims that the one accomplishes, and the
interests, either.
The economy diplomat should perform business successfully, functions, tasks and assignments,
and this means to have an appropriate and strong
personality and an optimal political, economical,
theoretical and religious orientation. The role of the
one is extremely significant when it is under the
issue on making closer the interests of the company
from the area of agriculture complex and diplomatic
aims of the state. Since the agricultural production
has a significant influence onto the economy of the
country, in the conditions of the entire agricultural
production, livestock is a leading branch of it. In
developed countries of Europe, as Denmark and
Holland, beef production participates with 60-70 %
in the entire agricultural production. In our country,
beef production participates with around 33% in the
entire agricultural production.
The international trade of diary products has
been considered less significant since the suffice of
the products, yet this view is being changed. A fast
increase of a number of countries with less production of milk, leaves the countries exporters in a
conviction that the international trade is a good
business. The increase and direction of the global
milk trade depend on a variance between domestic
production of milk and reduction of production in
certain countries, and also the level the variance is
being changed. The increase of options in the international trade of milk is obvious in the example of
New Zealand, and it clearly emphases the development direction of this trade. In EU countries, USA,
Canada, Australia and New Zealand, a technology
advance in all production areas has been the fastest,
and thus it has brought significant changes in the
production of milk [6-9].
The participation of the world milk production
in the entire world trade fell for 7 percentages (it is
now 10%) in 2004, and comparing it with other
participation of the farm products, such as wheat,
coffee, soy or banana, it is 30 to 40 percentages.
The improvement of cooling and transportation
technologies has made milk trade more practical,
compared to previous years, although a high price is
a permanent limitation. Almost each country produces enough milk for local spending, but the production price depends from factors such as labor
price, genetic potentials, farm technology and
available quantities of food and water for animals.
Thanks to low production costs, and also a compar-
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in economic needs for increase of investment capital. The selection services function symbolically,
and artificial insemination is being conducted with
no clear selection plan.
A special issue represents process of buying
and processing of milk. The great capacities have
been inherited from the previous period in milk and
meat production, but they have been significantly
degraded and allocated in an unbalanced way. Very
fewnumber of facilities fulfills conditions of high
EU standards. Mini diary production plants fulfill
high EU standards in a difficult way. On the other
side, huge processing capacities in the country have
been mostly privatized by foreign capital (the highest number of big Serbian diary plants have been
bought by Investment Fund from the Great Britain
“Salford”, and it has become the owner of 65% of
milk industry and dairy products in Serbia. The
main office of “Salford” is in London, and it has
been registered in Gibraltar. The establisher is Eugene Jeffrey, a Russian Jewish, in 2001, who immigrated to the USA in 80s and received his PhD at
the most prestigious university of investment banking, and he returned to Moscow in the second half
of 90s, as an American). With all doubts of the way
of privatization, there is a positive fact is that in all
privatized capacities the health safety systems have
been introduced fast (HACCP). Significant credit
means have been invested into modernization of
production of cooperative households, healthy reproduction bull flocks have been secured under
suitable conditions, cooling systems and education
of farmers have been improved, either. The production of these diary production plants has been based
on selling of small commercial households.
New owners have done a lot regarding quality
improvement, development of farming and fulfillment of the European standards, but they have also
kept low buying prices and this has influenced onto
production fall. Having privatized the milk industry
and markets, a new tendency of pushing back of
small milk producers has been indicated, since big
diary production could be produced only by farmers
with a number of cows. There are diary facilities
where the process of privatization has meant a collapse or bankruptcy. Having analyzed current flows
of privatization of Serbian diary facilities, it can be
concluded that it has not brought a benefit to all. It
is obvious that there is a monopoly in the market of
milk production. Producers still have low prices,
consumers pay milk in expensive prices, and monopolists do not lack arguments and economic
power to keep a seized part of the market.
Monitoring is a process by which the industry
measures its emissions, releases, and/or parameters
of its performances that are to provide information
on the release of polluting materials and/or performance of control technologies. It provides secret or
public information on the nature of pollutants emissions and/or the performance of purification plant.

ters, and this is less than the world average for 50%.
Pursuant to the data of the Republic Statistics Bureau (RSZ), in the beginning of 2010, 586 000 cows
were recorded and bullock, and this represented a
reduced figure compared to 2008 for 6, 3% i.e. the
figure was smaller than the average from 20002008 for 18, 9%.
In type content, Simmental is a dominant one;
there is a high percentage of Mestizos, while Holstein type is slightly above 10%. In 2009, production of cow milk was 1 515 million of liters, and
there is a several years stagnation in it, and regarding of all this, a higher productivity (milk per a
cow) has been gained in the conditions of a reduced
number of cows. It was calculated that the production of 206 liters was accomplished per an inhabitant in 2009. The realized production of cow milk in
2009 was smaller for 1, 2 % compared to the average in the previous 2008, and it was smaller compared to the average from 2000-2008 for 3, 6%. The
entire period of 2000 was characterized by a smaller number of cows and bullocks and also a stagnation of production of cow milk (the production of
milk and dairy products in Serbia was in total of
827 432 hectoliters for the first two months of 2010
and 30 387 tons, and this was similar to the production accomplished in the same period last year. It
was produced 638 673 hectoliters of pasteurized
milk and 188 759 hectolitres of a sterilised one, it
was announced by Chamber of Commerce of Serbia
(CCS). Also, 490 tons of powder milk was produced, 402 tons of butter, 2 843 tons of cheese and
26 652 tons of sour-dairy products). In Serbia, there
are still around 80 000 of households that bring less
than 10 liters of milk a day, and 35 000 bring 10 to
30 liters. In these conditions, the production is unprofitable. The climate conditions for bullock
breeding are suitable and divided into three climategeographical areas with certain specifics regarding
their breeding tradition and bullock feeding.
In huge commercial farms, there is only 8% of
the entire number of bullocks, while in small family
farms with over 10 bullocks, there is around 44%.
These households make a base for development of
bullock breeding. The age structure of inhabitants
in all households in extremely negative, and there is
a fall in number of livestock in all transition countries, and it shall happen with us due to a gradual
extinguishing of these households. The Simmental
type of livestock has a strong genetic base for milk
production.
The level of specialization of households for
certain forms of production is very low, due to a
lack of educated labor, and the additional one is
property divided into small parts. The issue of specialized production has started to be solved in the
areas where educational programs of producers
have begun. The facilities and machines are dysfunctional and old. The associations of livestock
producers still function in selective bases, and not

7547

#"

  $ 

 







  !



turers for monitoring; Manufacturers willingly perform the monitoring or there is an obligation of
performance; Conditions of performing Selfmonitoring; Confidence in the quality of results
(QA/QC); Application of the standardiyed measuring methods, where possible (sampling and analysis); Certified instruments, Trained personnel; Accredited laboratories. (Fig1.) [18].
Bases of industrial monitoring in Europe:
Council Directive 96/61/EC of 24 September1996
IPPC Directive, Directive on the limit values from
Articles 18 (2) and 20 of IPPC Directive (Annex II
IPPC), (EC) Regulation No 761/2001 of the European Parliament and of the Council of 19 March
2001, governing EMAS, IPPC Reference document
on the General Principles of Monitoring, November
2002, BREF's prepared by the European IPPC Bureau – EIPPCB.
A model of integral control and the prevention
of pollution has been developed (using ALOHA to
determine what emission rates are allowable under
law as compared to what is actually happening).
Provided one considers superposition of all the
emitters and have a map of the locations, one can
use ALOHA with MARPLOT to plot the plumes on
the map and see where the problem areas are. This
model indicated the most critical points where pollution could be reduced using technical and technological measures.

Industrial monitoring of emissions from the industry is performed by the purification plant` s operator, in accordance with appropriate, defined and
amended program for taking samples and in accordance with accepted measuring protocols (standards or analytical methods or evaluation methods).
Operators can also hire another laboratory to perform industrial monitoring on their behalf (it should
be an accredited laboratory). Industrial monitoring
regimes for integral control and pollution prevention (IPPC) may comprise the following [17]
• Emission of exhaust gases and flying substances
• Flow of waste water via the sewer system in
and from water purification plants, up to the recipient
• Solid waste deposits on depots [14]
• Depositing solid and liquid waste, including
the organic waste, in burning rooms [12, 15]
• Industrial treatment of raw materials (such as
traces of polluting materials) and
conditions
in plants (treatment temperature, pressure and flow)
• Diffusive release into the air, water and soil
• Recipients of emissions such as air, grass,
surface soil and underground waters
• Expenditure of raw materials and energy
• Sources and levels of noise and vibrations
• Sources of smells
• Conditions in the plant
• Performance and maintenance of monitoring
equipment.
Requests for industrial monitoring increase in
the following situations: Complexity and sensitivity
of measuring techniques and the rise of prices; Acceptance of EMAS and ISO 14 000 by the foreign
industry; Implementation of IPPC; The polluter
pays principle is applied, especially in the case of
regulatory regime that does not reimburse manufac-

% "
Modelling of inorganic pollutants has been
done as an experiment in agricultural. For the process of modelling we used a licensed program developed by the EPA for the dispersion of inorganic
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pollutants in the air, called ALOHA. This program
uses Gaussian distribution for pollutants dispersion
with necessary input data. This is for long-term
(constant) emissions. The observed analysis was
performed for the period of one hour and for the
distance of 10 km, under meteorological conditions
for the “worst case” and with the factory working
steadily. Meteorological data has been taken from
the long-term analysis of meteorological data where
the worst case is defined in the 20% of cases
throughout the year. All input data is standard for
all modelling as well as achieved results in numeral
and graphical presentations. Modelling has been
done with the use of licensed program EPA where
the input data is: physical and chemical characteristics of pollutants, meteorological data, emission
height and gas flow. It is easy to use this model and
the expected result could be achieved a few minutes
after entering of data.
The least influence on the reduction of pollution is in the agricultural point, which has the
smallest number of emitters and takes a small part
in the pollution. The graph shows the highest emission concentration, at what distance from the emission source SO2 and NO2 is 10 km (see Fig 2.). It
has calculated for the emitters in agricultural point
which leads to a conclusion that the highest reach
for inorganic pollutants is in the agricultural point
as well as the greatest number of emitters that release pollutants.
Results of pollutants` modeling show points
that could significantly influence the air quality as
well as points of pollution reduction. The reduction
of pollution as well as the control of pollutants`
emission is regulated by law that was defined by the

Law on Integral Prevention and the Control of Pollution [13, 16].
795);1=-9)5->793)6,77,97,<+
;176 -9:8-+;1=- Ten percentage of population of
developed countries become sick of diseases related
to food per year. In the last two decades, food industry in the world has been faced with significant
issues related to BSE, genetically modified organisms (GMO), for having dioxin, residual means for
protection of plants and vet medicine, and together
with globalization of food trade and well-known
affairs in the world; there is a danger of bioterrorism. The international community has found a
solution for these issues in application of new technologies, improvement of consumers’ information,
defining and application of international standards
and introduction of a traceability system (traceability-information in a production chain and food distribution, ISO 8402, 1994, EC/178/2002, US Bioterrorism Act, 2004), as a principal condition for
creation of possibilities for additional confirmation
of food origin fast, mistakes in production, location
and withdrawal of items with minimal financial
losses. The system of fast exchange of information
RASFF related to food for people and animals has
been based onto the regulations of the European
Parliament and European Commission Council
where the basic principles and assumptions on laws
on food have been exposed. The information being
exchanged among countries have been classified
into three levels- it is necessary to keep a balance
between the public and protection of commercial
interests on the site, where the name of producers
and companies have not been published, except in
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cases when protection of health of people demands
it.
The principal condition is the existence of adequate documentation, and marking of animals, in
Serbia, (1,4 million in 2005/06) has been the first
step in this sense. Starting from January 1st 2006, in
the market of EU and WTO, the application of
standards on food safety has become obligatory
one, firstly in HACCP. This implies that the companies not possessing certificates on business pursuant to all these standards, cannot sell their items
out of borders of Serbia. The Law on Vet, besides
having defined the role of vet service, has confirmed the law obligation of all food producers of
animal origin to implement these standards.
A strategy on food safety and the Law on
Food are a part of harmonization measures of legal
acts being a part of the integration demands of EU
for accomplishing conditions for signing an
Agreement on Association and Joining of EU (the
Law on Feeding, Law on Animals’ Food, Law on
Agriculture, Law on Phitosanitary, Vet and Sanitary
Lab Agency, Law on Agricultural Property, Law on
Organic Production and Organic Products also belong to this corpus). Serbia has accepted to do business pursuant to the regulations of EU and WTO
before signing the Agreement on Stabilisation and
Joining, i.e. joining to WTO. CEFTA represent the
market with around 30 million people today, and its
creation has been initiated by Commerce Chambers
in the region. The Law on Food is the second key
legal act that arranges the area of food safety. The
principles of food safety have been defined from a
field to a table, protection of consumers’ interests,
risk analyses, precaution, responsibility, persistence
and transparency, either. The implementation of
law is obligatory in all phases of production, processing and distribution of food and food for animals, except in primary production for own needs.
The law includes food safety and food for animals
(health proof and food quality). The responsibilities
of all participants have been precisely defined in the
chain and especially related to safety (a producer),
risk analyze and communication (a national body
for food safety), and also risk management (authorized ministries). The official control and monitoring
programs have been defined based on a risk evaluation (it includes animals, plants, subjects, processes,
materials, activities, records, programs, plans and
others).
The entire law changes being partially stated
have in their final aim a general benefit of costs-a
maximal protection of health of people and animals,
but also introduction of civilization standards
through caring on animals’ benefit and protection of
environment, and keeping production profitability.
The coordination shall be accomplished through an
integral system of food safety and it shall include:
protection of animals’ health, control system of
zoo-noses, animals’ benefit, hygiene and technical
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standards of production plants, HACCP concept in
production and monitoring, control programs of
residual in the national level, certification of animal
origin products.
#!
The economy diplomacy connects several scientific areas, firstly economy, politics, diplomacy
and management, securing a unity of interests of
certain entities and a national state. The economy
diplomacy in agriculture starts from diplomacy and
comes to top results in agricultural production of a
country. The agriculture is a sector that needs time
like in no other sector, and the long-term predictability of the politics. Thus, the Ministry of Agriculture of the Republic of Serbia within its National
Program, is trying to: send a clear signal where the
readiness for reform implementation shall be visible, define activities and measures to be overtaken,
set clear and real aims to be accomplished in the
period from 2010-2013.
Technical-technological measures for reducing
organic and inorganic pollutants have been specified in action plans. After analyzing emitters, i.e.
the places generating organic and inorganic pollutants, activity plan is prepared specifying reconstruction of the tanks and pump stations, covering
the facilities emitting the greatest quantities of organic and inorganic pollutants and in some cases
introduction of a new technology that reduces emission, i.e. pollution. Monitoring of organic and inorganic pollutants presents an important preventive
measure providing important information for detecting the places that are at greatest risk. Consequently, in accordance with that, action plan can be
prepared and adequate technical technological
measures envisaged, all for the purpose of integral
control and pollution reduction.
One of the most significant agricultural
branches in Serbia is milk production, and one it
would be expecting it to be a turning point of agriculture and rural development of Serbia, as a part of
mutual agricultural policy of EU. It is a sector
where Serbia has significant potentials for its further development. Milk production is among the
sectors with the highest value of primary production
from over 500 million Euros a year, and it is being
significantly increased with processing. Also, since
the quantities and nutritive significant spending,
this sector is very significant for food safety of the
country. At the same time, it is the most demanding
one for its standards to fulfill during joining to EU,
and thus it can be the biggest obstacle. Trends in the
area of diary production do not promise that Serbia
shall be in the list of the most significant milk producers and dairy products after joining EU, and it is
necessary to make serious reforms so as to increase
its competitiveness and allow to start a sustainable
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growth from all previous negative trends. Having
respect towards the role of human resources, it is
needed to systematically build the personalities of
business diplomats in the area of agricultural production, and it means a relevant assumption on the
progress of a social community.
Modelling of inorganic pollutants SO2 and
NO2 in agricultural point serves to analyze and present maximum reach of pollutants that are formed
in the atmosphere. This analysis can serve for the
construction of action plans for the reduction of
emissions, thus ensuring the compliance with EU
and the international standards. The analysis serves
for the implementation of BAT (Best Available
Technique) that provides the integral permission
required by the IPPC Law as well as the guidance
for the choice of the best available technology [13,
16, 17, 18].
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biotechnological approach [7]. It was reported that
isocarbophos could be degraded by immobilized,
mixed microorganisms, breaking down the cyclic
structure of isocarbophos into simple inorganic compounds [8]. In the degradation process of isocarbophos, intermediate compounds such as isopropyl salicylate and salicylic acid are usually produced [9].
Isopropyl salicylate has strong antibacterial activity
and high stability in soil. It can have negative effects
on soil microbes and soil enzyme activity [10]. In
addition, salicylic acid, as an important phytohormone, may also have an unpredictable effect on the
growth of plants. Therefore, attention should be paid
to such intermediate metabolites [11, 12].
At present, several soil microorganisms capable of degrading low concentrations of isocarbophos
have been isolated [7, 9]. However, there have only
been a few studies on the isolation of pure cultures
capable of degrading high concentrations of isocarbophos, without providing other carbon sources. In
this study, Bacillus pumilus SALL-7, a strain that
could degrade isocarbophos, was isolated. Its degradation potential and application to environmental
protection were studied.

INTRODUCTION

MATERIALS AND METHODS

Isocarbophos(O-2-isopropoxycarbonylphenyl
O-methyl phosphoramidothioate) is widely used to
control a variety of leaf-eating and soil insects in various grain and vegetable crops, as well as in tree
farming practices[1]. Isocarbophos is a highly toxic
pesticide, and is also considered to be moderately
persistent in soil and water. Residual isocarbophos
may pose some hazards for soil organisms, aquatic
systems, and public health [2-4]. Owing to its toxicity and persistence, the remediation of isocarbophos pollutants has attracted increasing attention
[5,6]. Microbial degradation is usually considered
the most important way of degrading isocarbophos,
and the use of microorganisms for the bioremediation of isocarbophos-contaminated sites has received
increasing attention as an efficient and cost-effective

Media.
(1).
Mineral
salt
medium:
MgSO4·7H2O 0.2 g, (NH4)2SO4 0.1 g, K2HPO4 0.1g,
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1.0 L, pH
7.0. (2). Isolation medium: a mineral salt medium
containing isocarbophos (50 mg/L) was used to isolate isocarbophos-degrading bacteria. (3). Enrichment medium: peptone 7.5 g, yeast extract powder
5.5 g, beef extract powder 4.0 g, sodium chloride 5
g, water 1.0 L, pH 7.0.

ABSTRACT
A bacterial strain, SALL-7, capable of degrading isocarbophos, was isolated from soil. The strain
was identified as Bacillus pumilus, based on its 16S
rRNA sequence, morphology, and physiological and
biochemical characteristics. The optimal pH value
and temperature of SALL-7 were 7.0 and 35-40°C,
respectively. The 7d degradation rate of 50 mg/L
isocarbophos by SALL-7 could reach approximately
99% in mineral salt medium. Isopropyl salicylate
and salicylic acid were two important intermediate
metabolites in the process of isocarbophos biodegradation. SALL-7 could also degrade isopropyl salicylate and salicylic acid. It was considered that SALL7 could completely degrade isocarbophos. In addition, the strain showed high tolerance to isocarbophos. It is believed that SALL-7 could be used in the
control of isocarbophos pollution (or pollution by
isopropyl salicylate or salicylic acid).

Isolation and identification of isocarbophosdegrading bacteria. The soil sample was collected
from a woodland in Nanjing City, China, in which
isocarbophos has been used for more than 5 years.
The 6.0 g soil sample was placed in 100 ml isolation
medium for shake culture at 35°C (120 rpm). The
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FIGURE 1
Phylogenetic tree of strain SALL-7
determined regularly to evaluate the tolerance of
SALL-7 to isocarbophos.

concentration of the residual isocarbophos was determined every 24 h [13]. Six milliliters of culture
solution with 3d degradation rate >70% was transferred to an enrichment medium containing the same
concentration of isocarbophos, and continuously
transferred for more than 5 times. After the degradation effect was verified again, the above enrichment
medium was coated on mineral salt culture plates
containing isocarbophos for inverted culture at 35
°C. The eugonic bacterial colonies were selected and
repeatedly streaked onto the culture plate to obtain a
pure culture. The new isolates were identified using
16S rRNA sequence analysis.

Measuring the degradation of isocarbophos
by strain SALL-7. Strain SALL-7 inoculum (4%)
was inoculated into mineral salt culture medium containing 50 mg/L isocarbophos, and then placed in the
shaker (120 rpm, 35°C). The concentration of isocarbophos and isopropyl salicylate were determined
every 24 h [15].
Measuring the degradation of isopropyl salicylate by strain SALL-7. The mineral salt culture
medium containing 20 mg/L isopropyl salicylate was
inoculated with 4% strain SALL-7 inoculum, and
then placed in the shaker (120 rpm, 35°C). The concentration of salicylic acid was determined regularly
[16].

Measuring the effect of temperature on the
growth of strain SALL-7. Inocula of isocarbophosdegrading bacteria were prepared in advance [14].
4% SALL-7 inoculum was incubated in mineral salt
culture medium containing 50 mg/L isocarbophos
under different temperatures. OD600 was determined
every 12 h after shake culture.

RESULTS AND DISCUSSION

Measuring the effects of pH on the growth of
strain SALL-7. The pH of the mineral salt culture
medium (containing 50 mg/L isocarbophos) was adjusted to 6.0, 6.5, 7.0, 7.5, and 8.0. The media were
then inoculated with 4% inoculum each. The shake
culture was performed at 35°C. OD600 was recorded
every 12 h.

Identification and characterization of
isocarbophos-degrading bacteria. A strain capable
of using isocarbophos as its sole source of carbon
and energy was isolated from soil, and named
SALL-7. It was a straight bacillus, 0.6-0.8 × 2.0-2.5
μm in size, G+, with subterminal or middle spore,
motile, and aerobic, and formed opaque and white
colonies on nutrient broth plates. It tested positive
for catalase and glucose fermentation, and also
yielded positive results in the V.P. test. In contrast,
it yielded negative results in the indole test and methyl red test [17], and also tested negative for starch
hydrolysis. The strain (SALL-7) was identified as
Bacillus pumilus according to 16S sequence analysis

Measuring the tolerance of the strain SALL7 to isocarbophos. The concentration of isocarbophos in mineral salt medium was adjusted to 50
mg/L, 100 mg/L, 200 mg/L, 400 mg/L, and 800
mg/L, respectively. Then, the SALL-7 was inoculated for shake cultivation at 35°C. OD600 was
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FIGURE 2
Effect of temperature on the growth of strain SALL-7
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FIGURE 3
Effect of pH on the growth of strain SALL-7

(where the initial concentration was 50 mg/L) was
approximately 76.8% after 3 days of incubation and
could reach 95.4% after 6d at 35°C (Fig. 5). On one
hand, the temperature could affect the growth of microorganisms and enzyme activity, but on the other
hand, the temperature could also directly affect the
degradation rate of organic compounds. The increase
in temperature would cause the acceleration of the
enzymatic degradation reaction, but an excessively
high temperature would lead to the inactivation of
degrading enzymes and other enzymes [18-20].

(The 16S analysis of SALL-7 was commissioned to
Shanghai SANGON Company, GenBank accession
number MH113275, Phylogenetic tree of the strain
SALL-7 was shown in Fig.1).
Effects of temperature and pH on the strain
SALL-7 growth. SALL-7 had its highest growth
rate at 35-40°C, and temperatures outside this range
affect its growth (Fig. 2). The experimental results
show that SALL-7 had a strong isocarbophos-degrading ability. The degradation rate of isocarbophos
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According to existing results, it was inferred
that SALL-7 had a strong degradation ability toward
isocarbophos, which could work in a wide range of
isocarbophos concentrations. In addition, it was possible that SALL-7 was used in the bioremediation of
isocarbophos pollution. The degradation ability of
the strain may be closely related to the long-term use
of isocarbophos in woodland soil. Generally, soil microorganisms that continuously encounter the artificially synthesized compound may develop the ability to degrade the compound [21, 22].

Based on the above factors, 35-40°C was considered
the optimum temperature of SALL-7 for growth and
degrading isocarbophos.
The growth status and degradation ability of
microorganisms are usually affected by environmental pH. The experimental results showed that the
growth state of SALL-7 at pH 7.0 was better than
that under other pH conditions (Fig. 3), and that
therefore the optimum pH of SALL-7 was pH 7.0.
Generally, pH could not only cause the change in biodegradation ability by influencing microbial
growth, but also could directly influence the activities of relevant degrading enzymes.

Degradation of isocarbophos and isopropyl
salicylate by the strain SALL-7. The results in Fig.
5 show that isocarbophos could be rapidly degraded
by SALL-7. The degradation rate of isocarbophos
(50 mg/L) by SALL-7 could reach approximately
99% in 7d. The early stage of the degradation of
isocarbophos was fitted to the first order decay
model (C=C0·e-kt  ZKHUH ³W´ was the degradation
WLPH³N´ZDVWKHGHJUDGDWLRQUDWHFRQVWDQW and ³&0´
was the initial concentration. C=50e-0.3885t,
R2=0.9495, and the half-life = 1.76d. It was also
found that the concentration of isopropyl salicylate
rises first and then falls rapidly in the isocarbophos
degradation process. This experimental result
showed that isopropyl salicylate could be rapidly degraded by SALL-7, and it was consistent with the results shown in Fig. 6. The results shown in Fig. 6
also indicate that salicylic acid was an important intermediate for the degradation of isopropyl salicylate,
which could also be rapidly degraded by SALL-7
without large amounts of accumulation.

Tolerance of the strain SALL-7 on isocarbophos. The OD600 did not change significantly
(p>0.05) when the concentration of isocarbophos
was increased from 100 mg/L to 400 mg/L. However, the OD600 did decrease significantly when the
concentration of isocarbophos was 50 mg/L or 800
mg/L (Fig. 4). The results showed that the growth of
SALL-7 had been partially inhibited by 800 mg/L
isocarbophos, but it was still growing. 50 mg/L of
isocarbophos may not meet the carbon source or energy requirements for SALL-7 growth, resulting in a
lower OD600. Therefore, it was preliminarily considered that SALL-7 could tolerate a concentration of at
least 800 mg/L isocarbophos, under the experimental
conditions. Although SALL-7 would be significantly inhibited by 800 mg/L isocarbophos, it could
still effectively degrade isocarbophos (as isocarbophos was used as the sole carbon source in this
study).
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FIGURE 4
Effect of isocarbophos concentration on the growth of strain SALL-7
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Curve for degradation of isopropyl salicylate by the strain SALL-7 and the concentration of salicylic acid

CONCLUSION
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PHYTOAVAILABILITY OF HEAVY METALS IN RELATION
TO SOIL CHEMICAL PROPERTIES AND HEALTH RISK
ASSESSMENT THROUGH MAJOR EXPOSURE PATHWAYS
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KOLKATA, INDIA
Saha Sushanta1,*, Saha Bholanath2, Pati Sajal1, Dasgupta Shubhadip1, Pal Biplab1,
Ghosh Bag Animesh1, Hazra Gorachand1
2

1
Directorate of Research, Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia,West Bengal-741 235, India
Department of Soil Science and Agricultural Chemistry, Dr. Kalam Agricultural College, Bihar Agricultural University,
Kishanganj, Bihar-855 107, India

ABSTRACT

to be increased considerably in the coming years. It
has been estimated that about 38,354 million litres
of sewage with an equivalent amount of sludge per
day is presently generated In India [1] and out of
these 35 metropolitan cities (more than one million
population) alone generate about 15,644 million
liters sewage per day (MLD) [2]. Estimations are
also there that the domestic and municipal fresh
water (both surface and ground water) demand in
India by 2025 and 2050 will be about 55 and 90
Bm3, respectively [3], and about 80% of the supplied amount will be returned as waste water.
Therefore, application of such waste water for irrigation in agriculture is one of the best options for
its safe disposal as it provides an opportunity to
recycle plant essential nutrients (N, P, secondary
nutrients and micronutrients) which helps in reducing or even eliminating the need for costly commercial NPK fertilizers and improves soil physical,
chemical and biological properties due to high organic matter content [4]. However, long-term application of such water in agricultural soils often leads
to build up of potentially toxic heavy metals in soils
[5-7] and causes food chain contamination as crops
and vegetables directly absorb and accumulate them
in their edible parts [8]. Several recent evidences
indicated that food grown on urban and peri-urban
areas may exceed statutory or maximum permissible limits whether estimated as metal concentrations in produce or expressed as projected daily
intakes [9-10]. In a previous study, Saha et al. [11]
investigated the concentrations of different heavy
metals viz. Zn, Cu, Pb, Cd and Ni in soils and vegetables grown in long-term sewage contaminated
areas of Kolkata, India and reported that accumulation of Pb, Cd and Ni were above the permissible
limit as prescribed by Prevention of Food Adulteration (PFA) Act 1954 (Awashthi 2000) [13], FAO
(1985) [16], FAO/WHO Standard (2001) [14] and
SEPA (2005) [20] in all the crops and vegetables
generally grown in this area. On the other hand, Pb
and Ni concentrations in sewage-irrigated soils was

In this study, we aimed to assess the phytoavailability of heavy metals and their relationship
with soil properties (pH, org. C) and quantitative
human health indices associated with vegetable
consumption or direct soil dust inhalation by local
inhabitants in the long-term sewage irrigated areas
of Kolkata, India. Samples of soils and commonly
grown plants along the waste water stream were
collected from 16 sites of that area. We found that
the phytoavailability was highest for Pb followed
by Cu>Ni>Zn>Cd. A positive linear relationship
between available Cu and Pb with organic carbon
content of the soil was observed, while the availability of Cu, Zn and Ni decreased with increasing
soil pH. Soil-induced hazard quotient (HQ S) values
were much lower than vegetable-induced hazard
quotient (HQV) which were far below (<1) to cause
potential health hazard. However, the HQV values
of Pb and Cd for all the tested vegetables were far
greater than 1 and in Colocasia it reached to 18.75
and 11.97, respectively, which indicate that the inhabitants consuming such vegetables are prone to
potential health risk. Pb was the single most important element causing health risk (contributing up
to 60.4%) followed by Cd (up to 36.47%) to the
total measured HQV.
KEYWORDS:
Heavy metals, phytoavailability, risk assessment, sewage
irrigation, vegetable consumption

INTRODUCTION
Due to scarcity of ground water, sewage waste
water often drained to the farm land where this contaminated water is used for irrigating crops including vegetables. Agricultural sector in India has been
a major user of fresh water and its demand is likely
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some important chemical properties, and (b) human
health indices concerning the risk associated with
consumption of vegetables that contain heavy metals and direct soil dust inhalation by local people.

above the maximum permissible limits as given by
Kabata and Pendias [21] and for Cd it was several
folds higher than the safe limit as suggested by
Kabata and Pendias [21], Department of Environment [22] and Indian standard [13].
Vegetables containing high levels of heavy
metals, when consumed by humans and animals,
such elements can cause several clinical and physiological disorders [23-24] both to humans and animals. As heavy metals are not easily biodegradable, their accumulation in human vital organs can
cause varying degree of illness on acute and chronic
exposure [25]. Therefore, assessing the heavy metals buildup in soils and subsequently to plants edible portion (human food chain) is of utmost importance [26]. Most of the recent works monitoring
heavy metals toxicity in contaminated areas of India
is generally used to determine the concentration of
metals and metalloids in water, soil and edible portion of crops. As a consequence, there is a scarcity
of precise information related to studies on phytoavailability of heavy metals using quantitative contamination indices and of heavy metals related human health risk assessment scenarios associated
with vegetable consumption or direct soil dust inhalation by local community in such waste water contaminated areas of Kolkata, India. Such scarcity
concerns mostly organized studies (not mere monitoring), assessing the levels of different heavy metals in soil and in commonly grown crops in areas
where such metals have been deposited over the last
few decades [27].
Keeping this in mind, the present work was to
assess (a) the phytoavailability of Zn, Cu, Pb, Cd
and Ni in soils of the long-term sewage irrigated
areas of Kolkata, India and their relationship with

MATERIALS AND METHODS
Study area and sampling. Kolkata (22.82° N
- 88.20° E), one of the densely populated metropolitan cities located in eastern India with population
density of 24,306 people per square km (as per
Population Census of 2011) which is also the capital of West Bengal. A waste water stream (extended
about 30 km east wards of the city), locally known
DV µ%DJMROD .KDO¶ FDUULHV XQ-treated waste water
generated out of the Kolkata city and finally drains
LQWR WKH µ.XOWL-%LG\DGKDUL¶ ULYHU ZKLFK XOWLPDWHO\
falls into the Bay of Bengal (Figure 1). The stream
in its way carries the waste water originating both
from domestic use as well as untreated effluents
from large number of nearby tannery, battery and
jewelry factories and several other small scale industries containing excessive concentration of several toxic heavy metals which are directly flows
into it. A survey conducted by Bunting et al. [28]
revealed that about 150 tonnes of vegetables per
day are harvested from small-scale plots irrigated
with such water. Crops generally grown in the area
under study were mainly irrigated through such
waste water as and when required. Generally, ricebased cropping system is practiced by the farmers
for growing crops on the bank of this stream where
rice is generally followed by the cultivation of rabi
and summer vegetables.

FIGURE 1
Map of the East Kolkata Wetlands and waste recycling region
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TABLE 1
Sampling sites
Sample No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Location
Akandakishori
Gabtala
Saturia
Chelegualia
Bhogalirgram
Haroa
Jiringacha, Hatichala
Jiringacha, Hatichala
Saturia
Chelegualia
Raghunathpur
Raghunathpur
Barabibitala
Ghatakpukur
Ghoshpur
Kulti

Latitude (N)
220 33.532'
220 33.128'
220 32.964'
220 33.030'
220 32.854'
220 32.940'
220 33.003'
220 32.790'
220 33.022'
220 33.895'
220 32.766'
220 32.741'
220 32.651'
220 29.728'
220 30.862'
220 31.294'

Longitude (E)
880 30.959'
880 31.623'
880 33.334'
880 35.040'
880 36.586'
880 38.408'
880 31.650'
880 32.506'
880 34.067'
880 34.739'
880 36.838'
880 37.419'
880 38.158'
880 34.683'
880 39.511'
880 40.628'

wet digestion method (Walkley and Black method
as modified by Nelson and Sommers [31]).

Samples of surface soils (0.0±0.2 m) receiving
sewage water as irrigant from the disposal system
were collected from sixteen locations at an approximate interval of about 0.5 km (Table 1). In order to
represent the whole areas of the selected sites, three
sub sites within each site were marked for soil sampling and one sample (approx. 500.0 g) from each
sub site is collected and then mixed to obtain a
composite sample through quartering process (approx. 500 g).
Samples of standing crops (whatever the crops
were present during sampling) were also collected
from the same fields where soils were collected
following the same sampling technique as followed
in soil sampling. A total 71 composite samples
comprising 10 different types of crops, mostly vegetables (namely sesame, chilli, okra, jute, brinjal,
poi, amaranthus, colocasia, cowpea and cauliflower) from 16 locations were collected, packed into
polythene bags and transported to the laboratory.

Heavy metals analysis in soils and plants.
For total content of metals (Zn, Cu, Pb, Cd, and Ni)
in the soil and plants, 1.0 g of each soil and plant
samples were placed into 100 ml conical flasks,
followed by the addition of 10 mL of concentrated
HNO3 and HCIO4 in 9:4 ratio and were kept for
overnight [32]. The samples were then digested
(wet acid digestion) in a hot plate at 80 °C until a
clear solution was obtained. After cooling to room
temperature, 10 ml of deionized water was added
into the flask and filtered through Whatman no. 42
filter paper, and the filtrates were diluted to 50 mL
with deionized water. The concentration of heavy
metals (Zn, Cu, Pb, Cd and Ni) in the filtrate was
then determined using an atomic absorption spectrometer (GBC-902, Australia).
Available content of Zn, Cu, Pb, Cd, and Ni
were determined by extracting the soils with 0.005
M DTPA + 0.01 M CaCl2.2H2O + 0.1 M TEA solution adjusted to pH 7.3 (soil : extractant = 1 : 2)
following the method of Lindsay and Norvell [33]
and the concentration of available heavy metals in
the filtrate were estimated by an atomic absorption
spectrometer (GBC-902, Australia).

Sample preparations and storage. Soil samples were air dried, ground and sieved through 80
mesh sieve and then the samples were stored at
refrigerator after packing in polyethylene packet,
while the plant samples immediately after collection (i.e. on the same day) were first washed with
running tap water to remove all visible soil particles
followed by washing with 0.01 N HCl and finally
with deionized water. After that, plant samples were
dried in a hot air oven at 50 °C for 48 h till the constant weight was achieved. After drying, the samples were ground to fine powder by using stainless
steel grinder for further analysis.

Assessment of element-induced human
health risk assessment indices. We calculated two
element-induced human health risk assessment indices. One is related to direct dust ingestion (assessLQJWKH³VRLO-to-KXPDQ´SDWKZD\ DQGWKHRWKHU
is related to vegetable consumption (quantifying the
³SODQW-to-KXPDQ´SDWKZD\ 

Analytical procedure for analysis. Soil
chemical properties. The soil samples were analyzed for their pH [29] and EC [30] in 1:2.5 ratio of
soil : solution suspension and measured through
using a pH meter and Conductivity bridge, respectively. Oxidizable organic carbon content of the soil
samples were estimated through Walkley and Black

For the soil-to-human pathway. For this, we
first calculated dust- or soil derived Average Daily
Dose (ADDS, μg metal per kg body weight per day)
for components associated with non-carcinogenic
risk by the following formula as suggested by Antoniadis et al. [34-35], as follows:
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ADDS = (Cs × IR × EF × ED) / (BW × AT)
where Cs is the total metal concentration in
soil, IR is the dust ingestion rate by an adult (set
equal to 100 mg dust day-1), EF is exposure frequency (set at 365 days year-1), ED is exposure duration (set at 70 years), BW is bodyweight (set at 70
kg), and AT is averaging time (2190 days, equal to
six 365-day years).
From the ADDS, we also calculated the soilinduced Hazard Quotient (HQS):
HQS = ADDS / RfD
where RfD is the reference dose of a given
metal, with same units as ADDS. Metal RfD values
used for Zn, Pb, Cd and Ni were 0.3, 0.0035, 0.001
and 0.02 mg kgí body weight dayí, respectively
[36] and for Cu, provisional maximum tolerance
daily intake (PMTDI) of 0.5 mg kgí body weight
dayí was used in place of RfD [37].

Among all the heavy metals highest mean concentration of available metal was found in case of Pb
(7.64 ± 0.22 mg kg-1) followed by Cu (2.66 ± 0.29
mg kg-1), Ni (2.08 ± 0.12 mg kg-1), Zn (2.04 ± 0.15
mg kg-1) and lowest with Cd (0.41 ± 0.01 mg kg-1)
(Figure 2). It is also observed that availability of
almost all the heavy metals decreases along the
depth increases. The results, therefore, revealed that
there was a small variation in the phytoavailability
of different heavy metals in contrary to the marked
differences in total metal content of the sewage
irrigated soils among the different sites.

For the plant-to-human pathway. For this,
we first calculated vegetable derived Average Daily
Dose (ADDV, in mg metal per kg body weight per
day), by the following formula as suggested by Antoniadis et al. [34-35], as follows:
ADDV = CP × MIDVC/BW
where CP is metal concentration in plant;
MIDVC is the mean individual daily vegetable consumption. We set the MIDVC values at 0.05 kg
day-1 (average vegetable intake by an Indian individual day-1) according to National Institute of Nutrition [38]. However, for chilli, we assume the
MIDVC value at 0.01 kg day-1.
We then calculated vegetable-induced Hazard
Quotient (HQV) following the US Environmental
Protection Agency (USEPA) protocol [36]. Hazard
quotient is the ratio of the average daily dose
(ADDV; mg kg-1 body weight day-1) of metals to
their reference dose (RfD; mg kg-1 body weight
day-1) defined as the maximum tolerable daily intake of the specific metal that does not result in any
deleterious health effects [39]:
HQV = ADDV / RfD
Metal RfD values used for Zn, Pb, Cd and Ni
were 0.3, 0.0035, 0.001 and 0.02 mg kgí body
weight dayí, respectively [36] and for Cu, provisional maximum tolerance daily intake (PMTDI) of
0.5 mg kgí body weight dayí was used in place of
RfD [37].
If HQ> 1, the ADD of a particular metal exceeds the RfD, indicating that there is a potential
risk associated with that metal.

FIGURE 2
Mean concentration DTPA extractable heavy
metals in soils of different locations of the
sewage irrigated area (error bars represent the
% standard deviation)
Relationship between soil pH and organic
carbon with metal availability in soil. A positive
relationship between available Cu and Pb with organic carbon content of the soil was observed in the
present study. On the other hand, increased organic
carbon content decreased the availability of Cd and
Ni in sewage irrigated soil (Figure 3a). However,
for Zn, organic carbon had very little influence to
its availability in the sewage irrigated soil. It was
also observed that the availability of Cu, Zn and Ni
in soil decreased with increasing pH (Figure 3b).
On the contrary, elevated soil pH influenced little to
the Pb and Cd availability in the sewage irrigated
soil.
3HDUVRQ¶V correlation matrix among the
chemical properties and available as well as total
heavy metals content in the sewage irrigated
soils. The 3HDUVRQ¶V FRUUHODWLRQ PDWUL[ among the
different chemical properties and available as well
as total heavy metals content in the sewage irrigated
soils are illustrated in Table 2. Results revealed that
except for Pb and Zn, soil pH has a negative influence on the availability of Cu, Cd and Ni but the
total content of all the metals are positively correlated with soil pH. Positive correlations were observed between organic carbon with available Cu
(0.77**), available Pb (0.57*), total Zn (0.79**),
total Cu (0.73**) and total Ni (0.67**) but nega-

RESULTS
Phytoavailability of metals in sewage irrigated soils. The DTPA-extractable Zn, Cu, Pb, Cd
and Ni contents in the sewage irrigated soil ranged
from 1.1-3.5, 1.4-5.4, 6.3-10.0, 0.34-0.49 and 1.263.27 mg kg-1 soil, respectively at all the sites.
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distribution of metals accumulated in crops grown
in different locations of the peri-urban areas of
Kolkata (Figure 4) showed significant differences
among the crops. Among the different metals, maximum accumulation of Zn, Cu, Pb and Cd were
reported in colocasia (39.3, 21.3, 91.9, 16.8 μg g -1
for Zn, Cu, Pb and Cd, respectively) while maximum accumulation of Ni was found in amaranthus
(26.6 μg g-1).

tively correlated with total Cd (-0.50*) and available Cd (-0.39). Positive correlations are also exists
between available Cu with available Pb (0.39) and
Ni (0.26), available Cd with available Ni (0.62**),
total Zn with total Cu (0.88**) and Ni (0.84**),
total Cu with total Ni (0.95**) and total Pb with
total Cd (0.55*) and Ni (0.30).
Accumulation of heavy metals in different
crops grown in the sewage irrigated soils. The

a)

b)
FIGURE 3
Relationship between available heavy metals with a) soil pH and b) organic C content
(%) in the sewage irrigated soils

FIGURE 4
Accumulation of heavy metals (mg kg-1) in different crops grown in the sewage irrigated soils
(n= no. of samples of a individual plant; error bars represent the % standard deviation)
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TABLE 2
3HDUVRQ¶VFRUUHODWLRQPDWUL[DPRQJWKHGLIIHUHQWFKHPLFDOSURSHUWLHVDQGDYDLODEOHDVZHOODVWRWDOKHDY\
metals content of sewage irrigated soils
pH
EC Org. C Avail. Zn Avail. Cu Avail. Pb
pH
1
EC
-0.36
1
Org. C -0.15 0.09
1
Avail. Zn 0.020 0.06
0.03
1
Avail. Cu -0.10 0.18 0.77**
-0.02
1
Avail. Pb 0.30 0.01 0.57*
-0.44
0.39
1
Avail. Cd -0.24 0.38 -0.39
-0.51*
-0.01
-0.29
Avail. Ni -0.20 0.16 -0.18
-0.23
0.26
-0.40
Tot. Zn 0.16 -0.25 0.79**
0.02
0.57*
0.61**
Tot. Cu 0.04 -0.22 0.73**
-0.22
0.45
0.72**
Tot. Pb 0.10 0.04 -0.11
-0.77**
0.09
0.25
Tot. Cd 0.08 -0.08 -0.50*
-0.27
-0.24
-0.52*
Tot. Ni 0.18 -0.19 0.67**
-0.32
0.45
0.83**
* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Avail. Cd Avail. Ni Tot. Zn Tot. Cu Tot. Pb Tot. Cd Tot. Ni

1
0.62**
-0.56*
-0.43
0.59*
0.60**
-0.35

1
-0.30
-0.25
0.39
0.64**
-0.27

1
0.88**
-0.12
-0.47
0.84**

1
0.13
-0.46
0.95**

1
0.55*
0.30

1
-0.38

1

TABLE 3
Permissible limit of heavy metals in edible plant parts as suggested by various regulatory bodies
Metal
Safe limit
Zn
50.0a
60.0b
Cu
40.0c
0.2e
Pb
0.3d
0.3f
Cd
0.1d
Ni
1.5a
a
WHO/FAO (Codex Alimentarius Commission. Joint FAO/WHO, 2007) [12] and Prevention of Food Adulteration Act of India, 1954
(Awashthi 2000 [13]); bWHO (Codex Alimentarius Commission, 2001) [14]; cWHO/FAO (FAO/WHO, Codex general standard for contamination and toxin in foods, 1996) [15]; dWHO (Codex Alimentarius Commission, Joint FAO/WHO, 2001 and Codex Alimentarius Commission, 1984) [17]; eChina EPA, 2005 [18]; fEuropean Union (EU), 2006 [19]

TABLE 4
Dust ingestion reference values, average daily dose (ADDS) and hazard quotient of the
direct soil-to-human dust ingestion pathway (HQS) in sewage irrigated areas of West Bengal
Zn
Cu
Pb
Cd
Ni
Dust ingestion reference valuesa (mg kg-1)
0.3
0.5
0.0035
0.001
0.02
Average daily dose (ADDS) (μg kg-1 b.w. day-1)
Site-1
1.41
0.79
0.88
0.15
0.92
Site-2
1.33
0.65
0.74
0.23
0.75
Site-3
0.92
0.23
0.41
0.23
0.33
Site-4
1.18
0.46
0.60
0.25
0.61
Site-5
1.16
0.31
0.37
0.28
0.47
Site-6
1.32
0.62
0.93
0.28
0.81
Site-7
1.27
0.72
0.74
0.28
0.78
Site-8
1.13
0.51
0.64
0.28
0.63
Site-9
0.94
0.33
0.41
0.28
0.53
Site-10
1.12
0.58
0.60
0.28
0.65
Site-11
0.88
0.31
0.41
0.27
0.47
Site-12
1.00
0.42
0.71
0.28
0.61
Site-13
1.24
0.50
0.58
0.30
0.65
Site-14
0.90
0.22
0.33
0.29
0.36
Site-15
0.99
0.40
0.52
0.30
0.67
Site-16
0.96
0.36
0.40
0.29
0.57
Hazard quotient (HQS)
Site-1
0.0047
0.0016
0.25
0.15
0.0462
Site-2
0.0044
0.0013
0.21
0.23
0.0373
Site-3
0.0031
0.0005
0.12
0.23
0.0163
Site-4
0.0039
0.0009
0.17
0.25
0.0307
Site-5
0.0039
0.0006
0.11
0.28
0.0236
Site-6
0.0044
0.0012
0.26
0.28
0.0406
Site-7
0.0042
0.0014
0.21
0.28
0.0392
Site-8
0.0038
0.0010
0.18
0.28
0.0316
Site-9
0.0031
0.0007
0.12
0.28
0.0267
Site-10
0.0037
0.0012
0.17
0.28
0.0324
Site-11
0.0029
0.0006
0.12
0.27
0.0234
Site-12
0.0033
0.0008
0.20
0.28
0.0305
Site-13
0.0041
0.0010
0.16
0.30
0.0327
Site-14
0.0030
0.0004
0.09
0.29
0.0181
Site-15
0.0033
0.0008
0.15
0.30
0.0334
Site-16
0.0032
0.0007
0.11
0.29
0.0285
a
IRIS (2015) [36] Integrated risk information system-database, US Environmental Protection Agency for Zn, Pb, Cd & Ni; for Cu provisional maximum tolerance daily intake (PMTDI) in place of RfD as suggested by Alam et al. (2003) [37].
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(related to vegetable intake). However, HQS (related to soil ingestion) values were much lower than
HQV (related to vegetable intake).
Risk to human health for intake of heavy metals through consumption of vegetables grown on
sewage-irrigated soils was assessed in terms of the
hazard quotient (HQV) using USEPA protocol
(IRIS, 2015) and presented in Table 4. The HQV
has been recognized as a useful parameter to evaluate human health risk originating from the consumption of metal contaminated food crops [40, 26,
41]. The mean HQV values of Zn, Cu, Pb, Cd and
Ni for different vegetables were 0.075 ± 0.007,
0.010 ± 0.002, 14.465 ± 1.409, 8.690 ± 0.835, and
0.672 ± 0.075, respectively, which decreased in the
order of Pb, Cd, Ni, Zn and Cu.
The relative contribution of each of the heavy
metals in human health risk has also been assessed
by calculating the percentage of contribution of
each of the different metals HQS and HQV relative
to the total HQS and HQV (sum of all HQS and
HQV) (Figure 5). It was observed that among the
metals, highest contribution was for Cd (57.61% ±
2.44%) in total HQS followed by Pb (34.89% ±
2.14%) and Ni (6.52% ± 0.33%).

The comparison of metal concentrations (Zn,
Cu, Pb, Cd and Ni) in different crops with the permissible limit as suggested by various regulatory
bodies showed that the accumulation of Zn and Cu
does not exceed their regulatory limits (Table 3).
However, the concentrations of Pb, Cd and Ni in all
the crops generally grown in these areas varied
from 65.5-91.9 mg kg-1, 11.6-16.8 mg kg-1 and
13.4-26.6 mg kg-1, respectively, which exceeded
maximum permissible toxicity threshold in plants
(0.2-0.3 mg kg-1, 0.1-0.3 mg kg-1 and 1.5 mg kg-1)
(Table 3). The maximum concentration of Pb and
Cd were reported in colocasia (91.9 and 16.8 mg
kgí) which exceeded the WHO permissible threshold limit by 306.3 and 168.0 times, respectively,
while highest concentration of Ni was found in amaranthus (26.6 mg kg-1) followed by sesame (23.8
mg kg-1) which also exceeded the WHO/FAO as
well as Indian Standard (PFA Act of India 1954) by
17.7 and 15.9 times, respectively.
Health risk assessment. We assessed the
health risks associated with direct dust ingestion
(Table 4) and with vegetable consumption (Table
5). Results revealed that the values of ADDS (related to soil ingestion) were much higher than ADDV

(a)

(b)
FIGURE 5
Percentage contributions of different heavy metals to the Hazard Quotient, as related (a) to the direct soil
ingestion pathway (HQS) and (b) to the vegetable intake pathway (HQV)
(error bars represent the standard error of means)
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TABLE 5
Heavy metals tolerable daily intake reference values, average daily dose of vegetable intake (ADDV, both
in mg metal kg-1 body weight day-1) and hazard quotient of the edible vegetable-to-human ingestion
pathway (HQV)
Tolerable daily intake reference valuesa
Average daily dose (ADDv)
Sesame
Chilli
Okra
Jute
Brinjal
Poi
Amaranthus
Colocasia
Cowpea
Cauliflower
Hazard quotient (HQv)
Sesame
Chilli
Okra
Jute
Brinjal
Poi
Amaranthus
Colocasia
Cowpea
Cauliflower

Zn
0.3

Cu
0.5

Pb
0.0035

Cd
0.001

Ni
0.02

0.017
0.005
0.024
0.022
0.025
0.027
0.024
0.028
0.027
0.027

0.006
0.002
0.006
0.003
0.005
0.005
0.003
0.015
0.003
0.003

0.05
0.01
0.05
0.05
0.05
0.06
0.06
0.07
0.06
0.05

0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.02
0.00
0.01
0.01
0.02
0.01
0.02
0.02
0.02
0.01

0.06
0.02
0.08
0.07
0.08
0.09
0.08
0.09
0.09
0.09

0.01
0.00
0.01
0.01
0.01
0.01
0.01
0.03
0.01
0.01

13.52
2.67
14.96
13.95
15.60
16.30
17.30
18.75
17.16
14.43

9.61
1.68
9.27
9.09
9.01
9.32
9.46
11.97
9.21
8.26

0.85
0.11
0.69
0.60
0.84
0.68
0.95
0.75
0.76
0.48

aIRIS

(2015) [36] Integrated risk information system-database, US Environmental Protection Agency for Zn, Pb, Cd & Ni;
for Cu provisional maximum tolerance daily intake (PMTDI) in place of RfD as suggested by Alam et al. (2003) [37].

DISCUSSION

soil at different locations might be due to use of
varying amount of sewage water used as per crop
water requirement as well as quality of sewages
flowing at different seasons. This may also be related to the heavy metal contamination from highway
vehicles as well as due to use of various agrochemicals containing heavy metals [5].

Phytoavailability of metals in sewage irrigated soils. Small variation in the availability of
different heavy metals in contrary to the marked
differences in total metal content of the sewage
irrigated soils among the different sites was corroborated with the previous studies as reported by
Singh and Kumar [5] in the waste water irrigated
vegetable growing areas of peri-urban Delhi, India.
The phytoavailability of heavy metals viz. Zn and
Cu in the present study were several times lower,
while the mean concentrations of DTPA extractable
Cd and Ni in the sewage irrigated areas were comparable with those reported in the sewage irrigated
vegetable growing area of Ahmednagar city in Maharashtra, India [42]. However, the mean availability of Zn, Cu and Cd in the present study was also
several times lower, while the concentrations of
DTPA extractable Pb and Ni were quite higher than
those earlier reported in the long-term sewage irrigated rice and wheat growing areas of Western
Delhi, India as reported by Meena et al. [26]. In an
another study, Jagtap et al. [43] reported that DTPA
extractable Zn (148.76 mg kg-1), Cu (60.24 mg
kg-1), Pb (66.82 mg kg-1), Cd (24.75 mg kg-1) and
Ni (28.23 mg kg-1) content in the waste water irrigated soils around the Solapur city, Maharashtra,
India which were about 73, 23, 9, 60 and 14-times
higher than the values reported in present study in
the sewage irrigated peri-urban areas of Kolkata,
India for Zn, Cu, Pb, Cd and Ni, respectively. The
variation in availability of different heavy metals in

Relationship between soil pH and organic
carbon with metal availability in soil. Several
studies have reported strong relationships between
soil pH and organic carbon with metal availability
in soil [44-45]. Positive relationship between available heavy metals viz. Cu and Pb and organic carbon content was also confirmed by Singh and Kumar [5] in waste water irrigated soil of the periurban Delhi. In contrary, high organic matter content in soil may reduce the availability of heavy
metals by formation of some stable complexes with
organic ligands (insoluble chelates) which could be
attributed for such decrease in Cd and Ni availability with increasing organic carbon content [5, 46,
47]. Very little influence of organic carbon to Zn
availability in the sewage irrigated soil indicating
that their availability depends upon soil pH rather
than organic matter in soil.
Decrease in Zn and Cu availability with increasing soil pH may be attributed to the formation
of insoluble complex of ZnCO3 or CuCO3 at higher
soil pH [5]. Whereas, increase in pH values promote the sorption of Ni (including a surface precipitation, in some cases) and reduce its availability
(contents of easily extractable fractions), was iden-
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viz. Pb, Cd and Ni and they should not be consumed as such which also posing a potential health
concern due to their entry into the food chain and
can cause different diseases like brain and kidney
damage and cancer in human body in the long run.

tified to be mechanism responsible for reducing the
availability of Ni in soil [48, 49]. On the other hand,
very little influence to the Pb and Cd availability
with elevated soil pH in the sewage irrigated soil
indicating that they follow a different path of fixation.

Health risk assessment. The ADDS as well as
HQS values calculated in the present study were
found much lower than those commonly reported in
several other studies conducted in highly contaminated mining areas across the world [34, 54-57].
The calculated HQS values in the sewage contaminated areas of Kolkata were much lower for Zn, Cu
and Pb but were similar to those reported for Ni,
while the values were several times higher for Cd
than those reported in Thriasio Plain, near Athens,
Greece [35]. Values of HQS were far below the one
for all the metals under study, hence, human health
risk associated with direct dust ingestion in this area
where sewage irrigation is practiced for the last few
decades is negligible.
The HQV value of less than 1 indicates a relative absence of health risk associated with the consumption of metal contaminated food crops [58].
From the result, it is apparent that the consumption
of the tested vegetables does not expose local
communities to a potential health risk from dietary
Zn, Cu and Ni. However, the HQV values for Pb
and Ni were higher than 1. The HQV values of Pb
and Cd for all the tested vegetables were far greater
than 1 and in Colocasia it reached to 18.75 and
11.97, respectively, which indicate that the inhabitants consuming such sewage irrigated vegetables
are prone to potential health risk. The results obtained in the present study did not concur with some
recent works viz. rice and wheat grown on longterm sewage irrigated areas in Western Delhi, India
[26]; wastewater-irrigated urban vegetable farming
sites of Addis Ababa, Ethiopia [41]; marketed vegetables in Zhejiang, China [40]; near Huludao Zinc
plant in Huludao, China [59] and in the vicinity of
Dabaoshan mine in Shaoguan city, China [60]
where they reported no potential health risk to local
inhabitants due to intake of vegetables containing
such toxic metal. However, in several other studies
the reported HQV values were greater than 1 for Pb,
Cd and Cr viz. Pb in lettuce [34]; Cr in lettuce [61];
Cr and Pb in wild leafy vegetables [62]. The values
of both HQV and HQS of the plant essential elements viz. Zn and Cu were nearly zero. Similar
results were also obtained by several workers [41,
34, 35, 61].
In several other studies Pb was found to be the
metal with the highest contribution to total HQS as
compared to other elements [34, 35, 63], while in
our study the highest percentage contribution in
total HQS was found for Cd. However, in total
HQV, Pb had the highest contribution in human
health risk (60.39% ± 0.64%) followed by Cd
(36.47 ± 0.63%) and Ni (2.78% ± 0.15%). Pb and

3HDUVRQ¶V correlation matrix among the
chemical properties and available as well as total
heavy metals content in the sewage irrigated
soils. A good correlations between individual metals in the sewage irrigated soils indicating a common source of origin for all these elements. A good
negative correlation also exists between available
Zn with available Cd (-0.512*), available Pb (0.438) and available Ni (-0.232), available Pb with
available Cd (-0.293) and available Ni (-0.404),
total Zn with total Cd (-0.470), total Cu with total
Cd (-0.458) and total Cd with total Ni (-0.380). The
GLIIHUHQFHV LQ WKH µU¶ YDOXHV EHWZHHQ GLIIHUHQW HOements depend on the physical, biochemical processes in the sediments as well as on the discharging of
pollutants through sewage and other anthropogenic
activities [50].
Accumulation of heavy metals in different
crops grown in the sewage irrigated soils. Although the level of some metals viz. Pb. Cd and Ni
in plants were very high in our study, however,
much higher concentrations of Pb and Zn in beans
(about 150.0 and 500.0 mg kg-1 DW, respectively)
were also reported when grown in highly contaminated former mining area in Germany [34]. On the
other hand, when the heavy metals concentration in
vegetables grown in wastewater-irrigated urban
areas of Addis Ababa, Ethiopia [41], were compared with the present study, we found several folds
higher concentrations of Pb (5-6 fold), Cd (9-16
fold) and Ni (2-6 fold) in plants grown in the waste
water irrigated areas of Kolkata, India, while the
concentrations of Zn and Cu in plants were found
comparatively lower in our study. However, as
compared to present study, higher accumulation of
Pb (196.91 ± 8.13 mg kg-1), Cu (36.75 ± 6.19 mg
kg-1), Zn (305.54 ± 14.30 mg kg-1), Ni (125.48 ±
5.97 mg kg-1) and Cd (29.58 ± 4.26 mg kg-1) in the
vegetables grown in wastewater irrigated areas of
Dehradun, India were also observed by Chopra and
Pathak [51]. Among the analyzed vegetables, comparatively higher accumulation of Zn, Cu, Pb, Cd
was observed in colocasia (leafy plant) and Ni accumulation was high in amaranthus (leafy plant),
while comparatively lower accumulation was observed in non-leafy plant e.g. jute. This could be
attributed to the differences in physiology of metal
uptake, exclusion, accumulation, as well as foliage
deposition and retention [52, 53].
Accumulation of heavy metals in the edible
portion of commonly grown crops indicated severe
contamination by potentially toxic heavy metals
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metals does not cause any potential health hazard
through their entry into the food chain, although
these are all researchable issues and needs to be
examined thoroughly.

Cd were the major component having the highest
contribution to total HQV as compared to other elements was also confirmed by several workers viz.
Chefri et al. [63]; Pan et al. [40]; Woldetsadik et al.
[41]; Antoniadis et al. [34, 35]. The contribution of
the plant essential elements Zn and Cu to the total
HQV (0.32% ± 0.01%, 0.04% ± 0.01% for Zn and
Cu respectively) as well as HQS (0.80% ± 0.03%,
0.20% ± 0.02% for Zn and Cu respectively) was
negligible i.e. less than 1.
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CONCLUSIONS
x We found that among the heavy metals,
plant availability was found highest for Pb followed
by Cu>Ni>Zn>Cd and their availability decreases
along the soil depth in the long-term sewage irrigated areas of Kolkata, India.
x Availability of heavy metals in sewage irrigated soil is dependent on the soil physicochemical properties viz. pH and organic carbon. A
positive linear relationship between available Cu
and Pb with organic carbon content of the soil was
observed, while the availability of Cu, Zn and Ni
decreased with increasing soil pH.
x Crops commonly grown in the contaminated areas are generally contaminated with toxic
heavy metals viz. Pb, Cd and Ni, while, leafy vegetables accumulate comparatively greater amount of
such toxic metals than non-leafy ones, therefore,
continuous monitoring of transfer of these heavy
metals from sewage water to soils and subsequently
to edible plant parts are essential to prevent food
chain contamination.
x Vegetable-induced hazard quotient (HQV)
values of Pb and Cd for all the tested vegetables
were far greater than 1 which indicate that the inhabitants consuming such vegetables are prone to
potential health risk. However, dust ingestion does
not cause any potential health hazard to the local
community as soil-induced hazard quotient (HQS)
values were much lower (far below <1). We also
conclude that the most important heavy metal contributing maximum risk to human health is Pb followed by Cd and Ni.
x We therefore recommend such untreated
waste water should not be used directly in the field
for growing crops. A prior treatment through sewage treatment plant is very essential in this regard or
some remediation strategies needs to be taken viz.
use of immobilizing agents for reducing mobility of
the toxic elements in soils and subsequently restricting their entry into the plants edible portion.
x We also recommend intermittent irrigation
with such waste water along with the good quality
ground water for growing crops in the affected areas and cultivation of low water requirement crops
or non edible crops like jute, flowers etc. may also
be recommended so that accumulation of heavy

REFERENCES
[1] Kaur, R., Wani, S.P., Singh, A.K., Lal, K.
(2012) Wastewater production, treatment and
use in India. Papers, 2nd Regional Workshop on
Safe Use of Wastewater in Agriculture, May
16±18, 2012. National Report, New Delhi, India. Website http://www.ais.unwater.org (17.
07.2017).
[2] CPCB (2013) Performance evaluation of sewage treatment plants under NRCD. Central Pollution Control Board, Delhi, India.
[3] NCIWRD (1999) Integrated water resource
development: a plan for action. Report of the
National Commission of Integrated Water Resource Development (NCIWRD), Vol. 1. Ministry of Water Resources, Government of India,
New Delhi.
[4] Saha, S., Saha, B.N., Pati, S., Pal, B., Hazra,
G.C. (2017) Agricultural use of sewage sludge
in India: benefits and potential risk of heavy
metals contamination and possible remediation
options ± a review. International Journal of Environmental Technology and Management.
20(3-4), 183-199.
[5] Singh, S., Kumar, M. (2006) Heavy metal load
of soil, water and vegetables in peri-urban Delhi. Environmental Monitoring and Assessment.
120(1-3), 79±91.
[6] Gupta, N., Khan, D.K., Santra, S.C. (2008) An
assessment of heavy metal contamination in
vegetables grown in wastewater-irrigated areas
of Titagarh, West Bengal, India. Bulletin of
Environmental Contamination and Toxicology.
80, 115±118.
[7] Ahmad, J.U., Goni, M.A. (2010) Heavy metal
contamination in water, soil, and vegetables of
the industrial areas in Dhaka, Bangladesh. Environmental Monitoring and Assessment.
166(1-4), 347±357.
[8] Sipter, E., Rozsa, E., Gruiz, K., Tatrai, E.,
Morvai, V. (2008) Site-specific risk assessment
in contaminated vegetable gardens. Chemosphere. 71, 1301±1307.

7568

© by PSP

Volume 27 ± No. 11/2018 pages 7559-7571

Fresenius Environmental Bulletin


[21] Kabata, P., Pendias, H. (1984) Trace Elements
in Soils and Plants. CRC Press, Florida, Boca
Raton.
[22] Department of Environment. (1989) The use of
sewage-sludge in agriculture: A National Code
of Practice. HMSO, London.
[23] Sharma, R.K., Agrawal, M., Marshall, F.
(2007) Heavy metal contamination of soil and
vegetables in suburban areas of Varanasi, India. Ecotoxicology and Environmental Safety.
66, 258±266.
[24] Khan, S., Aijun, L., Zhang, S., Hu, Q., Zhu,
Y.G. (2008) Accumulation of polycyclic aromatic hydrocarbons and heavy metals in lettuce
grown in the soils contaminated with long-term
wastewater irrigation. Journal of Hazardous
Materials. 152, 506±515.
[25] Ward, N.I., Field, F.W., Haines, P.J. (1995)
Environmental Analytical Chemistry in Trace
Elements. Nackie Academic and Professional,
United Kingdom, 320-328.
[26] Meena, R., Datta, S.P., Golui, D., Dwivedi,
B.S., Meena, M.C. (2016) Long-term impact of
sewage irrigation on soil properties and assessing risk in relation to transfer of metals to
human food chain. Environmental Science and
Pollution Research. 23(14), 4269±14283.
[27] Tersic, T., Gosar, M., Sajn, R. (2009) Impact of
mining activities on soils and sediments at the
historical mining area in Podljudelj, NW Slovenia. Journal of Geochemical Exploration.
100, 1-10.
[28] Bunting, S.W., Kundu, N., Punch, S., Little,
D.C. (2001) East Kolkata wetlands and livelihoods. Workshop proceedings, Working paper
2. Institute of Aquaculture, Department for International Development, Stirling, UK, 21.
[29] Page, A.L., Miller, R.H., Keeney, D.R. (1982)
Methods of Soil Analysis, Part-2. 2nd ed. Soil
Science Society of America, Madison, Wisconsin.
[30] Richard, L.A. (1954) Diagnosis and improvement of saline and alkaline soils. Handbook
No. 60, Washington DC, USDA.
[31] Nelson, D.W., Sommers, L.E. (1982) Total
carbon, organic carbon, and organic matter. In:
Page, A.L., Miller, R.H., Keeney, D.R. (Eds.)
Methods of soil analysis, Part 2. 2nd ed. Agronomy Monograph. 9. ASA and SSSA, Madison,
539±579.
[32] APHA (1995) Standards methods for the examination of water and wastewater. American
Public Health Association. 19th ed. Water Pollution Control Federation, New York.
[33] Lindsay, W.L., Norvell, W.A. (1978) Development of a DTPA soil test for zinc, iron,
manganese and copper. Soil Science Society of
America Journal. 42, 421-428.

[9] Nabulo, G., Black, C.R., Young, S.D. (2011)
Trace metal uptake by tropical vegetables
grown on soil amended with sewage sludge.
Environmental Pollution. 159, 368±376.
[10] Naveedulah, Hashmi, M.Z., Yu, C., Shen, H.,
Duan, D., Shen, C., Lou, L., Chen, Yi. (2013)
Risk assessment of heavy metal pollution in
agricultural soil of Siling reservoir watershed
in Zhejiang. BioMed Research International.
2013, 1-10.
[11] Saha, S., Hazra, G.C., Saha, B.N., Mandal, B.
(2015) Assessment of heavy metals contamination in different crops grown in long-term sewage-irrigated areas of Kolkata, West Bengal,
India. Environmental Monitoring and Assessment. 187(1), 1-12.
[12] WHO/FAO (2007) Joint WHO/FAO Food
Standard Program Code Alimentarius Commission 13th Session, Report of the Thirty Eight
Session of the Codex Committee on Food Hygiene, ALINORM 07/30/13, Houston, TX,
USA
[13] Awashthi, S.K. (2000) Prevention of Food
Adulteration Act No. 37 of 1954, Central and
State rules as amended for 1999. 3rd ed. Ashoka
Law House, New Delhi.
[14] WHO (2001) Codex Alimentarius Commission. In report of the 33rd session of the Codex
Committee on Food Additives and Contaminants, Jt. FAO/WHO Food Stand. Program.
ALINORM 01/12A, 2001: 1±289.
[15] WHO (1996) Trace Elements in Human Nutrition and Health. Geneva. World Health Organization. Prepared in Collaboration with the
FAO of the UN and the IAEA. Available at
http://www.who.int/nutrition/publications/micr
onutrients/9241561734/en/
[16] FAO (1985) Water Quality for Agriculture.
Irrigation and Drainage Paper 29 Rev. 1.
Ayers, R.S., Westcot, D.W., (Eds.) FAO,
Rome, 174.
[17] Codex Alimentarius Commission (1984) Contaminants, Joint FAO/WHO Food Standards
Program, Vol. XVII. 1st ed. Codex Alimentarious, Geneva.
[18] China EPA (2005) Maximum levels contaminants in foods. GB2762-2005. China State Environmental Protection Administration (China
EPA), Beijing.
[19] Commission of the European Communities
(2006) Commission Regulation (EC) No
1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs. Official Journal of the European Union,
L 364, pp 5-24.
[20] SEPA (2005) The limits of pollutants in food,
GB2762-2005. State Environmental Protection
Administration, Beijing, China.

7569

© by PSP

Volume 27 ± No. 11/2018 pages 7559-7571

Fresenius Environmental Bulletin


[46] Janos, P., Vavrova, J., Herzogova, L., Pilarova,
V. (2010) Effect of inorganic and organic
amendments on the mobility (leachability) of
heavy metals in contaminated soil: A sequential extraction study. Geoderma. 159(3-4), 335341.
[47] Angelova, V.R., Akova, V.I., Artinova, N.S.,
Ivanov, K.I. (2013) The effect of organic
amendments on soil chemical characteristics.
Bulgarian Journal of Agricultural Sciences.
19(5), 958-971.
[48] Garau, G., Castaldi, P., Santona, L., Deiana, P.,
Melis, P. (2007) Influence of red mud, zeolite
and lime on heavy metal immobilization, culturable heterotrophic microbial populations and
enzyme activities in a contaminated soil. Geoderma. 142(1-2), 47±57.
[49] Pedron, F., Petruzzelli, G., Barbafieri, M., Tassi, E. (2009) Strategies to use phytoextraction
in very acidic soil contaminated by heavy metals. Chemosphere. 75, 808±814.
[50] Das, A., Bandopadhyay, D.K., Jee, P.K., Karmakar, A. (2014) Geochemistry of sediments
and water with a health risk assessment of
heavy metal contaminated vegetables grown in
Dhapa, a waste disposal site in Kolkata, India.
World Review of Science, Technology for Sustainable Development. 11(3-4), 248-268.
[51] Chopra, A.K., Pathak, C. (2015) Accumulation
of heavy metals in the vegetables grown in
wastewater irrigated areas of Dehradun, India
with reference to human health risk. Environmental Monitoring and Assessment. 187(7),
4648. doi:10.1007/s10661-015-4648-6
[52] Cui, Y.J., Zhu, Y.G., Zhai, R.H., Chen, D.Y.,
Huang, Y.Z., Qui, Y., Liang, J.Z. (2004) Transfer of metals from near a smelter in Nanning,
China. Environment International. 30, 785±
791.
[53] Zia, M.H., Watts, M.J., Niaz, A., Middleton,
D.R., Kim, A.W. (2017) Health risk assessment
of potentially harmful elements and dietary
minerals from vegetables irrigated with untreated wastewater, Pakistan. Environmental
Geochemistry and Health. 39(4), 707-728.
[54] Ferri, R., Hashim, D., Smith, D.R., Guazzetti,
S., Donna, F., Ferretti, E., Curatolo, M., Moneta, C., Beone, G.M., Lucchini, R.G. (2015)
Metal contamination of home garden soils and
cultivated vegetables in the province of Brescia, Italy: implications for human exposure.
Science of the Total Environment. 518-519,
507-517.
[55] Li, Z., Ma, Z., van der Kuijp, T.J., Yuan, Z.,
Huang, L. (2014) A review of soil heavy metal
pollution from mines in China: pollution and
health risk assessment. Science of the Total
Environment. 468-469, 843-853.

[34] Antoniadis, V., Shaheen, S.M., Boersch, J.,
Frohne, T., Laing, G.D., Rinklebe, J. (2017a)
Bioavailability and risk assessment of potentially toxic elements in garden edible vegetables and soils around a highly contaminated
former mining area in Germany. Journal of Environmental Management. 186(2), 192-200.
[35] Antoniadis, V., Golia, E.E., Shaheen, S.M.,
Rinklebe, J. (2017b) Bioavailability and health
risk assessment of potentially toxic elements in
Thriasio Plain, near Athens, Greece. Environmental Geochemistry and Health. 39(2), 319330.
[36] IRIS (2015) Integrated risk information system-database. US Environmental Protection
Agency, Washington D.C.
[37] Alam, M.G.M., Snow, E.T., Tanka, A. (2003)
Arsenic and heavy metal contamination of vegetable grown in Samata village, Bangladesh.
Science of the Total Environment. 308(1-3),
83±96.
[38] National Institute of Nutrition (2011) Dietary
Guidelines for Indians- A Manual. 2nd ed. National Institute of Nutrition, Hyderabad, India.
[39] Pierzynski, G.M., Sims, J.T., Vance, G.F.
(2000) Soil phosphorus and environmental
quality. In: Soils and Environmental Quality.
CRC Press, Boca Raton, Florida, 155±207.
[40] Pan, X.D., Wu, P.G., Jiang, X.G. (2016) Levels
and potential health risk of heavy metals in
marketed vegetables in Zhejiang, China. Scientific Reports. 6, 1-7.
[41] Woldetsadik, D., Drechsel, P., Keraita, B.,
Itanna, F., Gebrekidan, H. (2017) Heavy metal
accumulation and health risk assessment in
wastewater-irrigated urban vegetable farming
sites of Addis Ababa, Ethiopia. International
Journal of Food Contamination. 4(9), 1-13.
[42] Kharche, V.K., Desai, V.N., Pharande, A.L.
(2011) Effect of sewage irrigation on soil properties, essential nutrient and pollutant element
status of soil and plant in a vegetable growing
area around Ahmednagar city in Maharashtra.
Journal of the Indian Society of Soil Science.
59(2), 177±184.
[43] Jagtap, N.M., Kulkarni, M.V., Puranik, P.R.
(2010) Flux of heavy metals in soils irrigated
with urban waste waters. American-Eurasian
Journal of Agricultural and Environmental Sciences. 8(5), 487±493.
[44] Adriano, D.C. (1986) Trace elements in the
terrestrial environment. Springer-Verlag Inc.,
New York.
[45] Kirkham, M.B. (2006) Cadmium in plants on
polluted soils: Effects of soil factors, hyperaccumulation and amendments. Geoderma.
137(1-2), 19-32.

7570

© by PSP

Volume 27 ± No. 11/2018 pages 7559-7571

Fresenius Environmental Bulletin


[56] Li, P., Lin, C., Cheng, H., Duan, X., Lei, K.
(2015a) Contamination and health risks of soil
heavy metals around a lead/zinc smelter in
southwestern China. Ecotoxicology and Environmental Safety. 113, 391-399.
[57] Li, N., Kang, Y., Pan, W., Zeng, L., Zhang, Q.,
Luo, J. (2015b) Concentration and transportation of heavy metals in vegetables and risk assessment of human exposure to bioaccessible
heavy metals in soil near a waste-incinerator
site, South China. Science of the Total Environment. 521-522, 144-151.
[58] USEPA (2007) Integrated Risk Information
System-database. USEPA, Philadelphia PA,
Washington DC.
[59] Zheng, N., Wang, Q., Zheng, D. (2007) Health
risk of Hg, Pb, Cd, Zn, and Cu to the inhabitants around Huludao Zinc Plant in China via
consumption of vegetables. Science of the Total Environment. 383(1-3), 81-89.
[60] Zhuang, P., McBride, M.B., Xia, H., Li, N., Li,
Z. (2009) Health risk from heavy metals via
consumption of food crops in the vicinity of
Dabaoshan mine, South China. Science of the
Total Environment. 407, 1551±1561.
[61] Qureshi, A.S., Ismail, S. (2016) Evaluating
health risks of using treated wastewater for
vegetables under desert conditions. Journal of
Arid Land Studies. 26(3), 111-119.
[62] Abbasi, M.A., Iqbal, J., Khan, M.A., Shah,
M.H. (2013) Health risk assessment and multivariate apportionment of trace metals in wild
leafy vegetables from lesser Himalayas, Pakistan. Ecotoxicology and Environmental Safety.
92, 237±244.
[63] Cherfi, A., Abdoun, S., Gaci, O. (2014) Food
survey: levels and potential health risks of
chromium, lead, zinc and copper content in
fruits and vegetables consumed in Algeria.
Food Chemistry and Toxicology. 70, 48-53.

Received:
Accepted:

26.04.2018
14.08.2018

CORRESPONDING AUTHOR
Saha Sushanta
Directorate of Research,
Bidhan Chandra Krishi Viswavidyalaya,
Kalyani, Nadia,
West Bengal, 741 235 ± India
e-mail: sushanta.hau@gmail.com

7571

"!

 #    







    






    
!

*'/#0+#/,+/)"*'/)!#075+50/)*5+*'/

1

College of Construction Engineering, Jilin University, Changchun, 130026 China
2
Changchun Sci-Tech University, Changchun 130600 China

 

Debris flow is an explosive and catastrophic
disaster. Predictive research on debris flow is necessary. In order to solve exchange of qualitative and
quantitative problems in the process of debris flow
susceptibility assessment, this study established a
model based on cloud model and a combination
method. entropy method, an objective weighting
method, was combined with a subjective weighting
method, optimal sequence diagram method, using
preference coefficient to generate a new weighting
approach to prevent disadvantages using subjective
or objective method alone. 10 investigated debris
flow gullies around Wudongde hydropower station
reservoir were used as a case. Ten influencing factors were selected based on previous studies and
field investigation. Extension theory method was
used as a validation. Results showed that all the 10
gullies were classified into correct susceptibility degree. Compare results using cloud model with validation results using extension theory method and
consider the field investigation, the proposed approach was verified to be superior to extension theory method. Thus, cloud model was reasonable and
accurate for evaluating the degrees of debris flow
susceptibility.





evaluation methods have also evolved from qualitative to quantitative analysis. With the rapid development and maturation of mathematical theory, scholars have begun to apply mathematical methods in the
assessment of debris flow, such as fuzzy mathematics [3, 4], support vector machines [5]. Computer
technology has developed rapidly and Geographical
Information System (GIS) technology has been extensive applied in debris flow assessment [6-8], making the evaluation content and results more accurate
and reasonable.
On the basis of analyzing the relationships between the influencing factors and the debris flow
events, statistical models can be established, such as
discriminant analysis and logistic regression [9, 10].
These approaches assume that factors which caused
debris flows are the same as those which will generate debris flows in the future. However, availability
of abundant data, such as a systematic inventory of
debris flows, should be ascertained first. Shi et al. [4]
used nonlinear methods to determine debris flow
susceptibility environmental factors.
This study assessed 10 debris-flow gullies located along the lower Jinsha River, southeast of
China. Due to artificial errors, field investigation
data sometimes may not be accurate, which leads to
values near threshold may not be separated into right
section. This study intended to present an innovative
method, cloud model (CM), to address the deficiency. Studies on debris-flow susceptibility using
Cloud model are less. This combination weighting
method avoids the subjective or objective deficiencies alone. The comparisons between the proposed
approach and other traditional methods are discussed.

Debris flows frequently occur in the valleys of
mountainous areas [1]. It is a common natural disaster and has a major impact on the construction of
mountainous areas and the lives and properties of
people. Once it occurs, it will cause serious loss. Due
to the characteristics of sudden, fast flow, high flow
rate, and strong destructive power of debris flow [2],
it is of great significance to early warning of debris
flows.
Many scholars have conducted in-depth research on debris flow assessment. The research object has evolved from single debris flow gully evaluation to regional debris flow evaluation. The

  

45&9 #2'# The 10 gullies are located along
the Jinsha River in the dam area in the Wudongde
Hydropower Station, shown in Figure 1. The
riverbanks are steep and the average latitude exceeds
45°. The highest altitude is 3600m above the sea
level. The exposed formation is mainly composed of
soft and hard Jurassic Cretaceous rock formations.
The weathering of the surface is severe, and the rock
masses in multiple gullies are broken. The loose
source is composed mainly of the Madianhe

!  
Debris flow, susceptibility assessment, cloud model, entropy, optimal sequence diagram
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Formation and Longjie Formation, which becomes
the material basis for the occurrence of debris flows.
The study area is characterized by red bed soft rocks
of the Triassic, Jurassic, and Cretaceous periods (T–
K), including sandstones, shale, and mudstones.
These rocks are easy to be physically weathered. The
surface layers are completely weathered. The soil
erosions and shallow landslides are widely distributed throughout the area. There are different sea
heights and there are various climate zones. The
maximum precipitation in the study area was between 834 and 1,309 mm. The maximum 24-hour
precipitation is 110mm. The average temperature
was 9 to 18. The vegetation covers less than 30%.

With the impact of seasonal heavy precipitation and
earthquakes, there are different scales of mudslides
on both sides of dam reservoir area.
6#-5#4+0/1#2#.'4'23#/&&#4#By analyzing of debris flow activity history and its environmental background, the single debris flow catchment
susceptibility degree can be determined. Therefore,
single debris flow influencing factors should comprise two aspects of historical disaster intensity and
environment background. A detailed list of all the
debris flow influencing factors is illustrated in Table
1.
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Activity history

Outbreak

Loose material

Historical maximum

Historical total

frequency

volume

velocity

accumulation

Catchment area
Topography

Difference in altitude

Main channel

Environment

Geological

background

settings
Meteorological and
hydrological settings
Human activity

of sources area

Loose solid material reserves

Loose material supply length ratio

24h maximum precipitation
Vegetation cover
rate

curvature

Average slope gradient

Cutting density

length

Channel

Channel slope

Annual average precipitation -

Cultivation factor

Population density

 
-#33+(+%#4+0/0(+/(-5'/%+/)(#%4023
Degree
Catchment area/km2
Main channel length/km
Maximum altitude difference/km
Ravine density/(km·km-2)
Curvature of main channel
Loose material supply length ratio
24-hour maximum precipitation/mm
Population density/(per·km-2)
Loose material volume/(104m3)
Outbreak frequency/%

IV
50~35
20~10
2.0~1.0
40~20
1.55~1.40
1.0~0.6
300~100
350~250
200~100
200~100
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III
35~10
10~5
1.0~0.5
20~10
1.40~1.25
0.6~0.3
100~50
250~150
100~10
100~50

II
10~0.5
5~1
0.5~0.2
10~5
1.25~1.10
0.3~0.1
50~25
150~50
10~1
50~10

I
0.5~0
1~0
0.2~0
5~0
1.10~0
0.1~0
25~0
50~0
1~0
10~0
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Catchment
Aibagou
Fapagou
Jiachehe
Lalakuang
mengguogou
Nuozacun
Pingdicun
Tianfanghe
Zhiligou
zhuzhahe


6.66
24.1
15.6
7.2
120.8
32.61
24.2
13.1
120.6
152.6

5.09
13.12
5.07
2.62
28.7
10.5
9.9
5.6
15.8
26.3


1.43
1.43
1.33
1.21
1.6
1.15
1.47
1.06
1.61
1.3


8.43
5.22
7.4
9.2
6.68
4.96
5.9
9.3
6.3
4.32

Many researches generally select susceptibility
influencing factors from four aspects including topography, geological settings, Meteorological and
hydrological settings and human activity. Given that
factors influencing debris flow are too many, some
of them have correlation and repeatability, it is necessary to have an appropriate a selection. Susceptibility evaluations have obvious regional rules. It is
necessary to select represented factors to ensure that
the analysis results are scientific and accurate. Some
relevant studies [1, 4, 11-16] are chosen for references, as well as the characteristics of the 10 gullies.
Ten influencing factors, including catchment area
( 1), main channel length ( 2), altitude difference
( 3), ravine density ( 4), channel curvature ( 5),
loose material supply length ratio ( 6), 24-hour
maximum precipitation ( 7), population density
( 8), loose material volume ( 9), outbreak frequency ( 10). The susceptibility degree classification of the ten factors are given and listed in Table 2.
Table 3 shows the data of the ten gullies.


1.19
1.26
1.22
1.16
1.39
1.17
1.14
1.17
1.28
1.7


0.87
0.47
0.56
0.45
0.66
0.62
0.73
0.61
0.45
0.08


110
110
110
110
110
110
110
110
110
110


66
5
100
21
15
57
12
15
85
102

229
19.6
194
127
24.5
103
122
145
90
12


10
2
12
8
3
7
12
7
6
2

ambiguity of the qualitative concept. It could reflect
the cloud drops discreteness and theirs range. It is a
measure of the qualitative concept fuzziness.  is a
measure of the uncertainty of entropy. The greater
the hyper-entropy value, the greater the degree of
membership. The numerical characteristics can be
calculated using the following equations:
  + 

 (  = 1, 2,…,  )
2
⎧ 2 − 1
 =1
⎪⎪
3
 = ⎨ 
 (  = 1, 2,…,  )
 −1
⎪  −   ≥ 2
⎪⎩
3

 =

 = β
where 


and





are


(2)

(3)

(4)
the expected value and the

entropy of the cloud corresponding to the th grade,
respectively;  is the hyper-entropy;  (= 1, 2, ...,
) is the graded grade;  and  are the evaluation
factors corresponding to  degree boundary values;
 is a constant.  can reflect cloud drops cohesion,
that is, the thickness of clouds. The smaller the cloud
thickness is, the more accurate the certainty value of
cloud droplets is. In order to make the corresponding
degree of each value more accurate, the  is taken as
0.01 in this study.



-05& .0&'- In 1995, Li [17] put forward a
concept that can exchange between the qualitative
problems and quantitative problems, namely cloud
model. The cloud model is established based on
probability theory and fuzzy mathematics. Its research content is the relationship between ambiguity
and randomness. Cloud model is defined as: assume
that is a quantitative scope represented by numerical values, and is a qualitative concept on . If the
quantitative value  , and  is a random implementation of the qualitative concept , the degree of certainty of  versus is a random number, then  is
called a cloud
drop, in the domain . The distribution on the
cloud is called:
 → [0, 1]   → ()
1
The cloud model is represented by three characteristic values: Expect ( ), Entropy ( ), and Hyper-Entropy ().  is the mean value of cloud drops
in space.  could represent the qualitative concept.
 is a measure of the qualitative degree of each indicator and is determined by the randomness and


027#2&%-05&)'/'2#402
Cloud generators establish tools for the relationship between qualitative and quantitative cloud
models. Cloud generators mainly include forward
clouds, reverse clouds, and condition clouds. This
study implemented to use a normal forward cloud
generator, which is developed based on the basic
concepts of normal distribution and fuzzy mathematics. This is a completely new model. The normal
cloud model has the advantage of higher universal
applicability in dealing with qualitative concepts and
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quantitative issues. The forward cloud generator is
shown in Figure 2.

0.$+/#4+0/7'+)*4+/).'4*0&(1) Entropy
method [18]. The entropy method is an objective
weighting method. This method is mainly based on
the objective data measured. Entropy is an uncertainty measure based on probability theory. The
greater the total amount of information, the smaller
the corresponding uncertainty and the smaller the entropy value. We can use the characteristics of entropy to judge the randomness and disorder of an
event. At the same time, the entropy value can be
used to decide the level of dispersion of an evaluation factor. The greater the degree of dispersion of
the index, the more impact it will have on the evaluation result. Assume that there are  evaluation factors to be measured. The matrix of the original data
is  = ()×. For , the larger the  value, the
more important this factor is in the comprehensive
evaluation.
(2) Optimal sequence diagram method [19].
This method was first proposed by Moody from the
United States in 1983. The equivalence diagram is a
pattern of a checkerboard pattern with a total of  ×
 spaces. In the comparison between each pair, 1 represents excellent and important; 0 stands for inferior
or not important. If the two are of equal, fill in 0.5.
When comparing each other, use the blank squares
that connect the checkerboard as the baseline. If one
side of the square is 1, and the other side is 0, or both
sides are 0.5, it means the method is executed correctly This is called excellent. Complementary test
of sequence diagrams. Then add the numbers in the
squares horizontally and divide by (= ( -1) / 2)
to get the weights of each evaluation factor.
(3) Preference coefficient combination
weighting [20]. In order to ensemble the subjective
and objective weights, the preference coefficient
combination weighting method was applied. The final weights are obtained by linearly weighting subjective weights and objective weights. The formula
is as follows:
(5)
 = μα + (1 − μ )β ( = 1, 2,...)

factors weights.
Step 4. Combined with the combination
weights, calculate the comprehensive certainty degree. The maximum value corresponds to the susceptibility degree is the degree of debris flow gully.
 
The entropy method just reflects the objective
investigating results, which doesn’t show the researchers’ experience judgment. Thus, it is necessary
to join the subjective method, Optimal sequence diagram method, into the objective method. Only combining them can we get accurate, objective and combination weightsThe preference coefficient combination weighting method was proposed by Kuang
[20], which can be applied to reduce the subjective
randomness on the combination of weights. The
preference coefficient  was selected as 0.5<μ<1. In
the study, the preference coefficient  was taken as a
moderate value (0.75). After calculating the subjective and objective weights, it needs to combine them
to be comprehensive weight. The weighting results
are 0.152 ( 1), 0.082 ( 2), 0.096 ( 3), 0.042 ( 4),
0.026 ( 5), 0.075 ( 6), 0.102 ( 7), 0.052 ( 8), 0.209
( 9) and 0.164 ( 10), respectively.This method is
logical, systematic and practical. It can accurately
assign weights to various factors affecting rock mass
quality.
  
0.1#2+30/2'35-43$'47''/%-05&.0&'-#/&
'84'/3+0/4*'029
Debris flow
gullies
Aibagou
Fapagou
Jiachehe
Lalakuang
mengguogou
Nuozacun
Pingdicun
Tianfangh
Zhiligou
zhuzhahe

Where  and are the subjective weights and
objective weights of the th index; (01) is
preference weighting coefficients.

Cloud
model
IV
I
IV
III
I
III
II
III
II
I

Extension
theory
Very High
Low
High
High
Low
High
Moderate
High
Moderate
Low

The forward cloud generator was applied for
generating cloud drops, considering the three digital
characteristics values. As shown in figure 3, the debris flow susceptibility degree were divided into four
classifications: low (I), moderate (II), high (III), and
very high (IV). The cloud model has the ability to
qualitatively and quantitatively evaluate the susceptibility degree of each parameter. It also took into
consideration the ambiguity and randomness of each
parameter in the adjacency. Among the ten debris
flow gullies, two gullies were assessed as very high
susceptibility degree, three gullies were assessed as
high susceptibility degree, two gullies were assessed
as moderate susceptibility degree, and three gullies

2+/%+1-'3#/&20%'&52'3The specific steps
of the assessing the debris flow susceptibility using
cloud model are as follows:
Step 1. Determine the influencing factors and
standard set of categories of debris flow susceptibility;
Step 2. Calculate , , and  and draw cloud
model diagrams for each degree of each influencing
factor;
Step 3. With the measured data of each debris
flow gully, calculate the certainty degree belonging
to certain susceptibility degree of each gully and the
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damages would be incalculable.Combined with the
field investigation, this gully consists of weak rock
formations such as phyllite, slate, and schist, and the
landslide collapse is very developed. The local people call this gully as Mountain Laokua, which means
landslides strongly developed. Thus, the susceptibility of Jiachehe gully should be very high. The area
within the watershed is catchment area. It reflects the
confluence of the debris flow catchment. It also represents the debris flow potential scale. However, it
doesn’t mean that larger the catchment area, the
higher susceptibility degree the debris flow gully is.
The catchment area more than 100 km2 gullies occur
floods more than debris flows. Thus, three gullies,
mengguogou, zhiligou and zhuzhahe were classified
into low and moderate degree using cloud model,
which were correct. Combined with field investigation, the potential loose materials were not that
much.

were assessed as low susceptibility degree. The detail results were shown in figure 4.
Compare the evaluation results of this method
with the evaluation results using extension theory
method [21], to verify the reliability of the cloud
model in this study (Table 4). The results showed
that results using cloud model are almost the same
with those using extension theory method. It proved
that using the cloud model method to evaluate the
susceptibility of debris flow has strong applicability.
The ten debris-flow gullies susceptibility degrees were evaluated by extension theory, majority
of which were consistent with the cloud model results. However, theJiachehe result analyzed by extension theory method was high, while the cloud
model result was very high. The basic data showed
that the area of Jiachehe gully is only 15.6 km2, while
the loose material volume in Jiachehe gully is
194×104. The amounts of loose material are too
much. Once the debris flow occurs, the caused
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From the results, the evaluation results using
cloud model can accurately express the comprehensive determination of the susceptibility of the debris
flow gullies. It has good classification accuracy. The
possible degree of debris flow hazard is determined
by the degree of susceptibility. This is a qualitative
concept, which has a problem with randomness and
ambiguity. It is difficult to make specific quantitative
distinctions. The cloud model can convert concepts
qualitatively and quantitatively. It is a great advantage to apply the concept of cloud digital characteristics value to represent qualitative [22]. The use
of a normal cloud generator based on a normal distribution can solve the ambiguity and randomness in
the evaluation of debris flow susceptibility, and is
well applied in engineering.
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Debris flow susceptibility assessment is a complex uncertainty problem due to the fact that it is affected by various influencing factors. In this study,
ten influencing factors were properly selected to
evaluate debris flow susceptibility degree. A combination weighting method, considering objective and
subjective weighting methods, were conducted in a
case study along with cloud model. The use of combination weighting method effectively avoided the
disadvantages of subjective and objective weighting
method.
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were compared with the extension method, which
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cloud model performed well in debris flow susceptibility assessment, more detailed data should be investigated later to construct a better model.




This work was supported by the National Key
Research and Development Program of China
(No.2017YFC1501004), Natural Science Foundations of China (No: 41807227) and China Postdoctoral Science Foundation Funded Project (No.
2017M621212). Thanks to anonymous reviewers for
their valuable feedback on the manuscript.



7577

"!

 #    







    





[14]Aronica, G.T., Biondi, G., Brigandi, G.,
Cascone, E., Lanza, S., Randazzo, G. (2012)
Assessment and mapping of debris-flow risk in
a small catchment in eastern Sicily through
integrated numerical simulations and GIS. Phys.
Chem. Earth. 49, 52-63.
[15]Yang, F.G., Liang, Y., Singh, V.P., Wang, W.S.,
Zhou, X.Q., Liu, X.N., Cao, S.Y., Huang, E., Wu,
Y.H. (2014) Debris flow hazard assessment
using set pair analysis models: Take Beichuan
county as an example. J. Mt. Sci-Engl. 11, 10151022.
[16]Kuang, L.H., Xu, L.R., Liu, B.C. (2006) Debris
flow hazard assessment based on extension
method. China Railway Science. 27, 1-6. (In
Chinese).
[17]Li, D. (1995) Membership clouds and membership cloud generators. Computer research
and development. 32, 15-20.
[18]Zeleny, M. (1973) Multiple criteria decision
making. University of South Carolina Press.
[19]Moody, P.E. (1983) Debris flow: Mechanics,
prediction and countermeasures. McGraw-Hill
Companies.
[20]Kuang, L.H., Xu, L.R., Liu, B.C. (2006) A
combination weighting method for determining
the index weight in geological hazard risk
assessment. Chinese journal of Underground
Space and Engineering, 2, 1063-1067+1075. (In
Chinese)
[21]Zhao, B., Xu, W.Y., Liang, L., Meng, Y.D. (2015)
Stability evaluation model for high rock slope
based on element extension theory. B. Eng. Geol.
Environ. 74, 301-314.
[22]Xu, X.Y., Wang, M.W., Li, Y.F., Zhang, L.B.
(2017) Risk evaluation of debris flow hazard
based on asymmetric connection cloud model.
Math. Probl. Eng. 2017, 8p.

'%'+6'& 
   
%%'14'& 
  


 

*'/#0
College of Construction Engineering,
Jilin University,
Changchun, 130026 – China
e-mail: ccao@jlu.edu.cn

7578

Volume 27 ± No. 11/2018 pages 7579-7585

© by PSP

Fresenius Environmental Bulletin

THE MAIN AND INTERACTIVE EFFECT OF ZINC AND
CADMIUM ON THEIR UPTAKE BY WINTER WHEAT
(TRITICUM AESTIVUM L.)
Aiqing Zhao, Youlin Zhang*
College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xian, Shaanxi Province, China

On the other hand, zinc (Zn) is an essential micronutrient for plants and is an important component
of many enzymes and as a stabilizer and protector
for proteins and membranes [7]. Thus, Zn nutrition
may increase the activities of a number of antioxidant enzymes, resulting in reducing oxidative damage to membranes lipids, proteins, chlorophyll and
nucleic acids [8].
Similar geochemical and environmental properties of Zn and Cd can lead to interaction during
plant uptake, transport from roots to aboveground
parts, accumulation in edible parts and their functions in plant cells [3]. Interaction between Cd and
Zn in uptake, translocation and accumulation in plant
parts has been studied in solution culture or in pot
experiment [9]. However, Zn×Cd interaction is still
controversial, with researchers reporting both antagonistic and synergistic effects between the two elements [10]. Antagonism between Cd and Zn has
found in wheat plants [11-12], with reducing the
transformation of Cd from roots to shoots with increasing Zn application rates and increasing Cd application rates increasing Zn uptake [13-15]. In contrast, synergism between Zn and Cd has also found
in Thlaspi spp [16], with increasing Cd transformation from roots to shoots with increasing Zn application rates. Differences among the results may be
related to soil properties and plant species [17], plant
organs [18], and the Cd and Zn concentration or
Cd/Zn ratio in the nutrient solution [4].
Wheat is one of the most important crops in the
world and the second largest food crop in China.
However, wheat is also a major source of Cd in human food [19]. Reports indicate that more than 13.3
thousand hectares of arable land in China are contaminated with Cd, affecting 1.46 million kg of agricultural products annually [12]. About 43% of Cd ingested with food in Sweden comes from wheat products [20]. It is important to reduce Cd concentrations
in wheat plants. The objective of this experiment was
to investigate the main and the interactive effect of
Zn and Cd on their uptake and distribution in wheat.
We wanted to know whether Zn fertilization could
be used to reduce Cd accumulation in wheat grains.

ABSTRACT
A nutrient solution experiment was conducted
to investigate the main and interactive effect of Zn
and Cd on their uptake by winter wheat. The experiment used a factorial combination of four Zn levels
(0, 0.5, 5, and 50 mg/L) and three Cd levels (0, 5,
and 50 mg/L). Results showed that Cd supply caused
a reduction in plant dry weight, a decline in the Zn
concentration of stems and leaves, and an increase in
the Cd concentrations throughout the plant. Zinc
supply resulted in an increase in plant dry weight, a
significant reduction in root Cd concentrations, and
an increase in Zn concentrations throughout wheat
plants. The translocation coefficient of Zn was
greater than 1 and larger than that of Cd. The Zn×Cd
interaction had a significant effect on root Cd concentrations and leaf Zn concentrations. There was a
significant negative correlation between Zn and Cd
concentrations in plant tissues. In conclusion, it may
be possible to reduce Cd accumulation in wheat
plants by increasing soil Zn application rates.

KEYWORDS:
Zn, Cd, Interaction, uptake, Wheat

INTRODUCTION
Cadmium (Cd) is a hazardous heavy metal that
causes toxic to plants, animals, and humans [1].
Therefore, in Cd-contaminated soil, Cd is easily
taken up by plant roots and accumulated to a toxicity
level that affects human health, such as causing kidney damage, disturbing the calcium metabolism [2].
Accumulation of Cd in plants can also limit growth
and development [3]. Cd is naturally released to the
environment either due to volcanic activities on land
or under the sea, weathering, erosion and river
transport [4]. Additionally, Cd is released due to anthropogenic sources, including mining, industrial
waste disposal, and application of pesticides, phosphate fertilizer and soil amendments [1, 5-6]. Cd
contamination of soil is a worldwide problem that
urgently needs to be solved.
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tap water and deionized water for 3 times, respectively, and oven dried at 65°C for 48 h. Thereafter,
the dry plant samples were crushed to form a powder. Up to 0.5 g of each sample was precisely
weighted and incinerated in a muffle furnace at
525°C for 6 h, dissolved in 5 mL of a 1:1 solution of
HNO3 and then transferred to 50 mL volumetric
flasks and then brought to volume with distilled water. All Zn and Cd concentration in wheat plants
were measured using atomic absorption spectrophotometer (AA 320CRT; Shanghai Analytical Instrument Overall Factory, Shanghai, China).

MATERIALS AND METHODS
Experimental design and planting. A nutrient
solution culture experiment was conducted in the
Hydroponic Culture Lab, College of Nature Resources and Environment, Northwest A&F University. The experimental design was completely randomized blocks with two factors, consisting of three
Cd application rate (0, 5, and 50 mg/L) and four Zn
application rates (0, 0.5, 5, and 50 mg/L). The Cd
and Zn was applied as CdSO4·8H2O and
ZnSO4·7H2O. Each treatment was replicated three
times. The following treatment codes will be used
throughout the paper: Zn0, Zn0.5, Zn5, Zn50, Cd0, Cd5,
and Cd50.
Wheat (Triticum aestivum L., cv Xiaoyan 22)
was sown in a small plot. At the five-leaf-stage (60
d after sowing), plants with one tiller were dug from
the field and washed three times with distilled water.
Seedlings were then selected for uniformity and
transplanted into 2 L opaque containers, each covered with a polystyrol-plate with five holes. Two
seedlings were fixed in each hole and one hole was
used as an inlet for an aeration tube. A modified
+RDJODQG¶VQXWULHQWVROXWLRQZDVXVHGZLWKWKHIRO
lowing compositions in mg/L: Ca(NO3)2·4H2O 950,
KNO3 610, MgSO4·7H2O 490, NH4H2PO4 120, FeFLWUDWH  SOXV LQ ȝJ/ +3BO3 2.86,
MnCl2·4H2O 1.81, CuSO4·5H2O 0.08, and
H2MoO4·H2O (85% Mo2O) 0.09. All chemicals were
Analytical reagent (AR) grade. The plants were
JURZQLQVWUHQJWK+RDJODQG¶VVROXWLRQIRUIRXU
days, and then the solution was replaced with full
VWUHQJWK+RDJODQG¶VVROXWLRQIRUWKUHHGD\VWRHVWDE
lish new root growth. The nutrient solution was aerated continuously. Eight days after transplanting, Cd
and Zn were applied to the nutrient solution. The
pots were arranged in a completely randomized
block design. The hydroponic culture Lab was with
day/night temperatures of 25/15°C and a 10 hourSKRWRSHULRGDWȝPROP2·s. The full strength nutrition solution in the containers was replaced on the
fourth day.

Data processing. Multiple comparisons of
means were conducted using DPS 7.5 statistical software and differences were considered significant at
P<0.05. The main and interactive effect of Cd and
Zn was conducted using Excel 2003.

RESULTS AND DISCUSSION
The addition of Zn to the culture solution increased plant dry biomass in a range of 4%-46%
compared to the control (Zn0) (Table 1). On contrast,
Cd addition decreased plant dry biomass by 11 to
50% compared to the control (Cd 0). High Zn levels
(Zn50) alleviated Cd-induced toxicity to some extent.
Specifically, dry biomasses were 18% larger in the
Zn50Cd5 treatment compared to the Zn5Cd5 treatment
and 8% larger in the Zn50Cd50 treatment compared to
the Zn5Cd50 treatment.
Zn had a positive effect on plant growth (Table
2). However, high application rates of Zn reduced
plant growth to some extent. On the other hand, Cd
had a negative effect on plant growth. The inhibitory
effect of Cd on wheat growth was greater than the
interactive effect of Zn×Cd, suggesting that Zn addition to the nutrient solution reduced Cd-induced toxicity to wheat. Sanaeiostovar et al. [18] also found
that Cd bioavailability to plants was lower when
grown in a Zn-Cd environment than in a Cd-only environment. The Zn×Cd interaction was positive in
the Zn50Cd5 treatment, whereas it was negative for
all the other treatments. This indicated that high levels of Zn (Zn50) could overcome the inhibitory effects of Cd on wheat growth.

Chemical analysis. Plants were harvested 13
days after implementation of Cd and Zn treatments.
Plants were separated into leaves, stems, and roots.
All the plant samples were successively washed with

TABLE 1
Plant dry biomasses (g/plant) of wheat plants after 13 d incubation with three Cd application rates (0, 5
and 50 mg/L) and four Zn application rates (0, 0.5, 5, and 50 mg/L) under hydroponic conditions.
Plant dry biomass (g/plant)
Zn treatment (mg/L)
Zn0
Zn0.5
Zn5
Zn50
Cd0
4.25cd
6.22a
5.80a
4.90b
Cd5
3.41ef
3.55e
3.69de
4.34bc
Cd50
2.50g
3.27ef
2.90fg
3.12e-g
F values
Cd 124.7**
Zn 11.6**
Zn×Cd 5.93**
Means in a column followed by different letters are significantly different among different levels of the same factor (P㸺0.05).
* **
, significant differences at 5% and 1% probability, respectively.
Cd treatment
(mg/L)
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TABLE 2
Main and interactive effects of Cd and Zn application on plant dry biomass.
Main effect
Plant dry biomass (g)
Zn0.5
2.88a
Zn5
2.23a
Zn50
2.20a
Cd5
-6.17b
-9.36b
Cd50
Zn×Cd interaction
Zn0.5×Cd5
-1.18b
Zn0.5×Cd50
-1.20b
-1.26b
Zn5×Cd5
Zn5×Cd50
-1.14b
Zn50×Cd5
0.28a
Zn50×Cd50
-0.02a
Zn0.5, Zn5, and Zn50 represent Zn application rates at 0.5, 5, and 50 mg/L, respectively. Cd 5 and Cd50 represent Cd application
rates at 5 and 50 mg/L, respectively. Means in a column followed by different letters are significantly different among different
levels of the same factor (P㸺0.05).
The interactions were quantified as follows:
Zn0.5×Cd5=[(Zn0.5Cd5+Zn0Cd0)-(Zn0.5+Cd5)]/2
Zn0.5×Cd50=[(Zn0.5Cd50+Zn0Cd0)-(Zn0.5+Cd50)]/2
Zn5×Cd5=[(Zn5Cd5+Zn0Cd0)-(Zn5+Cd5)]/2
Zn5×Cd50=[(Zn5Cd50+Zn0Cd0)-(Zn5+Cd50)]/2
Zn50×Cd5=[(Zn50Cd5+Zn0Cd0)-(Zn50+Cd5)]/2
Zn50×Cd50=[(Zn50Cd50+Zn0Cd0)-(Zn50+Cd50)]/2

TABLE 3
Cd concentration and translocation coefficient of root, stem and leaf tissues of winter wheat as influenced
by three Cd application rates (0, 5, and 50 mg/L) and four Zn application rates (0, 0.5, 5, and 50 mg/L)
under hydroponic conditions.
Treatment (mg/L)
Cd concentration (mg/kg)
Cd translocation coefficient
Cd treatment
Zn treatment
Root
Stem
Leaf
Leaf/Root
Leaf/Stem
Stem/Root
0.49f
0.16b
0.18b
0.33b
0.60b
0.58c
Zn0
Zn0.5
0.11f
0.14b
0.11b
0.63ab
1.19ab
㸫
Cd0
㸫
㸫
0.34f
0.11b
0.16b
1.89ab
Zn5
1.12ef
1.47b
0.64b
0.26b
0.45b
0.73c
Zn50
4.88cd
2.01b
0.79b
0.20b
0.49ab
0.41c
Zn0
Zn0.5
4.50d
2.31b
1.34b
0.32b
0.56ab
0.57c
Cd5
2.94de
1.90b
1.62b
0.61ab
0.94ab
0.71bc
Zn5
Zn50
3.60d
1.62b
2.21b
0.57ab
1.38a
0.44c
Zn0
13.33a
9.48a
7.66a
0.58ab
1.16ab
0.70bc
Zn0.5
9.77b
10.48a
7.77a
0.90ab
0.80ab
1.11ab
Cd50
Zn5
9.44b
10.03a
8.21a
0.91ab
0.84ab
1.08ab
Zn50
7.09c
10.17a
6.32a
1.03ab
0.75ab
1.57a
F value
Cd
151.1**
26.3**
125.6**
9.61**
0.96
23.8**
Zn
5.20**
0.03
0.19**
1.32
1.07
1.08
Zn×Cd
3.75**
0.14
0.25
1.20
1.28
1.78
Means in a column followed by different letters are significantly different among different levels of the same factor (P㸺0.05).
* **
, significant differences at 5% and 1% probability, respectively.

reduced Zn concentration in leaves and roots (Table
4).
Respectively to the translocation, the translocation of Cd from roots to shoots in the Cd 50 treatment
considerably but not significantly increased as the
amount of Zn in the culture solution increased (Table
3). Zn translocation from roots to stems was significantly greater in the Cd50 treatment compared to that
in the Cd0 and Cd5 treatments (Table 4). Overall, the
translocation coefficient for Zn was greater than for
Cd.

Compared to the control (Cd 0 treatment), Cd
applied to nutrition solution significantly increased
Cd concentrations in wheat plants. Specifically, Cd
concentrations in roots, stems and leaves were 7 to
44 times larger in the Cd5 treatments and 64 to 121
times larger in the Cd50 treatments than that in the
Cd0 treatments (Table 3). Zn concentrations in roots,
stems, and leaves were significantly increased as Zn
concentration in the culture solution increased. However, Cd applied to the culture solution significantly
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The translocation coefficient of Cd of wheat
was calculated using the following formula:
leaf/root=leaf Cd concentration/root Cd concentration;
stem/root=stem Cd concentration/root Cd concentration;
leaf/stem=leaf Cd concentration/stem Cd concentration.
There was significant interaction between Zn
and Cd in wheat leaves and roots (Table 5, 6). This
result was consistent with the findings of other researchers [15, 17-18]. However, other researches
had found the interaction between Cd and Zn occurred in other plant parts. Specially, Smith and
%UHQQDQ >@ XVHG WKH ³VSOLW-URRW´ WHFKQLTXH to
demonstrate Zn and Cd had no contact at the root
surface, but the interaction occurred within tomato

It has been suggested that Cd and Zn are translocated long distances in the form of compounds or
chelate complexes via transporters [21-22]. Cloning
and screening techniques have demonstrated that the
Zn transporter, ZNT1, enhanced Cd translocation in
plants [23]. However, Pence et al. [24] reported that
the affinity of ZNT1 for Zn2+ was much greater than
for Cd2+. Little is known about Cd and Zn transporters in wheat, though some authors have proposed
that a separate Cd-specific transport system exists
within wheat which is different from the ZNT1 transporter [21]. It has reported that the transported forms
and absorption mechanisms for Cd were different
from Zn in some rice cultivars [22]. In addition, Harris and Taylor [12] reported that the movement of Cd
within plants was likely to occur via the xylem and
to be driven by transpiration from leaves.

TABLE 4
Zn concentration and translocation coefficient in wheat root, stem and leaf, as influenced by Zn
application rates (0, 0.5, 5, and 50 mg/L) and Cd application rates (0, 5, and 50 mg/L) under hydroponic
conditions.
Treatment (mg/L)
Zn concentration (mg/kg)
Zn translocation coefficient
Cd treatment
Zn treatment
Root
Stem
Leaf
Leaf/Root
Leaf/Stem
Stem/Root
Zn0
0.48f-h
0.55e
0.88e
5.26ab
3.84a-c
1.43a-c
Zn0.5
2.53de
1.22de
1.56de
2.14cd
2.93a-c
0.74a-c
Cd0
Zn5
6.19b
2.51c
6.21b
3.12b-d
6.15ab
0.53bc
8.11a
5.08a
7.44a
1.78cd
3.55a-c
0.51c
Zn50
0.37h
0.44e
0.77e
4.60a-c
3.07a-c
1.37a-c
Zn0
Zn0.5
1.64e-g
0.75de
1.06de
1.53d
2.88a-c
0.53bc
Cd5
Zn5
3.88cd
1.44d
1.73d
1.02d
2.84a-c
0.39c
Zn50
6.72ab
4.25b
5.87b
1.87cd
4.32a-c
0.46c
0.38gh
0.49e
0.84e
6.35a
6.77a
2.53a
Zn0
Zn0.5
0.57f-h
0.57e
0.78e
5.20ab
2.25bc
2.15a-c
Cd50
1.86f-h
1.16de
1.16de
2.36b-d
2.10c
1.07a-c
Zn5
4.12c
4.75ab
3.33c
2.53b-d
1.59c
2.49ab
Zn50
F value
Cd
3.95*
0.58
24.6**
3.17
0.56
5.17*
**
**
**
**
Zn
15.3
125.8
101.6
6.67
1.03
1.39
0.76
1.68
0.26
Zn×Cd
0.94
1.13
8.31**
Zn0.5, Zn5, and Zn50 represent Zn application rates at 0.5, 5, and 50 mg/L, respectively. Cd 5 and Cd50 represent Cd application
rates at 5 and 50 mg/L, respectively. Means in a column followed by different letters are significantly different among different
levels of the same factor (P㸺0.05).

TABLE 5
Main and interactive effects of Cd and Zn on Cd concentrations in wheat roots.
Main effect
Root Cd concentration (mg/kg)
Zn0.5
-4.36c
Zn5
-5.98c
Zn50
-6.89c
13.91b
Cd5
Cd50
37.62a
Zn×Cd interaction
Zn0.5×Cd5
0.05a
Zn0.5×Cd50
-3.13ab
Zn5×Cd5
-1.78ab
Zn5×Cd50
-3.74bc
Zn50×Cd5
-1.91ab
Zn50×Cd50
-6.88c
Zn0.5, Zn5, and Zn50 represent Zn application rates at 0.5, 5, and 50 mg/L, respectively. Cd 5 and Cd50 represent Cd application
rates at 5 and 50 mg/L, respectively. Means in a column followed by different letters are significantly different among different
levels of the same factor (P㸺0.05).
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TABLE 6
Main and interactive effects of Cd and Zn on Zn concentrations in wheat leaves.
Main effect
Leaf Zn concentration (mg/kg)
Zn0.5
0.90c
Zn5
6.61b
Zn50
14.15a
Cd5
-6.66d
-9.98e
Cd50
Zn×Cd interaction
Zn0.5×Cd5
-0.39a
Zn0.5×Cd50
-0.75a
-4.37b
Zn5×Cd5
Zn5×Cd50
-5.02b
Zn50×Cd5
-1.46a
Zn50×Cd50
-4.08b
Zn0.5, Zn5, and Zn50 represent Zn application rates at 0.5, 5, and 50 mg/L, respectively. Cd 5 and Cd50 represent Cd application
rates at 5 and 50 mg/L, respectively. Means in a column followed by different letters are significantly different among different
levels of the same factor (P㸺0.05).

TABLE 7
Correlation between Zn and Cd concentration in leaf, stem, and root of winter wheat seedling grown at
four Zn application rates (0, 0.5, 5, and 50 mg/L) and three Cd application rates (0, 5, and 50 mg/L) under
hydroponic conditions.
Treatment

Item

L-Cd
1

Correlation coefficient
R-Cd
L-Zn
0.91**
0.24
0.89**
-0.38
1
-0.080
1

S-Cd
0.73*
1

S-Zn
R-Zn
-0.088
-0.17
L-Cd
S-Cd
0.22
-0.10
R-Cd
-0.053
-0.025
Zn0
L-Zn
-0.17
-0.18
S-Zn
1
-0.05
R-Zn
1
0.88**
-0.77*
-0.73*
-0.78*
L-Cd
1
0.97**
S-Cd
1
0.92**
-0.75*
-0.68
-0.73*
R-Cd
1
-0.83*
-0.71*
-0.67
Zn0.5
0.87**
L-Zn
1
0.94**
S-Zn
1
0.90**
R-Zn
1
L-Cd
1
0.98**
0.94**
-0.71*
-0.71*
-0.81*
S-Cd
1
0.97**
-0.71*
-0.63
-0.75*
R-Cd
1
-0.75*
-0.65
-0.68
Zn5
0.79*
L-Zn
1
0.91**
S-Zn
1
0.79*
R-Zn
1
0.97**
-0.62
-0.23
-0.67
L-Cd
1
0.87**
S-Cd
1
0.87**
-0.84**
0.01
-0.88**
R-Cd
1
-0.65
-0.20
-0.71*
Zn50
L-Zn
1
0.063
0.95**
S-Zn
1
0.021
R-Zn
1
L-Cd, S-Cd and R-Cd represent leaf-, stem-, and root-Cd concentrations in wheat seedlings; and L-Zn, S-Zn, and R-Zn represent leaf-, stem-, and root-Zn concentrations in wheat seedlings. Zn0, Zn0.5, Zn5, and Zn50 represent Zn application rate at 0,
0.5, 5 and 50 mg/L, respectively.
* , ** significant differences at 5% and 1% probability, respectively.

this stage have great capacity to absorb nutrients.
Additionally, the interaction of Cd and Zn may also
be affected by other ions in the nutrient solution. In
this study, Cd and Zn were added to the culture solution in the form of CdSO4 and ZnSO4. Zhao et al.
[26] found that SO42- increased Cd uptake by plants.
Accordingly, in this study, there was also a interaction between Zn and Cd in leaves of wheat plants.

shoots. Other researchers found that Cd and Zn interacted in roots, and shared a common transport system in roots [14-15, 17]. Many factors could contribute to these conflicting reports, including the Cd or
Zn concentration in plant tissues, and the plant species or cultivar [1, 24]. Plant growth stage also affects Zn×Cd interaction [25]. The plants in this study
were vernalized and at the jointing stage. Plants at
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[6] Arduini, I., Masoni, A., Mariotti, M., Pampana,
S., Ercoli, L. (2014) Cadmium uptake and translocation in durum wheat varieties differing in
grain-Cd accumulation. Plant Soil and Environment. 60(1), 43-49.
[7] Kabata-Pendias, A., Pendias, H. (2000) Trace
Elements in Soils and Plants. CRC Press.
[8] Sanaeiostovar, A., Khoshgoftarmanesh, A.H.,
Shariatmadari, H., Afyuni, M., Schulin, R.
(2012) Combined effect of zinc and cadmium
levels on root antioxidative responses in three
different zinc-efficient wheat genotypes. Journal of Agronomy and Crop Science. 198, 276285.
[9] Nan, Z., Li, J., Cheng, G. (2002) Cadmium and
zinc interactions and their transfer in soil-crop
system under actual field conditions. Science of
Total Environment. 285, 187-195.
[10] Hassan, M.J., Zhu, Z., Ahmad, B., Mahmood,
Q. (2006) Influence of cadmium toxicity on rice
genotypes as affected by zinc, sulfur and nitrogen fertilizers. Caspian Journal Environmental
Sciences. 4(1), 1-8.
[11] Jiao, Y., Grant, C.A., Bailey, L.D. (2004) Effects of phosphorus and zinc fertilizer on cadmium uptake and distribution in flax and durum
wheat. Journal of the Science of Food and Agriculture. 84(8), 777-785.
[12] Harris, N.S., Taylor, G.J. (2001) Remobilization
of cadmium in maturing shoots of near isogenic
lines of durum wheat that differ in grain cadmium accumulation. Journal of Experimental
Botany. 52(360), 1473-1481.
[13] Welch, R.M., Hart, J.J., Norvell, W.A., Sullivan, L.A., Kochian, L.V. (1999) Effects of nutrient solution zinc activity on net uptake, translocation, and root export of cadmium and zinc
by separated sections of intact durum wheat
(Triticum turgidum L. var durum) seedling
roots. Plant and Soil. 208, 243-250.
[14] Cakmak, I., Welch, R.M., Erenoglu, B.,
Römheld, V., Norvell, W.A., Kochian, L.V.
(2000) Influence of varied zinc supply on retranslocation of cadmium (109Cd) and rubidium
(86Rb) applied on mature leaf of durum wheat
seedlings. Plant and Soil. 219, 279-284.
[15] Salah, S.A., Barrington, S.F. (2006) Effect of
soil fertility and transpiration rate on young
wheat plants (Triticum aestivum) Cd/Zn uptake
and yield. Agricultural Water Management. 82,
177-192.
[16] Ozturk, L., Karanlik, S., Ozkutlu, F., Cakmak,
I., Kochian, L.V. (2003) Shoot biomass and
zinc/cadmium uptake for hyperaccumulator and
non-accumulator Thlaspi species in response to
growth on a zinc-deficient calcareous soil. Plant
Science. 164, 1095-1101.

Comparison among the Zn treatments showed
positive correlations among leaf-, shoot-, and rootCd concentrations at all levels of Zn (Table 7). In the
Zn0.5 and Zn5 treatments, there was a significant and
negative correlation between Zn and Cd concentrations in leaves, stems, and roots (Table 7). In the Zn50
treatments, there was a significant negative correlation between leaf-Zn concentrations and stem-Cd
concentrations. Moreover, root-Zn concentrations
were negatively correlated with stem- and root-Cd
concentrations. These results indicated that Cd concentrations in plants could be reduced by increasing
leaf and root Zn concentrations. Tkalec et al. [1] also
found that improving plant Zn nutrition via soil or
foliar Zn applications was one option for reducing
Cd accumulation in wheat grain. Another strategy is
to select crop species which grow well in Cd contaminated soil and transport less Cd to edible plant
parts. This method has been applied successfully to
durum wheat [17]. In future research, we need to focus on the genetics which control the Cd and Zn
transporters in wheat.
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ABSTRACT

nigrum L., Sorghum halepense (L.) Pers. and
Xanthium strumarium L. [2-4]. Nicosulfuron (NS)
rapidly penetrates to weeds via leafs after its application. Then, development of weeds halts and leafs
transform to red-purple color. Weeds turn yellow and
dry among 15-20 days [3, 4@. The indiscriminate use
of various pesticides or herbicides in agriculture has
caused environmental contamination and changes in
genetic structure of organisms in the environment >58@. Regular application of herbicides in agricultural
practices is a potential threat to genetic constitution
of crop plants and animals [7]. Therefore, investigating the potential genotoxic effects of herbicides both
on use for or against the plants have an importance.
In this manner, PCR performed RAPD and ISSR primers for detecting the genotoxicity of herbicide
treated plant systems are gave reliable, evaluable and
significant outcomes.
To date, there is not any study about genotoxic
effects of NS herbicide on Z. mays. In this study, it
is aimed to investigate the potential genotoxic effects
of the herbicide on Z. mays, using RAPD and ISSRPCR techniques supported by morphologically investigations on germinated maize grains root tip cell
nucleuses.

Nicosulfuron (NS) is a chemical substance extensively used on maize (Zea mays L.) production as
weed-killer (herbicide). It is very effective and destructive on weeds, but genotoxic effects of this
herbicide on Z. mays has not been investigated. It is
aimed with this study to investigate the genotoxic effects of NS herbicide on roots of germinated Z. mays
grains. The NS was performed different doses (50,
125, 250, 500 and 750 ppm) during 24, 48 and 72
hours. DNA isolation from root samples was carried
out using the CTAB method. DNA fragments from
Z. mays genome were amplified by PCR technique
using RAPD (Random Amplified Polymorphic
DNA) and ISSR (Inter Simple Sequence Repeat) primers. In addition, root terminal cells of Z. mays were
stained using 2% orcein and morphologies of cell nucleuses were investigated. Analyzed electrophoresis
profiles of RAPD and ISSR-PCR have clearly indicated some changes such as the appearance of new
bands or disappearance of bands as compared to the
control. RAPD and ISSR-PCR analyses were clearly
revealed that NS causes serious DNA sequence
changes on Z. mays genome. Additively, some nuclear alterations were observed like micronuclei, irregular nucleus, nuclear buds, etc. depending on the
increase of herbicide dose and exposure times.

MATERIALS AND METHODS
Preparation of Plant and Herbicide Material. It was used commercially obtained maize grains
(7X÷ED/WG&RPSDQ\$\GÕQ7XUNH\) preferred in
maize industry as plant material in Turkey. Maize
grains were germinated in the sterile petri dishes using filter paper wetted with sterile water at room temperature. The germinated maizes had about 1 cm root
length were used by herbicide treatments. Nicosulfuron herbicide (Baturam, Pileryum Ltd. Company,
Turkey) was diluted with sterile distillated water at
different concentrations in 50 ppm, 125 ppm, 250
ppm, 500 ppm and 750 ppm. Each concentration was
performed for 24 h, 48 h and 72 h. The control test
was performed with only sterile water. Maize roots
were stored at -20oC for DNA isolation until use. For
cell staining, maize root tips were stored in fixative
solution (3:1 ethanol, glacial acetic acid) at +4oC.

KEYWORDS:
Nicosulfuron, Zea mays L., Genotoxicity, ISSR-PCR,
RAPD-PCR, Orcein cell stain.

INTRODUCTION
Nicosulfuron (2-(4,6-dimethoxypyrimidin-2ylcarbamoyl sulfamoyl) - N, N-dimethylnicotinamide) is an herbicide often used in maize farming
[1]. It is a selective herbicide used against harmful
plants in maize fields as annual or perennial grassy
weeds and some broad-leaf weeds plants like Amaranthus retroflexus L., Chenopodium album L., Digitaria sanguinalis (L.) Scop., Echinochloa crus-galli
(L.) P. Beauv., E. colonum (L.) Link, Portulaca
oleracea L., Setaria viridis (L.) P. Beauv., Solanum
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TABLE 1
RAPD primers tested for amplification of maize genomic DNA.
Tested Primers
P-5
P-9
P-11
P-13
P-14
P-16
P-17
P-21
P-23
P-24

Tm (oC)
34
32
32
32
32
32
32
34
36
36

Primer Sequence (5'-3')
CTGCGACGGT
GGGAAGAGAG
GGCCGATGAT
ACCGCCTTGT
CAGCACTGAC
TGGTGGCCTT
GTAGCACTCC
ACGGTGCCTG
CGCCCAAGCC
CGCCCTGGTC

Appositeness
+
+
+

TABLE 2
ISSR primers tested for amplification of maize genomic DNA.
Tested Primers
ISSR-01
ISSR-02
ISSR-06
ISSR-10
ISSR-27
ISSR-829
ISSR-847
ISSR-861
ISSR-862
ISSR-866

Primer Sequence (5'-3')
AGAGAGAGAGAGAGAGG
GAGAGAGAGAGAGAGAT
GAGAGAGAGAGAGAGAC
GGGTGGGTTGGGGTG
GTGCGTGCGTGCGTGC
TCTCTCTCTCTCTCTCG
CACACACACACACACARC
ACCACCACCACCACCACC
AGCAGCAGCAGCAGCAGC
CTCCTCCTCCTCCTCCTC

DNA Isolation. Maize roots stored at -20oC
were ground to fine powder and transferred to eppendorf tubes. Total genomic DNA was extracted from
root tips by a modified hexadecyltrimethyl ammonium bromide (CTAB) method [9]. The quantity and
quality of DNA were determined by using a
Nanodrop Spectrophotometer (Shimadzu, Kyoto, Japan). DNA samples were diluted with sterile distilled
ZDWHUWRQJȝ/

Tm (oC)
52.8
50.4
52.8
58.8
59.4
52.8
53.7
60.5
60.5
60.5

Appositeness
+
+
-

72°C for 7 min. PCR reactions were repeated twice
to ensure reproducibility of amplified products. The
PCR products were separated on a 1.3% agarose gel
FRQWDLQLQJHWKLGLXPEURPLGH ȝJP/ DQGSKR
tographed with the Gel Logic 212Pro imaging system (Carestream, USA). Molecular weights of PCR
products were estimated using a 100 bp DNA Ladder
(Fermentas).
ISSR-PCR Analysis. ISSR analysis was performed according to the method of Wongsawad and
Peerapompisal [11]. ISSR-PCR analysis was performed according to the sequences obtained from the
University of British Columbia (Canada). For selection of suitable primers, an initial primer screening
was carried out with 10 primers after screening. Two
primers amplified clear, reproducible and unique
polymorphic banding patterns and they were used for
further analysis (Table 2).
Amplification of ISSR fragments from Z. mays
genomic DNA was performed in a total reaction volume of 25 ȝl containing 8 ng of template DNA, 1×
Taq polymerase reaction buffer, 1.5 mM MgCl2, 0.1
mM each of dNTPs (dATP, dCTP, dGTP, and
dTTP), 0.2 mM primer and 1 U of Taq DNA polymerase (FIREPol, Solis BioDyne). Amplifications
were performed in Thermo Arktik Thermal Cycler
(Thermo Scientific): 4 min denaturation at 94oC and
45 cycles of 45 sec each denaturation at 94oC, 50 sec
annealing at 47-60.5oC (primer depended) for ISSR
amplification, and a 1.5 min extension at 72oC, followed by a final extension at 72oC for 7 min. PCRamplified fragments were separated on 1.2% agarose

RAPD-PCR Analysis. RAPD analysis was
performed according to the method of Williams et al.
[10]. A set of 10 random 10-mer primers was purchased from Thermo Inc. (Burlington, MA, USA).
For selection of suitable primers, an initial primer
screening was carried out with these primers after
screening. The three primers (Table 1) produced
clear, reproducible, unique polymorphic banding
patterns and generated RAPD profile variations that
displayed the band intensity, disappearance of bands
and appearance of new bands of amplified DNA in
the NS-treated genomic DNA samples.
3&5DPSOLILFDWLRQVZHUHSHUIRUPHGLQȝ/RI
reaction mixture containing 10 ng of template DNA,
1×Taq polymerase buffer and 1 U of Taq polymerase
(FIREPol, Solis BioDyne, Estonia), 1.5 mM MgCl2,
1 m0 G173 DQG  ȝ0 RI SULPHU $PSOLILFDWLRQV
were carried out in Thermo Arktik Thermal Cycler
(Thermo Scientific, USA) that was programmed for
the initial denaturation step 85oC for 15 sec, 95oC for
5 sec and at 92°C for 1 min 55 sec, followed by 45
cycles of 95°C for 5 sec, 92°C for 55 sec, 32-36°C
for 1 min, 72°C for 2 min, and a final elongation at
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gel containing ethidium bromide (0.5 ȝg/mL). Gels
were visualized under UV light and digitally photographed with Gel Logic 212Pro imaging system
(Carestream). Molecular weights of ISSR-PCR
products were estimated using a 100 bp DNA Ladder
(Fermentas).

of the herbicide. Three RAPD primers (p16, p23 and
p24) produced unique polymorphic banding patterns
among 10 primers. Analysis of electrophoresis profiles of these three primers in the NS-treated genomic
DNA samples indicated apparent changes such as the
appearance of new bands or disappearance of bands
as compared to the control (Figure 1). Also, the variation observed in RAPD profiles, time and concentration-dependent. Depend on RAPD analysis results
it was detected that NS caused DNA damages in genome of maize root cells. Higher plants are recognized as excellent genetic models to detect effects of
all environmental mutagens or pesticides and are frequently used in monitoring studies [6, 7, 13-15].
RAPD-PCR technique has been used successfully to
detect various types of DNA damage and mutations
in organisms induced by various types of contaminants [16-18]. Furthermore, many studies have reported that the RAPD assay is more sensitive than
classic tests such as the comet and micronucleus assay, as RAPD analysis is capable of detecting temporary DNA changes at lower concentrations of pollutants [19-21]. RAPD also shows to be a powerful
means of detecting a broad range of DNA damage
due to environmental contaminants [22].

Cell Staining. The fixed maize root tips were
stained with 2% orcein dye for 10 min and slightly
squashed to accomplish a better spreading of the material over the slide. The material was analyzed in
light microscope and digitally photographed (Olympus BX51 binocular light microscope, with 1000
magnification). The mitotic index (MI) was calculated by number of cells which undergone mitotic divisions divided by total cells in a microscopic field
into 100 >12@.

RESULTS AND DISCUSSION
Due to the usage of NS herbicide on maize
farming, commercial maize (Z. mays) was preferred
as model organism to detection of genotoxic effects

FIGURE 1
The RAPD banding patterns amplified with p16, p23 and p24 primers from maize genomic DNA.
M: 100bp DNA ladder (Fermantas), PC: positive control, NC: negative control. The appearance of new bands or disappearance
of bands as compared to the positive control were showed with white arrows.
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technique is very popular in genotoxicity analyses.
PCR-based molecular markers are widely used as
tools to detect and characterize soma-clonal variations and induced mutations at the genome level
[25]. Especially in the mutation breeding, ISSR-PCR
technique provides a reliable and rapid detection
means for the screening of mutants [26]. ISSR-PCR
technique is a popular analysis method recently used
in detection of DNA damage and alterations in organism genome exposed to hazardous materials.
Therefore, we performed this technique for supporting and confirmation of our RAPD-PCR results.
ISSR-PCR technique is more sensitive and reproducible to study polymorphism induced by environmental stress [27, 28]. Bajpai et al. >28@ used ISSR-PCR
technique for investigation of chromium (+VI) genotoxicity in Pyxine cocoes. Genetoxic effects of
glyphosate herbicide on Bulinus truncates were investigated by Bakry et al. >29]. It was declared that
the changes in the number, position and intensity of
DNA bands induced by glyphosate herbicide may be
attributed to the fact that the herbicide can induce
genotoxicity through DNA damage. Similarly, the
changes in the ISSR banding pattern between control
and NS-treated groups were obvious, including the
changes in the number, the position and the intensity
of the bands. Therefore, we propose that NS causes
DNA damages in genome of maize root cells. This
result was supported with results of the other molecular technique (RAPD-PCR analyses) in the present
study.

There are plenty of RAPD-PCR-based studies
about detection of genotoxic effects of pollution
agents on plants or animals. Aslam et al. >23@ shown
genotoxic effects of heavy metal cadmium on Capsicum annuum L. plant (an important spice crop of
India) using RAPD-PCR method. Ghosh et al. >24@
preferred analyses of RAPD band profiles for detection of genotoxicity of multi-walled carbon nanotube
on Allium cepa root cells. Salem et al. >22@ declared
that use of RAPD-PCR technique is an advantage
and first evidence in detection of fish genotoxicity
induced by heavy metals from landfill leachates.
Mentioned studies are supportive for the present
study and the preference of RAPD primers to detecting an herbicide genotoxicity is an advisable approach.
ISSR-01 and ISSR-861 primers produced
unique polymorphic banding patterns among 10 primers. The amplified ISSR banding profiles of NStreated maize genomic DNA showed a consistent increase in appearance and disappearance of bands
with increasing concentration of the herbicide (Figure 2). There are some changes in the ISSR banding
patterns between control and NS-treated groups as
changes in the number, the position and the intensity
of the bands. The banding profile alterations had an
increase according to the exposure time of herbicide.
Accompanied by these alterations support that NS
causes DNA damages in the genome of maize root
cells. The ISSR-PCR evaluations are supported by
RAPD-PCR results. Recent studies show that ISSR

FIGURE 2
The ISSR banding patterns amplified with ISSR-01 and ISSR-861 primers from maize genomic DNA.
M: 100bp DNA ladder (Fermentas), PC: positive control, NC: negative control. The appearance of new bands or disappearance
of bands as compared to the positive control were showed with white arrows.
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FIGURE 3
Nuclear alterations induced by nicosulfuron herbicide.
A: control group, B: 125 ppm test group B1: irregular nucleus (24h), B2-B4: nuclear bud formed by excess material (48h), B5B6: irregular nucleus, B8: nuclear bud (72h), C: 250 ppm test group, C1: irregular bud (24h), C2-C3: micronucleus with nuclear
bud (48h), C4: abnormal mitosis, micronucleus and mini cell formations (72h), D: 500 ppm test group, D1: irregular nucleus
like kidney and nuclear bud (24h), D2-D3: nuclear buds (48h), D4: micronucleus formation (72h), E: 750 ppm test group, E1E2: irregular nucleus and nuclear bud (24h), E3-E4: micronucleus formation and nuclear bud (48h), E5: irregular nucleus, E6:
nuclear bud like kidney, E7: micronucleus formation, E8: micronucleus (72h).

all exposure times of these concentrations. The irregular nuclei were different formations as horn (Figure
3: B4, B6, D2, D3, E5), kidney (Figure 3: D1, E6)
and horseshoe (lobated nucleus) (Figure 3: E3, E4,
E7). It is determined a significant augmentation in

The nuclear morphological alterations characterized by the presence of irregular nuclei, nuclear
buds and micronuclei were observed (Figure 3). Irregular nuclei and nuclear buds were observed in
herbicide concentrations between 125-750 ppm, and
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the frequency of nuclear alterations, according to increase in concentration and time. Micronucleus formation had observed since 250 ppm concentration.
Also, it was observed that frequency and number of
micronucleus in root cells increased according to as
the gradual increase in concentration and exposure
time to NS herbicide (Figure 3). The evaluation of
nuclear abnormalities, along with the chromosome
aberrations, has shown to be a sensitive analysis, for
making the investigation of test agent actions even
more accurate in relation to their effects on the DNA
of exposed organisms. The presence of lobulated nuclei and polynuclear cells can indicate a cell death
process >13@. Also the alterations such as micronuclei can be and their induction is commonly used to
detect genetic damages derived from exposure to a
mutagenic agent [5]. Micronuclei tests are considered one of the most promising tests for the evaluation of environmental mutagenicity, since it is efficient, simple and fast [5, 30, 31]. It is known that the
micronuclei analysis is a sensitive method to detect
environmental mutagens [30, 31, 32].
It observed that the nuclear morphological alterations characterized by the presence of irregular
nuclei, nuclear buds, and micronuclei as shown in
Figure 3. Irregular nuclei and nuclear buds were observed in herbicide concentrations between 125-750
ppm, and all exposure times of these concentrations.
The irregular nuclei were different formations as
horn, kidney and horseshoe (lobated nucleus). Similar formations were showed by Fernandes et al. [5,
6]. It is determined with present study a significant
augmentation in frequency of nuclear alterations, according to increase in concentration and time. Micronuclei formation had observed since 250 ppm concentration. Also it was observed that frequency and
number of micronucleus in root cells increased according as the gradual increase in concentration and

exposure time to NS herbicide (Figure 3). Fernandes
et al. >6@ observed a concentration-dependent increase in frequency of micronucleus and nucleus alterations. Micronuclei analysis has been considered
by many authors as the most effective and simplest
endpoint to analyze the mutagenic effect promoted
by chemicals [30-32]. According to Leme et al. >13@,
this is due to the fact that micronuclei result from
damages, not or wrongly repaired, in the parental
cells, being easily observed in daughter cells as a
similar structure to the main nucleus, but in a reduced
size. Thus, micronuclei arise from the development
of some chromosome aberrations, for instance, chromosome breaks and losses.
After the MI results were analyzed, a concentration-dependent MI inhibition was observed. This
is indicated the cytotoxic potential of NS herbicide
in maize. MI was the lowest (8.25) at the 750 ppm
concentration and 72 h. With increasing concentration and exposure time of the NS herbicide, concentration and time dependent decrease in the mitotic index was noticed. The effect of NS herbicide concentration and exposure time on mitotic index was significantly different for 50, 125, 250, 500 and 750
ppm as compared to the control (Figure 4). The decrease in mitotic activity probably indicates mito-depressive effect of NS herbicide.
Pesticides tend to be very reactive compounds
that can form covalent bonds with various nucleophilic centers of cellular biomolecules, including
DNA [32]. The interactions between herbicides and
DNA molecule may cause various nuclear anomalies
in plant cells. It is clearly showed that NS herbicide
causes some nuclear anomalies in maize root tip
cells.

FIGURE 4
Mitotic index decreasing of Allium cepa root tips control and nicosulfuron herbicide treated groups
(for 48 and 72 hours with 50, 125, 250, 500 and 750 ppm).
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[2] ISK User Manual, Ishihara Sangyo Kaisha Ltd.,
1-3-15 Edobori, Nishi-ku, Osaka 550-0002.
https://www.iskweb.co.jp/eng/products/pdf/nicosulfuron.pdf. 13.12.2015.
[3] Edison 8VHU 0DQXDO *RNHU 7DUÕPVDO 6XO
eyman Bey Mah. Mimar Sinan Cd. No: 27/12
Yalova/Turkey. http://gokertarimsal.com/urun/
Tarimsal-ilaclar-Herbisitler-EDiSON-Nicosulfuron-40-gl-328.html. 13.12.2015.
[4] Kalson User MDQXDO $JUREHVW *URXS 7DUÕP
,ODFODUL7RK,PO,WK,KU6DQYH7LF$ù$W
atürk Mah. Kazim Karabekir Cad. No: 61 Ulucak Mevkii 35735 Kemalpasa-Izmir/Turkey.
http://www.agrobestgrup.com/ilac.php?dilkod=&ilacid=86&kat=ka
lson. 13.12.2015.
[5] Fernandes, T.C.C., Mazzeo, D.E.C. and MarinMorales, M.A. (2007) Mechanism of micronuclei formation in polyploidizated cells of Allium
cepa exposed to trifuralin herbicide. Pesticide
Biochemistry and Physiology. 88, 252±259.
[6] Fernandes, T.C.C., Mazzeo, D.E.C. and MarinMorales, M.A. (2009) Origin of nuclear and
chromosomal alterations derived from the action of an aneugenic agent²Trifluralin herbicide. Ecotoxicology and Environmental Safety.
72, 1680-1686.
[7] Sharma, S. and Vig, A.P. (2012) Genotoxicity
of Atrazine, Avenoxan, Diuronand QuilazofopP-ethyl herbicides using the Allium cepa Root
Chromosomal Aberration Assay. Terrestrial and
Aquatic Environmental Toxicology. 6, 2, 90-95.
[8] Goujon, E., Sta, C., Trivella, A., Goupil, P.,
Richard, C. and Ledoigt, G. (2014) Genotoxicity
of sulcotrione pesticide and photoproducts on
Allium cepa root meristem. Pesticide Biochemistry and Physiology. 113, 47±54.
[9] Doyle, J.J. and Doyle, J.L. (1990) Isolation of
plant DNA from fresh tissue. Focus. 12, 13-15.
[10] Williams, J.G.K., Kubelik, A.R. and Livak, K.J.
(1990) DNA polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic Acids Research. 18, 6531-6535.
[11] Wongsawad, P, Peerapornpisal, Y. (2014) Molecular identification and phyto-genetic relationship of green algae, Spirogyra ellipsospora
(Chlorophyta) using ISSR and rbcL marker.
Saudi J Biol Sci. 21,505±10.
[12] Fiskesjo, G. (1997) Allium test for screening
chemicals; evaluation of cytologic parameters.
In: Wang, W., Gorsuch, J.W., Hughes, J.S.
(eds.) Plants for environmental studies. Boca
Raton, New York: CRC Lewis Publishers, 308.
[13] Leme, D.M. and Marin-Morales, M.A. (2009)
Allium cepa test in environmental monitoring: A
review on its application. Mutation Research.
682, 71-81.

CONCLUSIONS
Herbicides are used extensively to improve
crop yields in conventional farming. Effective chemicals against different plant pathogens are extensively preferred. Use of high dose herbicide causes
contamination and accumulation in the environment
and may lead acute or chronic toxic effects in organisms. It is known that widespread use of herbicides
has caused serious health problems and fatalities in
the world. The induction of DNA damage with herbicides can potentially cause to adverse reproductive
outcomes in humans such as cancer and many other
acute or chronic diseases. Genetically damaged
crops may potentially have a negative effect on both
natural ecosystems and human health. It is not
known genotoxic effects of most synthetic herbicides on agricultural crops. The NS is a synthetic
herbicide and uses against weeds in maize farming.
It is detected that NS herbicide causes many alterations and aberrations on maize genomic DNA. This
determination was clearly supported by experimental
results using molecular and microscopy techniques.
Dramatically, genotoxic effect of NS was observed
in recommended using doses. Incorrect use of this
herbicide by farmers may increase the risk even
more. The seriously increase in genotoxic effect
level of highest dose (750 ppm) used in this study
verify the risk. Exposure time to herbicide is also an
important criteria caused increasing the DNA damage. Harmful effects of DNA damage occurred on
exposed organisms may continue even after stopping
the exposure. Dangerous effects of this herbicide on
genetic material may also threaten the other animals
feed with maize. It is suggested that NS use in low
concentration (<100 ppm) and control possible dose
accumulation through herbicide treatment. According to MI analysis results, the NS herbicide exhibited
cytotoxicity by decreasing the mitotic index in a dose
and time dependent manner. This proves that the NS
herbicide may have mito-depressive effect on maize.
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semiarid conditions.

Biodiversity is very important for plant breeding programs since they should be supplemented
and enriched with broad-based genetic materials.
Grasses and legumes extensively grow in rangeland
vegetation in Turkey. Crested wheatgrass is palatable perennial grass and provides good-quality herbage. It can be grown on rangelands and marginal
areas for hay production under semi-arid conditions. In this study, first, the genotypes of crested
wheatgrass were screened and tested for morphological and phenological characteristics on a nursery plot. Then, one advanced population with 18
lines, G-465, was identified as a promising variety
candidate, and regional trials were set up with the
advanced population and the country population
during the years from 2007 to 2010 in Yenimahalle
and Gölbaşı towns in Ankara province. The objective of these trials was to determine the adaptation
ability, and yield potential of the advanced population under semiarid conditions. All the data was
statistically analyzed and two genotypes features
were compared by the F test. The morphological
and agronomical features were examined comprising the height and diameter of the main stem, internode distance length and node numbers in the main
stem, length and width of flag leaf, and yields of
green herbage and hay. The green herbage and hay
yields of the advanced population were 4688.0 and
1172.0 kg ha 1 in Gölbaşı and 6245.0 and 1884.0 kg
ha 1 in Yenimahalle, respectively. The morphological cha-racters, i.e., the main stem length, main
stem diameter, length of internode, node numbers in
the main steam, flag leaf length and flag leaf width
of the advanced population and the country population were 53.6 cm, 56.9 cm; 2.0 mm,1.8 mm; 11.6
cm, 11.0 cm; 3.8, 4.3; 9.5 cm, 9.0 cm; 5.2 mm, 5.2
mm, respectively for Gölbaşı and 52.5 cm, 52.2 cm;
1.9 mm, 1.9 mm; 12.2 cm, 11.7 cm; 3.5, 3.3; 11.2
cm, 11.8 cm; 6.5 mm, 6.9 mm, respectively for
Yenimahalle.
Correlation analysis was undertaken, and hay
yield was found to have a strong relationship with
the main stem length, length of internode, flag leaf
length, flag leaf width and green herbage yield. The
results of the trials indicated that the advanced
population was promising for yield potential under
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Crested wheatgrass, morphological characteristics, agronomical characteristics, correlation analysis.



$" %$ 

The indigenous genetic resources have been
used for various improvements in hay production,
grazing and rehabilitation of degraded areas. Genetic resources in the rangelands of Central Anatolia
have a rich biodiversity including legumes and a
variety of grasses such as wheatgrasses, orchard
grass, fescues, Bermuda grass, and bromegrass.
Biodiversity and rich genetic resources are very
important for supplementing and enriching breeding
programs and creating the desired characteristics. In
this context, the collection and evaluation of regional and national genetic resources is essential for
variety enhancement.
Wheatgrass is one of the most important of the
grasses. It is a drought-resistant perennial species
and an excellent source of forage and habitat for
livestock and wildlife, and facilitates soil stabilization and watershed management [1]. This species
has adapted to a wide variety of conditions and
exhibits palatability, persistence under abuse, good
competitive ability, excellent seed production, ease
of establishment, and sufficient seedling vigor to
volunteer successfully [2, 3, 4, 5]. It has high yield,
good quality and resistance to grazing and trampling, and its seeds germinate well under low temperatures and are fast growing in the early-spring
period with excellent ability for soil protection [6,
7] Turkey is rich in native crested wheatgrass
which appears in locations such as Edirne province
in Thrace region, the Central Anatolian Region, the
provinces of Trabzon and Gümüshane in the Eastern-Black Sea Region, East Anatolia and the
Kahramanmaraş province in the Mediterranean
region [8]. From a survey of recent studies, crested
wheatgrass was found in the Ankara, Çankırı and
Kayseri provinces of the Central Anatolian Region
[9, 10, 11].
Crested wheatgrass has a great potential of
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development.

high quality forage production for farmers needing
animal grazing and hay production. These characteristics make this species particularly suitable for
the rehabilitation of degraded rangelands and establishment of artificial pastures in marginal fields and
fallow areas. All the objectives described above can
be achieved through the use of wheatgrass populations (natural materials and ecotypes) and registered
varieties.
For these reasons, breeding programs with a
wide range genetic resources should be designed,
implemented and completed [12]. Rumbaugh et al.
[13] stated that the germplasm of a breeding program can be extended with plant introductions and
similar exotic germplasms. The success or failure of
a variety breeding study is dependent on the choice
of method; therefore, breeders prefer to use their
own breeding method according to their own special conditions such as being easy, fast and cheap,
and requiring less labor. The use of a suitable
method provides fast material development for
various targets. Miller and Hanna [14] pointed out
that superior individuals can be selected or developed within natural ecotypes, or landraces, older
adapted cultivars, and germplasm pools created
(originating from domestic and foreign sources).
The same authors emphasized the presence of genetic diversity covering the essential characteristics
of the germplasm which must be also effectively
and efficiently evaluated, utilized, maintained and
stored by the breeder.
Mass selection is commonly used for crosspollinated crops such as grasses [6]. This method
has been applied as follows: (1) all plants of genetic
materials are seeded with a wide distance within
each other for screening their whole features, (2)
desired plants are identified and marked, (3) positive or negative selection is chosen to harvest the
plant seed, and (4) the seeds are sown in an isolated
area for production.
Advanced genotypes and registered varieties
of domestic genetic potentials should be used for
the needs of the end users. A germplasm breeding
program in Turkey consists of the enhancement of
some plant species for use in the rehabilitation of
the Central Anatolia Rangelands and is planned to
improve genetic resources and develop variety. The
program includes genetic material collection, seed
production, nursery plots, yield trials, and regional
trials in legumes and grasses. In this project, advanced lines were selected from the basic population in the crested wheatgrass of perennial grasses,
and then they were separately produced and harvested for both local and regional yield testing.
The current paper reports on the results of regional yield trials which were designed to identify
the morphological, and agronomical characteristics
in the crested wheatgrass advanced population, G465. Furthermore, the adaptation ability of this
population was tested in further use during variety

$"#$ #

The study materials were collected from the
natural flora in the Central Anatolian region and
from gene banks of İzmir, Ankara and Erzurum
Agricultural Research Institute [15]. The mass selection method was utilized for breeding the new
cultivars. At the beginning of this trial, a nursery
was found to screen the populations on morphological and phenological properties. Then, 18 lines
(advanced population, G-465) were selected from
one population (G-11) with tufted grass for the
examination of further aspects.
Yield experiments were conducted in a fallow field from 2007 to 2010 in the Central Research
Institute for the Field Crops. They were established
with the advanced population and the country population (control material) in a randomized complete
block design with eight replications in the
Yenimahalle and Gölbaşı towns in Ankara province. The seeds were sown by hand in a plot for
green herbage of 16.0 m 2 (3.2 m x 5.0 m), consisting of eight rows spaced at 40 cm. The harvested
plot size was 9.6 m2 . After seeding (on April 13,
2007 in Yenimahalle and on April 17, 2008 in
Gölbaşı), 18 kg N ha and 46 kg P2O5 ha 1 were
broadcast and mixed into the earth, and the soil
surface was pressed with a plowing roller.
When necessary, weed control was carried out
using hand hoeing. At the blooming period of each
accession, five or 10 plants were randomly selected,
and then sampled and measured. The morphological
properties (the main stem length (MSL), main stem
diameter (MSD), length of internode (LI), node
numbers in the main stem (NNMS), flag leaf length
(FLL), and flag leaf width (FLW)), and agronomic
properties (green herbage (GHY) and hay yields
(HY)) were determined. Then, 9.6 m2 of the 16.0
m2 plot was harvested for green herbage and samples (each 500g) were dried at 70 o C for 48 h. The
green herbage grown on the Yenimahalle and
Gölbaşı plots were cut during the following periods;
May 26, 2008 to May 23-25, 2009 and May 25-28,
2009 to May 31, 2010, respectively.
All data was analyzed in the Excel software
program of Microsoft Office 2010. The averages
were compared by the F test.
The soil of the experimental site in
Yenimahalle consists of a clay texture, and is neutral and poor in organic matter, but moderate in
lime content. The soil of Gölbaşı site is of a clay
texture, is slightly alkaline and poor in organic
matter, but high in lime content. Thus, the soil features of the two sites were different in terms of pH
and lime content [16].
Table 1 presents the total precipitation, average temperatures and average relative humidity
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$59(267,*0609(9054(;,7(.,9,36,7(9:7,8(4+(;,7(.,7,2(90;,/:30+09>-579/,,=6,703,49(28,(8548(4+
254.9,7304',403(/(22,(4+?2)(CA

Precipitation (mm)
Temperature (˚C)
Relative humidity (%)

2006-07
315.7
12.90
55.6

2007-08
295.8
12.80
54.8

Precipitation (mm)
Temperature (˚C)
Relative humidity (%)

2007-08
316.6
10.00
58.9

2008-09
417.6
10.00
70.4

Yenimahalle
2008-09
370.8
9.80
64.6
Gölbaşı
2009-10
360.3
11.80
66.2

Average
327.4
11.80
58.3

Long term
396.1
11.8
61.3

Average
364.8
10.60
65.2

Long term
395.5
10.1
73.4

$ 
(9(549/,8,2,*9,+3576/525.0*(26756,790,8*54*,7404.3(0489,32,4.9/*3(4+3(0489,3+0(3,9,7
33(99<525*(9054804  (4+  (4+9<5>,(7(;,7(.,8

Advance
genotype
Country
population
F(var) (0.05)
LSD (0.05)
F (year) (0.05)
F (var*year)
(0.05)

Main stem length
Yenimahalle
Ave.
2008
2009
Ave.

Main stem diameter
Gölbaşı
Yenimahalle
2010
Ave.
2008 2009 Ave.

2009

Gölbaşı
2010

65.3

41.8

53.6

38.8

66.1

52.5

2.2

1.9

2.0

1.7

2.0

1.9

66.7

41.2

56.9

40.5

63.9

52.2

2.2

1.5

1.8

1.8

2.0

1.9

0.9
3.4

0.1
4.3

0.1
2.1
577.3**

3.6
2.2

4.3
2.5

0.0
2.6
421.4**

0.1
0.1

69.0**
0.1

9.1**
0.1
78.9**

2.3
0.2

0.2
0.1

3.0
0.1
48.0**

1.1

2009

2.5

CV(%)
4.4
8.8
5.4
4.6
3.3
*, **Significant at 5 and 1 % probability levels, respectively

during the experimental seasons of 2006-2007,
2007-2008, and 2008-2009 in Yenimahalle, and
2007-2008, 2008-2009, and 2009-2010 in Gölbaşı.
The total precipitation and average relative
humidity in the Yenimahalle location were lower
than them in the Gölbaşı location; however, the
temperature was higher in Yenimahalle. The long
term average precipitation and temperatures were
396.1 mm and 11.8 oC in Yenimahalle (1975-2006)
and 395.5 mm and 10.1 oC in Gölbaşı (1990-2006).
The two locations received less precipitation during
the experimental seasons than the long term averages [17].


"#%$##%## 

576/525.0*(2 6756,790,8 (04 89,3
2,4.9/#*3 No significant differences were
observed between the advanced population and the
country population for MSL in the two-growing
season averages in Yenimahalle and Gölbaşı (Table
2). Hence MSL in Gölbaşı and Yenimahalle had
almost similar values.
The MSL of the advanced population and the
country population were 53.6 and 56.9 cm, respectively for Gölbaşı, and 52.5 and 52.2 cm, respectively for Yenimahalle. At the two locations, a high

6.7

11.0**
5.2

5.3

8.5

1.7
8.6

3.7

5.6

variation occurred in MSL over two years. The two
locations had higher MSL in 2009 than that in 2008
and 2010. Concerning the weather conditions for
these years, 2009 had higher precipitation and relative humidity and lower temperature than 2008 and
2010. These factors stimulated an increase in MSL.
In the current study, since there was no significant
difference between the populations in terms of
MSL, the population x year interaction did not also
change significantly. This trait is closely related to
GHY (0.495**) and HY (0.384*) in crested wheatgrass (Table 7).
In previous studies, plant height was found to
be 87-97 cm and 54-65 cm in 1999 and 2000, respectively [18]; 55.78 cm [19]; 79.28 cm (77.8081.09 cm) [20]; 57.54 cm (40.50-72.66) [21]; and
56.3-58.5 cm [22]. The data given above is similar
to or higher than the trials reported in this paper.
The weather conditions were previously found to
influence the year-to-year variation in the productivity of crested wheatgrass [23,24] . Therefore, it is
a very important indicator for selecting high-yield
genotypes at the beginning of breeding studies.
(04 89,3 +0(3,9,7 # 33 A large
difference (P<0.01) was observed between the advanced population and the country population for
MSD in 2010 in Gölbaşı and the two-year averages
(Table 2). No significant difference was found
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5+,4:3),78043(0489,3#In the
Gölbaşı location, significant differences (P<0.01)
were found for two populations in 2009 and 2010
(Table 3). The year (P<0.05) and the interaction
population x year (P<0.01) were found to be significant at the two-growing season averages in the
same location. In the Yenimahalle location, only
significant difference (P<0.01) in between two
years was found in the two-year analysis. The country population had more NNMS than the advanced
population in Gölbaşı. Conversely, the advanced
population had more NNMS than the country population in YM.
The NNMS of the advanced population and
the country population was 3.8 and 4.3, respectively
for Gölbaşı, and 3.5 and 3.3, respectively for
Yenimahalle. At both locations, there was a high
variation in NNMS between the two growing seasons. NNMS in 2009 was also higher than that in
2008 and 2010 at the two locations owing to higher
precipitation. NNMS were found to be 3.7-4.0 by
Unal and Mutlu [22]. Their data was similar to or
higher than the values presented in this study.

2(. 2,(- 2,4.9/  *3 There were no
significant differences in FLL between the populations in the two locations (Table 4). Significant
differences (P<0.01) were seen over the years in the
variance analysis of the two locations.
The FLL values of the advanced and country
populations were 9.5 and 9.0 cm, respectively for
Gölbaşı, and 11.2 and 11.8 cm, respectively for
Yenimahalle. There was an important difference in
FLL in between the two growing seasons for both
places. The highest FLL was obtained from 2009
due to higher precipitation and relative humidity
compared to 2008 and 2010. FLL had a strong
correlation with GHY (0.431*) and HY (0.601**)
(Table 7); thus, it presented as an important marker
for high yield. Unal and Mutlu [22] detected FLL to
be 8.4-9.4 cm, which is similar to or lower than the
result of the current study.

between the advanced population and the country
population in Yenimahalle.
The advanced population and the country
population had an MSD of 2.0 and 1.8 mm, respectively for Gölbaşı, and 1.9 and 1.9 mm, respectively
for Yenimahalle. A high variation was found between the two seasons at the two locations in MSD.
The two locations had higher MSD in 2009 than
that in 2008 and 2010, probably due to the much
higher precipitation in 2009. The population x year
interaction was observed to have a significant effect
(P<0.01) in the Gölbaşı location. The main reason
for this result was that the populations reacted differently to the regions.
In previous trials, MSD was reported as 2.12.7 mm [25], 2.15 mm [20], 2.39 mm (1.60-3.16
mm) [21], and 1.8-2.1 mm [22]. The previoustrials
values were the same as or higher than the values
presented in this paper.

,4.9/5-049,745+,*3No significant
differences were observed between the advanced
population and the country population in LI (Table
3). A high variation was seen over the years and the
two locations with the advanced population having
a longer LI than the country population.
The LI of the advanced and the country populations was 11.6 and 11.0 cm, respectively for
Gölbaşı, and 12.2 and 11.7 cm, respectively for
Yenimahalle. Due to the higher rainfall and lower
temperature, in 2009, LI was higher compared to
the 2008 and 2010 values at both locations. The
advanced population ranked first in all three years,
with no significant effect of the population x year
interaction. There was a strong correlation between
LI and MSL (0.564**), GHY (0.484 **), and HY
(0.478 **) (Table 7). Selecting genotypes with high
biomass and vegetative growth is very important in
the early seasons of breeding programs since it
increases time efficiency and accelerates the process. A similar result for LI of 11.4-13.2 cm was
measured by Unal and Mutlu [22], thus confirming
the similarity between their research and the current
study.


$ 
(9(549/,3576/525.0*(26756,790,85-9/,2,4.9/5-049,745+,33(4+45+,4:3),78043(0489,3(9
9<525*(9054804  (4+  (4+9/,9<5>,(7(;,7(.,8
Gölbaşı
2010

Length of internode
Yenimahalle
Ave.
2008
2009
Ave.

2009
Advanced
14.8
8.3
11.6
10.4
14.1
population
Country
14.2
7.9
11.0
10.4
13.0
population
F(var) (0.05)
0.9
0.6
0.9
0.0
0.7
LSD (0.05)
1.6
1.3
1.2
1.0
3.0
F (year) (0.05)
132.4**
F (var*year) (0.05)
0.0
CV(%)
9.0
13.8
14.0
7.9
18.9
*, **Significant at 5 and 1 % probability levels, respectively

2009

Node numbers in main stem
Gölbaşı
Yenimahalle
2010
Ave.
2008 2009 Ave.

12.2

4.2

3.4

3.8

2.8

4.1

3.5

11.7

4.3

4.4

4.3

2.8

3.8

3.3

0.7
1.2
27.2**
0.9
14.2

0.3
0.3

31.4**
0.4

0.0
0.2

5.3
0.3

6.1

9.4

16.5**
0.3
6.2*
12.3**
9.4
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(9(549/,3576/525.0*(26756,790,85--2(.2,(-2,4.9/*3(4+-2(.2,(-<0+9/33(99/,9<525*(90548
04  (4+  (4+9/,9<5>,(7(;,7(.,8
Flag leaf length
Flag leaf width
Gölbaşı
Yenimahalle
Gölbaşı
Yenimahalle
2009
2010
Ave. 2008 2009 Ave. 2009 2010 Ave.
2008 2009 Ave.
Advanced
12.2
6.7
9.5
10.0 12.5
11.2
6.1
4.4
5.2
6.3
6.8
6.5
population
Country
12.1
6.0
9.0
10.4 13.3
11.8
6.1
4.3
5.2
6.7
7.1
6.9
population
F(var) (0.05)
0.1
1.7
1.1
0.3
1.1
1.6
0.0
0.0
0.0
0.8
1.2
1.9
LSD (0.05)
1.7
1.2
0.9
1.8
1.9
1.0
0.7
0.4
0.5
1.1
0.6
0.5
185.8**
31.7**
64.8**
2.3
F (year) (0.05)
F (var*year)

0.3

(0.05)

CV(%)

11.7

16.2

12.9

0.2
15.4

12.2

11.9

0.0
10.2

7.0

11.8

0.0
14.1

7.7

10.7

*, **Significant at 5 and 1 % probability levels, respectively

2(. 2,(- <0+9/ & 33 No significant
differences were observed in FLW between the two
populations in Yenimahalle and Gölbaşı (Table 4).
FLW in Yenimahalle was higher than in Gölbaşı.
Significant differences (P<0.01) were seen over
years in the variance analysis for the Gölbaşı location.
The advanced population and the country
population had an FLW value of 5.2 and 5.2 mm,
respectively for Gölbaşı, and 6.5 and 6.9 mm, respectively for Yenimahalle. The weather, especially
the amount of precipitation, led to a higher FLW
value in 2009 than the other years. FLW was observed to have a strong relationship with GHY
(0.553**) and HY (0.700**) (Table 7), and thus it
was also an important indicator of high yield. Unal
and Mutlu [22] found that FLW was 4.9-6.0 mm,
which was similar to Gölbaşı but lower than the
data found in YM (6.5-6.9 mm).
Environmental factors influence leaf growth
(including FLL and FLW); in particular, it was
found that higher temperatures resulted in greater
leaf mass and leaf surface area for all species [26].
Moreover, increasing the photoperiod usually increased leaf length and sometimes leaf width, but
decreased the rate of production of leaves [27]. The
same author added that the rate of leaf appearance,
number of live leaves, number of activelyelongating leaves and leaf length were increased by
a high level of N and a high temperature, but a high
temperature reduced leaf width, and in some instances, tiller numbers.

7,,4/,7)(.,>0,2+'1./(  No statistical differences in GHY were found between the
advanced population and the country population in
Gölbaşı and Yenimahalle (Table 5). Significant
differences (P<0.01) were seen over the years at the
two locations. The advanced population and the
country population in GHY were 4688.0 and 5053.0

kg ha 1, respectively for Gölbaşı, and 6245.0 and
6009.0 kg ha 1, respectively for Yenimahalle.
Yenimahalle (location average, 6127.0 kg
ha 1) had higher GHY than Gölbaşı (location average, 4870.5 kg ha 1) according to the results of the
two-year variance analysis. At both locations, GHY
occurred significantly differed between the two
growing seasons. GHY in 2009 was higher than that
in 2008 and 2010 in both locations. GHY in 2009
was 9350.5 kg ha 1 in Yenimahalle and 8010.5 kg
ha1 in Gölbaşı, whereas the values observed in 2008
and 2010 were 2904.0 kg ha 1 in the former and
1729.5 kg ha1 in the latter locations. When the lower yield in the two places was accepted as 100%,
the increase rate by the effect of year in the other
two yield values were 322.0% and 463.2% in
Yenimahalle and Gölbaşı locations, respectively.
This may be explained by higher rainfall, relative
humidity, and lower temperature in 2009 [23, 24].
In a recent study, GHY was found to be
14852.5 kg ha 1 [20], which was a higher yield than
other studies. Other research gave results of GHY
being 4822.0-5458.0 kg ha 1in the same locations
[22]. Specific precipitation patterns accounted for
87% or more of the variation in forage yields of
crested wheatgrass grazed at different seasons [28].
The explanation for this variation may originate
from different sources of populations and various
ecological conditions.
(>>0,2+'1./( No statistical differences in HY were observed between the advanced
population and the country population in Gölbaşı
and Yenimahalle (Table 6). The HYs of the advanced population and the country population were
1172.0 and 1263.0 kg ha 1, respectively for Gölbaşı,
and 1884.0 and 1788.0 kg ha 1, respectively for
Yenimahalle. There was a significant difference
between the two growing seasons at both locations.
2009 (2003.0 kg ha 1in Gölbaşı; 2337.5 kg ha 1in
Yenimahalle) possessed higher HY than 2008 
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7,,4/,7)(.,>0,2+81./( (99/,9<525*(9054804  (4+  
Materials
Gölbaşı
Numbers of replication 8
2009
2010
Averages
Advanced population
7726.0
1648.0
4688.0
Country population
8295.0
1811.0
5053.0
F(var) (0.05)
0.4
0.4
0.7
LSD (0.05)
2023.0
608.0
900.0
F (year) (0.05)
210.5**
F (var*year) (0.05)
0.2
CV(%)
21.4
29.7
25.1
*, **Significant at 5 and 1 % probability levels, respectively

2008
3009.0
2799.0
0.4
813.0

Yenimahalle
2009
9482.0
9219.0
0.1
2174.0

23.7

19.7

Averages
6245.0
6009.0
0.2
1262.0
112.8**
0.0
28.0

$
(>>0,2+81./( (99/,9<525*(9054804  (4+  
Materials
Gölbaşı
Numbers of replication 8
2009
2010
Advanced population
1932.0
412.0
Country population
2074.0
453.0
F(var) (0.05)
0.4
0.4
LSD (0.05)
506.0
152.0
F (year) (0.05)
F (var*year) (0.05)
CV(%)
21.4
29.7
*, **Significant at 5 and 1 % probability levels, respectively

Averages
1172.0
1263.0
0.7
225.0
210.5**
0.2
25.1

2008
1398.0
1271.0
0.7
365.0
23.2

Yenimahalle
2009
2370.0
2305.0
0.1
543.0
19.7

Averages
1884.0
1788.0
0.2
402.0
27.0**
0.0
29.7

$
$/,*577,2(9054*5,--0*0,498),9<,,49/,3,(8:7,+*/(7(*9,70890*8
MSL
MSD
LI
NNMS
FLL
FLW
GHY
HY

MSL
1

MSD
0.608**
1

LI
0.564**
0.412*
1

NNMS
0.575**
0.364*
-0.064
1

FLL
0.194
0.434*
0.512**
-0.287
1

FLW
0.28
0.402*
0.556**
-0.293
0.907**
1

GHY
0.495**
0.150
0.484**
-0.142
0.431*
0.553**
1

HY
0.384*
0.164
0.478**
-0.241
0.601**
0.700**
0.947**
1

Correlation is significant at 0.01 level (2-tailed)
(1334.5 kg ha 1in Yenimahalle) and 2010 (432.5 kg
ha 1 in Gölbaşı). When the weather conditions were
examined for the trial years, 2009 had higher precipitation, relative humidity, and lower temperature
compared to 2008 and 2010. This influenced the
year-to-year variation in HY of crested wheatgrass
[23, 24]. When the lower yield was accepted 100%,
the increase rate by the effect of year was calculated
as 463.1% in Gölbaşı and 175.2% in Yenimahalle.
According to Altin [29] the proportion of
crested wheatgrass was 3066.0 kg ha 1 in hay yield.
In a perennial grass mixture, the hay yield was
1374.0 kg ha 1 [30]. Later, hay yields contained
from 420.0 to 2136.0 kg ha 1crested wheatgrass
[31]. Other research showed hay yields of 3008.0
kg ha 1 (1955.0-4061.0 kg ha 1) [32], 6274.1 kg ha 1
[20], and 1206.0-1365.0 kg ha 1 [22]. Hay yield was
found to be 3880.3 kg ha 1 by Gökkuş et al. [19].
Furthermore, it displayed a wide variation relevant
on cultivar, year and location impacts. White and
Wight [33] emphasized that crested wheat grass had
the high competitive ability.

When the results of the current study conducted in 2008-2010 were compared to the data from
previous trials, a wide variation appeared which
was related to the populations and environmental
factors.
Breeding studies always need to have high genetic variation using expanding new materials originating from home and abroad. Otherwise, the narrow genetic variability within native species in
forage yields may also be reflected in the collections of the limited geographic area [34]. Breeding
studies have advised that this problem can be resolved by more diverse collections in an area.
577,2(9054 *5,--0*0,498 Yield is the most
important factor, especially GHY and HY. In this
study, the factors that affected the yield were determined by available statistical methods. The relationships between the measured crop characteristics
were observed to be variable. The correlation coefficients were calculated to measure the relationships
between these characteristics (Table 6). HY was
found to have a high significant correlation with
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MSL, LI, FLL, FLW and GHY. These characteristics were tested to detect the extent of the yield of
the populations. Albayrak and Ekiz [35] pointed out
that MSL was one of the important characteristics
for high HY in crested wheatgrass. A high correlation coefficient (0.893**; 0.492 *) was also determined between MSL and HY [22, 36]. The characteristics given above should be taken into consideration in terms of the high HY varieties of crested
wheatgrass in breeding programs.
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This study investigated the morphological, and
agronomical characteristics in the advanced population and the country population. The morphological
characters, i.e., MSL, MSD, LI, NNMS, FLL and
FLW of the advanced population and the country
population were 53.6 cm, 56.9 cm; 2.0 mm,1.8 mm;
11.6 cm, 11.0 cm; 3.8, 4.3; 9.5 cm, 9.0 cm; 5.2 mm,
5.2 mm, respectively for Gölbaşı, and 52.5 cm,
52.2 cm; 1.9 mm, 1.9 mm; 12.2 cm, 11.7 cm; 3.5,
3.3; 11.2 cm, 11.8 cm; 6.5 mm, 6.9 mm, respectively for Yenimahalle. GHY and HY of the advanced
population were 4688.0 and 1172.0 kg ha 1 in
Gölbaşı, respectively and 6245.0 and 1884.0 kg ha 1
in Yenimahalle, respectively. These results showed
that the advanced population had similar yield potential to the country population. The yield values
varied according to the locations and years.
The measured characters were analyzed by the
correlation coefficients to identify their relationships to each other. High-level relationships were
found between HY and other characteristics (MSL,
LI, FLL, FLW and GHY). This information is valuable to determine which high yield plants should be
selected from plants in nursery plots at the beginning of a breeding study.
As a result, the advanced population had a
good adaptation ability and high yield potential
under non-irrigated conditions in the semiarid environment.
Further studies can be conducted to investigate
the improvement of a new variety for semi-arid
conditions. It is also suggested that ongoing breeding programs should be supported and enriched
with wide genetic resources to ensure that the populations remain active and vigorous.
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itself and as rainfalls percolated through the waste
materials layers as well as the decomposition of
organics of municipal solid waste (MSW) in the
sanitary landfills[1]. It always characterized by high
content of ammonia nitrogen (NH4+-N), heavy
metals, organic pollutants (biodegradable or refractory to biodegradable), chlorinated organic and
some other inorganic salts[2]. Biological degradation is the most prevalent technology used for the
treatment of landfill leachate and is often used as a
preferred process due to its low cost[4]. However,
biological degradation alone cannot treat landfill
leachate efficiently, and the effluent produced by
such treatment methods does not always meet the
national discharge standards0. In addition, during
operation of landfills, the COD value and ammonium nitrogen concentration increase and the biodegradability of organic pollutants decreases, and
meanwhile the C, N, P ratio becomes imbalanced
[5]. These results would lead to the biological technology being more difficult to effectively treat
landfill leachate alone. Therefore, biodegradation is
usually used in combination with other technologies
for the treatment of landfill leachate since it is difficult to obtain a satisfactory treatment efficiency
using individual treatment methods[7].
Typical homogeneous advanced oxidation
processes (AOPs), including O3/UV, O3/H2O2,
UV/H2O2, H2O2/Fe2+ (Fenton) as well as photocatalytic oxidations (PCOs), have been proposed by
Gaze in 1987 for overcoming disadvantages (low
oxidation performance and selectivity for pollutants
removal) of the singly use of conventional oxidants
(O3, H2O2, Cl2), and the excellent treatment effect
have drawn increasing attention from researchers
worldwide[8]. The mechanism of them all are the
high oxidation efficiency of hydroxyl radicals
(·OH)[15].
In recent years, a more effective method,
based on sulfate radical (SO4· -) AOPs from the
break of -O-O- bond in the persulfate anion (S2O82-)
for the advanced treatment of mature landfill leachate, has been applied more in the field of industrial
or pharmacy wastewater treatment, but it is rarely
reported in landfill leachate treatment. Owing to the
higher oxidation - reduction potential (E0=2.5~3.1

ABSTRACT
Biological technology is the most preferred
and most widely used approach for landfill leachate
treatment. However, after treatment, there are residual persistent pollutants in the effluent, which
required for remediation prior to discharge into
environmental media. The use of transition metal
ion to activate persulfate (PS) for the generation of
sulfate radicals (SO4· -) was adopted to investigate
the oxidation efficiency of Fe2+/Na2S2O8 system on
the removal of chemical oxygen demand (COD)
and color in the leachate biochemical effluent samples. The effects of different variables on the oxidation efficiency, including oxidant dosage, catalysts
dosage, pH value, and reaction time, were optimized by the orthogonal experiment. The influence
degree of various factors was shown as following:
Na2S2O8 dosage ! pH ! Fe2+ dosage ! reaction time.
The COD and color removal were 60% and 95%
when the optimal conditions were 4.0g/L Na2S2O8
dosage, 1 g/L Fe2+ dosage, pH 4, and 12 h reaction
time. Through the analyses of three-dimensional
excitation-emission matrix fluorescence spectrum
(3DEEMFS), ultraviolet-visible spectra (UV-vis),
and Fourier Transform infrared spectroscopy
(FTIR), it can be found that the aromaticity and
substituent groups of the organic pollutants in the
wastewater sample were lessened in a large part
after the treatment of Fe2+/Na2S2O8 system. The
activation of PS with Fe2+ was an alternative technique for the treatment of leachate biochemical
effluents, and a good removal efficiency of COD
and color would be achieved under the optimal
conditions.
KEYWORDS:
Leachate biochemical effluent, Sulfate radicals, Spectrum
analysis, Orthogonal experiment

INTRODUCTION
Landfill leachate, as a potential threating to
natural water bodies, is a combination of rainfalls
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eV) and longer half-life (4 sec) of SO4· - than that of
·OH (2.7 eV), the enough contact time with contaminated matters can be ensured and it is easier to
achieve further pollutants degradation[16].
Peroxy-monosulfate (PMS) or persulfate (PS)
is the main source of the SO4-·, but PS is used more
often in the laboratory. However, either PMS or PS,
both contained S2O82-, which is a strong oxidant
(E0=2.01 eV)[17]. As a result of the limited amount
of SO4-· generated from the dissolution of PMS or
PS, the reaction between the SO4· - with many organics is a kinetically slow process[18]. Kehinde
and Abdul Aziz[19] investigated that the COD
removal of the textile waste water was only 32%
via persulfate oxidation solely under the optimal
conditions at the ambient temperature. The result
indicated that the single persulfate oxidation has no
significant effect on the removal of COD. Thus,
many methods, like thermally, UV light, transition
metal ions and so on, are used to activate persulfate
for more generation of SO4·- and further for high
COD removal efficiency[20].
In this study, SO4· - was generated from the activated persulfate by ferrous ion (Fe2+) for the
treatment of effluents from biochemical process in
the sanitary landfill (eq. 1~3).
(1)
S2O82-+Fe2+ĺ)H3++SO4· -+SO42SO4· -+e-ĺ6242(2)
(3)
SO4· -+Fe2+ĺ6242-+Fe3+
With the comparison with other metallic compounds, the iron compounds are easy to obtain for
the reason of abundant iron reserves in the earth,
which saved the cost of reagents. Moreover, the
whole activated experiment have been taken place
at the ambient temperature, instead of thermally or
UV light activations, so that it can be applied in a
large scale for the removal of COD, color and ammonia nitrogen in the sanitary landfill as an advanced treatment of biochemical effluents. Experimental parameters such as oxidant dosage, catalysts
dosage, pH, and reaction time were optimized by
the orthogonal experiment and determined. In addition, the kind of organics and their structures contained in the leachate samples were evaluated using
techniques of 3DEEMFS, UV-vis, and FTIR.

wastewater samples in this study. It was brown with
a pungent smell. Typical characteristics of the landfill leachate are as follows: COD 800-1400 mg/L,
color 640-720 times, pH 6-8, and ammonia nitrogen
350-450 mg/L.
Reagents and solutions. Sodium persulfate
(Na2S2O8, 98% purity) was obtained from the Sinopharm Chemical Reagent Co., Ltd. (China). Ferrous sulfate heptahydrate (FeSO4·7H2O) was purchased from the Nanchang Changxing Industrial
Co., Ltd. (China). Sodium hydroxide (NaOH, 99%
purity) was purchased from Jiangxi Shilong Industrial Co., Ltd. (China). Concentrated hydrochloric
acid (HCl, 35%) was purchased from the Wuxi
Lihong Chemical Products Co., Ltd. (China).
A solution of NaOH (25% Wt) was prepared
by dissolving 25 g NaOH in distilled water. Dilute
hydrochloric acid (HCl, 10% Wt) was prepared
through adding 200 g 35% Wt HCl to 500 g distilled water. Both of them were applied for the
adjustment of the wastewater samples.
All reagents used were analytical grade and
distilled water was applied for preparing all aqueous solution.
Activated procedures. The experiments of
ferrous ion (Fe2+) activation were carried out in a
water bath oscillator (model SHA-C, China). First,
100 ml effluents of landfill leachate from biochemical process were took out as a sample and placed in
a 250 ml conical flask. Then the initial pH of leachate sample was adjusted using the prepared base
(NaOH) and acid (HCl). Second, (0.1 g, 0.15 g, 0.2
g, 0.25 g, 0.3 g, 0.35 g, 0.4 g, and 0.5 g) Na2S2O8,
as an oxidant, were dosed into the leachate and
mixed quickly with leachate samples. The mixed
solution which subsequently added (0.05 g, 0.1 g,
0.2 g, 0.4 g, and 0.6 g) FeSO4·7H2O were then
placed in the water bath oscillator for oscillation.
After oscillation for a given hours (2 h, 4 h, 6 h, 8 h,
10 h, 12 h, 14 h, and 16 h) at the speed of 160 r/min,
the mixed solution was adjusted to acid or alkalescence (pH = 2, 3, 4, 5, 6, 7, 8, 9) by 10% Wt
HCl or 25% Wt NaOH for better flocculated performance and the supernatant of it was collected for
centrifugation at the speed 3000 r/min for 15 min.
Without any agitation and settled for a certain time
(2 h), the supernatant was withdrawn after centrifugation and was used for chemical analysis.

MATERIALS AND METHODS
Characteristics of landfill leachate. The
wastewater samples used in this study was taken
from the biochemical effluents of a sanitary landfill,
which was located in the Nanchang city of south
China. The landfill was established in 1997 initially,
and extended in 2000 for increasing volume of
municipal solid waste (MSW). The typical process,
anaerobic-anoxic-oxic coupled with reverse osmosis membrane filtration technologies were applied
for the further treatment. The effluents taken from
anaerobic-anoxic-oxic process were used as

Orthogonal experiment design. Since the orthogonal experiment is one of the best means to
seek the optimal reaction conditions, it can not only
avoid the invalid investment of time and vigor in
the experiment, but also the cost of reagents would
be cut. In this paper, the oxidant dosage, catalyst
dosage, pH, and reaction time, as four factors, have
been confirmed to have a large effect on the oxidation performance of wastewater samples. Moreover,
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TABLE 1
Factors and levels affecting the oxidation performance.
Factors
Na2S2O8 dosage
(g/L)
3
4
5

Levels
1
2
3

Fe2+ dosage
(g/L)
0.5
1.0
1.5

pH value
3
5
7

Reaction time
(h)
8
12
16

TABLE 2
Orthogonal test scheme and results.
Trial No.

1
2
3
4
5
6
7
8
9

Factors
Na2S2O8
dosage
(g/L)
3
4
5
3
4
5
3
4
5

Fe2+
dosage
(g/L)
0.5
0.5
0.5
1.0
1.0
1.0
1.5
1.5
1.5

pH value

Reaction
time (h)

3
5
7
5
7
3
7
3
5

8
12
16
16
8
12
12
16
8

Results
COD
removal A
(%)
56.2
51.0
37.0
60.3
55.5
52.1
45.0
57.2
46.1

Color
removal
(%)
85.2
85.2
78.4
88.2
85.0
84.0
82.2
92.2
74.3

B

aggregative
indicator C
=A/2+B/2
70.7
68.1
57.7
74.25
70.25
68.05
63.6
74.7
60.2

TABLE 3
Intuitive analysis table of orthogonal test.
The comprehensive index of various factors on the effect of COD and color removal rate
Reaction time
Na2S2O8
dosage Fe2+ dosage
pH value
(h)
(g/L)
(g/L)
C1j
208.55
196.5
213.45
201.15
C2j
213.05
212.55
202.55
199.75
C3j
185.95
198.5
191.55
206.65
c1j
69.52
65.5
71.15
67.05
c2j
71.02
70.85
67.51
65.58
c3j
61.98
66.17
63.85
68.88
extremum Rj
9.04
5.35
7.9
3.3
Notes: Cij²Under the j factor, the sum of the I level indicators㸹
cij²The average of Cij;
R²The most value difference and the range of c1j, c2j, c3j.
C value

ed in duplicate, and the results reported in this paper were the arithmetic average of the two tests.

each factor had three levels. Hence, the influence
degree of these four factors was analyzed by a L9
(34) matrix with four factors and three levels. For
better views of all factors influence, the tables of
orthogonal test factors, orthogonal test with its test
result and orthogonal test intuitive analysis were
employed to assign the considered factors and levels, and all of the contents related were as listed in
Table 1, Table 2 and Table 3 respectively.
According to the comparisons with the different extemum R among themselves, the result that
R4<R2<R3<R1 can be concluded from the Table 3.
In other words, the variables which have an effect
on the removal of COD and color in this
Fe2+/Na2S2O8 system can be ordered as following:
Na2S2O8 dosage ! pH ! Fe2+ dosage ! reaction time.

3DEEMFS. The leachate samples before and
after treatment were diluted in 10 times, and subsequently filtered with 0.45 Pm filters (Millipore)
before being analyzed. About 40 ml wastewater
sample was taken to wash quartz dish in 4~5 times
for minimizing experimental error in prior to the
steps of adding wastewater samples to be measured.
The quartz dish with distilled water was set as a
blank control group in the experiment. 3DEEMFS
of wastewater samples before and after treatment
were determined using a fluorescence spectrophotometer (Hitachi F-2000, Japan), of which the excitation source was a 150 W Xenon lamp. The scanning parameters were set as follows: excitation
wavelength: 220±500 nm, scan wavelength intervals: 5.0 nm; emission wavelength: 250±600 nm,
scan wavelength intervals: 5.0 nm; scan wavelength
speed: 400 nm/min, slits: 10 nm; photomultiplier
voltage: 700 V; response time: automatic. The data
of 3DEEMFS analyses were handled using Windows-based software origin 8.6. The images plotted

Analytical methods. The pH values were
measured by a pH Meter (model PHS-3C, China).
COD was measured by microwave-assisted closed
digestion apparatus (model WXJ-Ϫ, China). Dilution time method was selected to determine color of
wastewater samples. Each experiment was conduct-
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oxidant dosage set as a variable for the evaluation
of COD and color removal. The removal curve of
COD and color was shown in Fig.1.
As shown in Figure.1, when the Na2S2O8 dosage was 1 g/L and 2 g/L, the COD removal was
20% and 35%, respectively. While the oxidant
dosage was added continuously in the experimental
range, the COD removal almost rose linearly to its
highest (60%) at 4 g/L Na2S2O8 dosage. However,
continuing to dose Na2S2O8, far from increasing the
oxidative performance, could lead to a slight decrease of COD removal. The main reason was that
the excessive dosage of Na2S2O8 in the initial time
would increase the chance of collision between Fe2+
and S2O82-. To the best of our knowledge, this reaction can generate lots of SO4· - by the break of -OO- bond in the S2O82-. A point should not be neglected is that excessive SO4· - could lead to a decrease of COD removal by its reaction with S2O82[25]. The chemical reaction equation can be described as follows (eq. 4):
SO4· -+S2O82-ĺ6242-+S2O8(4)
In respect to the removal of color, the low
Na2S2O8 dosage had a more evident effect comparing with COD removal. Namely, the color removal
reached 60% when the Na2S2O8 dosage was 1 g/L.
But, at the 3 g/L Na2S2O8 dosage, the result of color
removal was surprised (95%). Comparatively
speaking, the chromophoric substance in the leachate samples can be degraded efficiently by the SO4· oxidation.

according to the data collected from automatically
analyses by the apparatus. The characteristics and
chemical composition of wastewater samples before and after treatment were represented significantly on the images[23].
UV-vis. An ultraviolet spectrophotometer
(model UV-2450, China) was used to record the
UV-vis absorption spectra of wastewater samples.
Adjusting the pH to 7, the wastewater samples were
all scanned under the scanning interval at 1 cm over
the wavelength range of 190 nm ± 500 nm at the
moderate scanning speed[24].
FTIR. An infrared spectrophotometer (model
D/Max-RC) was used to record the FTIR spectra of
wastewater samples before and after treatment.
Briefly, the wastewater samples were dried and
mixed with pre-dried KBr powder respectively, and
then were both sufficiently ground and pressed in a
pellet that was suitable for FTIR analysis. FTIR
spectroscopy was then conducted and the spectra
were in the range of 4000-400 cmí1.

Effect of catalyst dosage on the oxidation
performance. As a catalyst, Fe2+ dosage is another
important factor for the generation of adequate
SO4· -. Keeping the 4 g/L Na2S2O8 dosage and 12 h
reaction time as constants, the different Fe2+ dosage
on the treatment of biochemical effluents have been
evaluated at room temperature and the oxidation
performance was shown in Figure.2.

FIGURE 1
Effect of different Na2S2O8 dosage on the COD
and color removal (Fe2+ dosage = 1 g/L, pH =
4.0, reaction time = 12 h)



RESULTS AND DISCUSSION
Parameters optimization of biochemical effluents treatment with Fe2+/Na2S2O8 system.
Effect of oxidant dosage on the oxidation performance. Beyond all doubt, it is oxidant dosage
that is the most significant factor which has a great
effect on the removal efficiency of persistent contaminants in the leachate biochemical effluents.
Generally speaking, before the achievement of
optimum dosage, the more the oxidant added, and
the higher the removal efficiency is. However, the
cost-effectiveness of the oxidant should be taken
into consideration. This experiment was carried out
at room temperature under the conditions of pH 4, 1
g/L Fe2+ dosage as well as 12 h reaction time. The

FIGURE 2
Effect of different Fe2+ dosage on the COD and
color removal (Na2S2O8 dosage = 4 g/L, pH = 4.0,
reaction time = 12 h)
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wide. In general, the oxidation performances were
good in the scope of from pH 4.0 to pH 6.0. However, the COD remove rate was only 42% and the
color removal rate declined to the lowest with 80%,
when the pH is increased to 9.0. Under the strong
acid condition, the massive H + in the leachate samples would lead to the activity loss of activated
persulfate by the Fe2+ in the existence form of
[Fe(H2O)6]3+, [Fe(H2O)5]2+ and [Fe(H2O)6]2+[28].
Furthermore, excessive S2O82- were activated into
lots of SO4· -, of which the scavenging reactions
were taken place between the generated SO4· themselves and further resulting in the great reduction of persulfate utilization[29].

Observing the removal curve of COD, the
COD removal first increased and then slightly decreased with Fe2+ dosage. The COD removal
reached 48% at 0.5 g/L Fe2+ dosage. While the Fe2+
dosage exceeded 1 g/L, the COD removal began to
decrease slightly from its highest (54%) to 48% (6
g/L Fe2+ dosage).
It can be known directly from the color removal curve that the color removal reached 95%
when the Fe2+ dosage was 1 g/L. At this time, the
treated leachate sample appeared clear and transparent. However, an obvious decline of color removal emerged when the Fe2+ dosage exceeded 1
g/L. This result indicated that neither high nor low
Fe2+ dosage was not benefit to the performance of
oxidation system. The reasons can be concluded as
follows: (1) Appropriate amounts of Fe2+ dosage
would catalyze or activate massive Na2S2O8 to form
SO4· - for the degradation of persistent contaminants
and chromophoric substance (eq. 5).
(5)
2Fe2++S2O82-ĺFe3++2SO4· (2) Nevertheless, excessive SO4· - was activated via excessive dosage of Fe2+ would react with
Fe2+ conversely (eq. 6).
(6)
Fe2++SO4· -ĺFe3++SO42At the same time, the quench reaction would
happen between the excessive SO4· - themselves (eq.
7).
SO4· -+SO4· -+2e-ĺ6242(7)
Both of these two kinds of reaction were the
main reason for the invalid consumption of SO4· -,
which would deteriorate the treatment effect of
biochemical effluents. Furthermore, the results
concluded above were also in accordance with
studies of most researchers[26]. In summary, for
this wastewater sample, the economical dosage of
oxidant and catalytic agent were 4 g/L and 1 g/L,
respectively.

FIGURE 3
Effect of different pH value on the COD
and color removal (Na2S2O8 dosage = 4 g/L, Fe2+
dosage = 1 g/L, reaction time = 12 h)
This result also illuminated a high pH value
would deteriorate the oxidation efficiency of
Fe2+/Na2S2O8 system. The reasons can be ascribed
to two aspects: (1) Under the high pH value, a reaction which formed ·OH would occur between the
generated SO4· - and OH-, resulting the oxidationreduction potential declination in the oxidation
system (eq. 8);
(8)
SO4· -+OH-ĺ·OH+SO42(2) The Fe2+ began to form precipitant at high
pH values, which had a negative influence on the
activated process of SO4· - generation. The concentration of SO4· - in the solutions once reduced, the
oxidation efficiency of the Fe2+/Na2S2O8 system
would worsen.

Effect of pH on the oxidation performance.
The effect of different pH on the removal of COD
and color was evaluated under the conditions of 4
g/L Na2S2O8 dosage, 1 g/L Fe2+ dosage, and 12 h
reaction time. This experiment was shown in Figure.3.
As shown in Figure.3, pH values played a vital
role on the degradation of persistent contaminants
in leachate biochemical effluent. Both COD and
color removals were on the sharp up-going trend
with the pH value increasing from 2.0 to 4.0, and
keeping nearly constant in the range pH value from
4.0 to 6.0, while on the decline after that. When the
pH value was 2.0, the COD and color removal rates
were only 32% and 85%, respectively. When the
pH value was increased to 4.0, the COD and color
removal rates reached up to 63% and 95%, respectively. Continually increasing pH value from 4.0 to
6.0, both COD and color removal rates were stable
basically without great fluctuation. This illustrated
that the optimum wastewater pH value scope was

Effect of reaction time on the oxidation performance. The effect of reaction time on the oxidation performance was evaluated under the conditions of initial pH 4.0, 4 g/L Na2S2O8 dosage, and 1
g/L Fe2+ dosage. Observing the COD and color
removal curves in the Figure.4, it can be seen that
both of them tended to rapidly rise to a certain removal rate and then gradually be flat with the reaction time prolonging. When the reaction time was 2
h, the COD and color removals were only 24%.
When the reaction time was prolonged to 12 h, the

7608

Volume 27 ± No. 11/2018 pages 7604-7612

© by PSP

Fresenius Environmental Bulletin


the leachate biochemical effluents were degraded
into micromolecular fulvic acids (FA) with simple
chemical structure via the oxidation of
Fe2+/Na2S2O8 system. Moreover, the fluorescence
intensity of FA was decreased from 1832 to 410
(77.6% degradation rate), indicating that there was
a significant decrease of the FA content in the treated wastewater samples. After the treatment of
Fe2+/Na2S2O8 system, the emission wavelength of
wastewater samples was changed from 430 nm to
415 nm and an obvious blue shift appeared in the
visible region of FA and HA. This result can be
ascribed to the decrease of the conjugative effect
and condensation degree of the dissolved organic
matters (DOM) molecules in leachate biochemical
effluent samples.

COD and color removals reached up to 55% and
95%, respectively. However, the COD and color
removal was no longer increased a lot after that,
indicating that the reaction of SO4· - oxidation was
almost over. The reasons were maybe that, in the
initial time, lots of SO4· - with strong oxidizing
property were activated from massive dosage of
Na2S2O8, which made the COD and color in the
leachate samples degraded fast. While after 12 h
oxidation, the concentration of SO4· - was at a lower
level due to the consumption with foregone polluted organics, resulting the oxidizability weaken of
the Fe2+/Na2S2O8 system.

FIGURE 4
Effect of different reaction time on the COD and
color removal (Na2S2O8 dosage = 4 g/L, Fe2+
dosage = 1 g/L, pH = 4.0)
Spectra analyses of leachate samples before
and after treatment. 3DEEMFS. According to the
3D-matrix fluorescent fingerprints, 3DEEMFS and
fluorescence index (f450/500) can be used for the
analyses of components as well as its structure in
the leachate samples[30]. Figure.5 has showed the
fluorescence spectrum of the leachate samples, of
which strong fluorescence signals appeared in many
areas. Ordinarily, unique substances were correspondent to limited range of fluorescence spectrum
in the designated wastewater samples. Regardless
of before and after the treatment of Fe2+/Na2S2O8
system, all the changed fluorescence spectra of
leachate samples as well as their peak location,
fluorescence intensity and composition, were listed
in the Table 4.

FIGURE 5
3DEEMFS of water samples before and after
treatment
The value of fluorescence index (f450/500) is
negative related to the aromaticity of FA. Namely,
the greater the f450/500 value, the worse the FA aromaticity is. Because of the weaken of the aromaticity of dissolved HA and the decrease of the structure
of the aromatic ring, the f450/500 value of the leachate
samples which was treated by Fe2+/Na2S2O8 system
have increased from 1.37 to 1.45, hinting that the
macromolecular matters was degraded into micromolecular substances.

TABLE 4
Characteristics of fluorescence spectra
Peaks
A
B
C
D

Ex/Em
255/465
285/430
330/430
285/415

Intensity
2154
1684
1832
420

composition
HA
visible FA and HA
visible FA
UV FA

UV-vis. The UV-vis spectrum of this leachate
biochemical effluent samples before and after
treatment of Fe2+/Na2S2O8 system was shown in
Fig.6. As shown in Figure.6, the appearance of

From the comparison of the data given in the
Table 4, it can be known that macromolecular humic acids (HA) with complex chemical structure in
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intensity at bands 1090 cm-1 declined markly in the
oxidation effluent, which indicated that polysaccharide and carboxylic acids were oxidized. It also can
be deduced that the relative reduction in protein
was from the great reduction of the intensity of
characteristic bands at 620 cm-1. Generally, the
molecular structure of the macromolecular organic
compounds became more unstable and the molecular weight became smaller after treatment by the
oxidation system.

strong absorption peak in the scanning band range
of 200-240 nm, indicated that there contained many
kinds of macromolecular organics characterized
with carbonyl and several conjugated double bonds
as well as polycyclic aromatic hydrocarbons in the
leachate biochemical effluents. After the treatment
of Fe2+/Na2S2O8 system, the characteristic peak of
the wastewater samples showed a blue shift (from
204 nm to 194 nm), indicating that the molecular
conjugative effect and condensation degree were
decreased. Due to the existence of unsaturated conjugated double bonds in the leachate samples, the
absorption bands of DOM were appeared in the
region of ultraviolet light. It can be found that the
UV-vis absorbance value of the leachate biochemical effluent sample had dropped massively after
treated which was at the same wavelength. This
illustrated that the oxidation system can not only
greatly remove the organic matter in wastewater
sample, but also can gradually decrease the complexity and aromaticity of molecular.

FIGURE 7
FTIR spectra of wastewater samples before and
after treatment
FIGURE 6
UV-vis absorbance of wastewater samples before
and after treatment

CONCLUSIONS
Fe2+/Na2S2O8 system was used for the treatment of leachate biochemical effluents, taking the
oxidant dosage, catalysts dosage, pH, and reaction
time into consideration and investigating the effect
of them on the oxidation efficiency. Within the
experimental water quality range, the removal of
COD and color were reached 60% and 95% respectively under the optimal conditions as following:
4.0g/L Na2S2O8 dosage, 1 g/L Fe2+ dosage, pH 4,
and 12 h reaction time.
From the analyses of the orthogonal experiment section, the result can be concluded that the
influence degree of various factors on the effect of
COD and color removal were as following:
Na2S2O8 dosage!pH!Fe2+ dosage!reaction time.
According to the spectral analyses of
3DEEMFS, UV-vis, and FTIR, the complex and
condensation degree of molecules have been decreased significantly in leachate biochemical effluent samples. Most of HA were oxidized into FA.
The change of f450/500 value before and after the
treatment of Fe2+/Na2S2O8 system indicated that the

FTIR Analysis. The FTIR spectra of
wastewater samples before and after treatment were
shown in Figure.7. It can be found that strong characteristic band appeared in both raw wastewater
and in the treated sample on the area near 3415cm-1,
which indicated there existed carboxyl or hydroxyl
in DOM in the two wastewater samples[24]. There
were both characteristic peaks in the two
wastewater samples before and after treatment on
the area near 1635 cm-1, which indicated that the
wastewater samples contained aromatic substances[31]. However, the intensity of the oxidation
effluent at this band sharply declined compared
with that of the raw wastewater. This indicated that
some aromatic substances in the raw wastewater
were oxidized into substances with smaller molecules by SO4· -. The characteristic peak at 1386 cm-1
disappeared in the oxidation effluent for the reason
that the carboxylic groups were cleaved by SO4· and were transformed into substances with lower
stability and smaller relative molecular weight. The
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Ghafari, S. (2011). Effect of Fenton process
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2014 (2014-2-26) 2014: 164-167.
[12] Oh, B.T., Seo, Y.S., Sudhakar, D., Choe, J.H.,
Lee, S.M., Park, Y.J., and Min, C. (2014). Oxidative degradation of endotoxin by advanced
oxidation process (O3/H2O2&UV/H2O2 ). Journal of Hazardous Materials. 279, 105-110.
[13] Rubio, D., Nebot, E., Casanueva, J.F., and
Pulgarin, C. (2013). Comparative effect of
simulated solar light, UV, UV/H2O2 and photoFenton treatment (UV-Vis/H2O2/Fe2+,3+) in the
Escherichia coli inactivation in artificial seawater. Water Research. 47, 6367-6379.
[14] Suzuki, S., Tsuneda, T., and Hirao, K. (2012).
A theoretical investigation on photocatalytic
oxidation on the TiO2 surface. Journal of
Chemical Physics. 136, 024706.
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[16] Shukla, P., Sun, H.Q., Wang, S.B., Ang, H.M.,
and Tadé, M.O. (2011). Co-SBA-15 for heterogeneous oxidation of phenol with sulfate radical for wastewater treatment. Catalysis Today.
175, 380-385.
[17] Liang, C.J., and Wang, C.W. (2013). Assessing
acute toxicity potential of persulfate ISCO
treated water. Chemosphere. 93, 2711-2716.
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of TCE at ambient temperatures. Chemosphere.
66, 106-113.

aromaticity of dissolved HA was weakened and the
structure of the aromatic ring was decreased.
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water movement parameters are the basis and prerequisite for understanding the large-scale dynamic
changes in soil water. Soil water movement research generally involves field monitoring, indoor
soil column tests and simulation test methods [2, 3].
However, direct determination of these parameters
is difficult. Research shows that the parameters of
soil water movement are correlated with physical
soil parameters, which are easy to measure using
conventional methods [4]. Therefore, studies in
which soil water movement is represented by these
easily measured parameters have attracted considerable attention. Studies on the spatial variability of
soil water movement parameters on different scales
form the theoretical basis and essential foundation
to further study soil water movement laws and solute transport and are key to solving issues involving regional eco-hydrological processes, environmental pollution, ecological safety and rational water resource allocation, among others [5].
The soil water movement parameters consist
of the soil-water characteristic curve, soil water
diffusivity and hydraulic conductivity [6]. It is essential to study these parameters when studying soil
water movement. The soil water movement parameters constitute the essential basis for the mathematical simulation of soil water movement. At the
same time, these parameters are essential for the
quantitative analysis of soil water movement using
mathematical and physical methods, as they characterize the soil itself. The basis for predicting soil
water movement and contaminant transport is the
selection and determination of the soil water
movement parameters. With the rapid development
of computing technology and the increasing sophistication of numerical methods, the selection and
determination of soil water movement parameters
has become a major factor influencing the accuracy
of prediction [7]. Studies on these parameters are
significant for understanding soil water movement
and effectively solving problems related to reasonable irrigation for agriculture production practices,
groundwater recharge in water conservancy research, hydrological runoff yield calculations, and
reasonable water diversion and consumption in
watersheds [8]. Some scholars studied the loss of

ABSTRACT
The spatial characteristics of soil water
movement parameters form the basis and prerequisites for a complete understanding of the dynamic
changes in soil moisture and are the most important
hydraulic parameters for the simulation of soil water movement and solute transport. However, it is
difficult to directly determine these parameters.
Using data from many studies, this study analyzed
and reviewed the unsaturated soil water movement
parameters in a typical salinized area in Hebei
Province. Soils with different salinization degrees
(1.1, 2.6, 4.3, 7.5, and 14.2 g/kg, respectively)
served as the research object, the vacuometer
method was used to determine the soil-water characteristic curve of soil profiles, and the van
Genuchten model in the RETC software program
was used to fit the curves. The horizontal soil column method was employed to measure the soil water diffusivity, and power and exponential functions
were selected for the curve fitting. The unsaturated
hydraulic conductivity of a typical profile was indirectly calculated from the water capacity and diffusivity. The results show that the soil water suction
increased with the decrease in the soil water content,
while the soil water diffusivity increased with the
increase in the water content. This study obtained
parameters of soil water movement and analyzed
their characteristics, which provides a theoretical
basis for guiding local agricultural planting and
improving saline-alkali land.

KEYWORDS:
Saline-alkali land, soil water movement, coastal area

INTRODUCTION
Soil water, a link between surface water and
groundwater, is an integral part of water resources.
Research on soil water should start with soil water
movement [1]. Soil water movement is an important link in ecological and hydrological cycles,
and the spatial characteristics of unsaturated soil
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soil column method. A vertical infiltration experiment was adopted to determine the vertical infiltration rate. The unsaturated hydraulic conductivity
was calculated indirectly based on the formula involving water capacity and diffusivity, and the soil
water movement characteristics were analyzed by
determining a soil hydraulic characteristic parameter model suitable for the study area.

fresh water resources during rice growth; this lost
water contains large amounts of nutrients and causes shallow groundwater pollution [9-11]. It has
been reported that the saturated hydraulic conductivity (K) in a bund was 2.2-2.7 times that in the
paddy field, the characteristics of preferential soil
flow in the bund were more evident than those in
the paddy field, and the hydraulic conductivity of
soil in the bund was significantly higher than that in
the paddy field [12-14]. Water repellent soil, found
widely in different soil textures, land use patterns
and climate conditions, has a unique influence on
soil water movement. There are several reports on
soil water repellency in different parts of the world
[15-18]. However, most of the literature mainly
focuses on inland saline-alkali soil, with few reports
on the water movement characteristics in coastal
saline-alkali soil.
Huanghua City, located in the central area of
the Bohai economic rim, is a fast-developing area
in terms of industrialization and urbanization in
Hebei province. Coastal salinization is severe in
this typical ecologically fragile area, which has a
large saline-alkali wasteland and a harsh ecological
environment. The ³%RKDL *UDQDU\ 3URMHFW´
launched in April 2013, aimed to realize a
short-term grain growth target of 3 billion kilos in
2017 and a long-term target of 5 billion kilos in
2020 by turning the Bohai rim region, which has
suffered long-term drought, flooding and salinization, inWR DQ LPSRUWDQW ³JUDQDU\´ LQ &KLQD E\
transforming over 2 million hm2 of medium- to
low-yield farmland and over 6 million hm2 of saline-alkali wasteland [19]. The improvement of
saline-alkali soil is critical to ensure the quality of
cultivated land and grain safety, improve the land
utilization rate, protect and improve the ecological
environment, and promote the modernization of
agriculture and rural areas. With the population
growth and rapid economic development in this
region, the large area of saline-alkali land has
caused environmental deterioration and resource
shortages. Therefore, understanding the water migration in saline-alkali soil can provide a scientific
basis for soil remediation in coastal saline-alkali
land. However, most studies in this area have focused on the land use patterns or ecosystem service
values [20-22], while few reports have discussed
the soil water characteristics of saline-alkali soil in
the area.
This research, through studying soil water
movement in saline-alkali land in Huanghua, analyzed the laws of soil water movement and explored
the optimal water conditions for crop growth. We
determined the soil water movement parameters in
the laboratory and soil water suction using the vacuometer method and fit the soil-water characteristic
curve using RETC software. The moisture diffusivity was obtained from the relationship between the
wetting peak and time determined by the horizontal

MATERIALS AND METHODS
Study area. Huanghua City, located in southeastern Hebei Province, is under the jurisdiction of
Cangzhou City. Huanghua is adjacent to the Bohai
Sea in the east, close to Cangzhou in the west, next
to Shandong in the south, and connected with Beijing and Tianjin in the north. Huanghua, located
between 117.05° and 117.40°E and 38.09° and
38.39°N, LVD³NH\DUHD´LQWKH%RKDL6HDDQG%Hijing-Tianjin region and where the cross-century
project, the Huanghua Port Project, is located.
Huanghua, one of the fastest growing cities in Hebei Province, is not only an important pillar of the
Cangzhou Bohai New District but also an important
window to the emerging modernized coastal economic belt. Its rapid development will become a
powerful engine in driving the economic development of Cangzhou and even Hebei Province
[23-25].
According to a survey of the current state of
saline-alkali soil in the study area, ten locations
were chosen from 10 townships in the administrative map. Topsoil and profile soil were sampled in
April 2015. Based on indoor analysis data, 5 representative soil samples (including topsoil and profile
soil) taken from locations in Jiucheng Town (JC),
Changguo Township, Zhongjie Industrial Park (ZJ),
Nandagang Industrial Park (NDG), and Nanpaihe
Town (NPH) with salt contents of 1.1, 2.6, 4.3, 7.5,
and 14.2 g/kg, respectively, were finally selected.
The sampling sites are shown in Fig. 1.
This study did not involve any endangered or
protected species. The sampling was approved by
the local Bureau of Land Resources.
Measurement of the soil-water characteristic curves. A soil-water characteristic curve shows
the relationship between the soil water suction and
soil water content. The soil water characteristic,
reflecting the basic property of soil moisture, is
essential to studying soil water movement [26-27]
and is mainly used to study soil water movement
and retention.
Currently, the most commonly used method
for determining the soil water characteristic is the
vacuometer method [28]. This method can be used
to measure soil water suction values of less than
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FIGURE 1
Distribution map of the soil sampling sites

FIGURE 2
Diagram of the vacuometer set-up

pressure meter is 100 kPa, with a scale interval of 2
kPa, and the clay head is composed of porous permeable material.
The principle behind soil water suction measurements with a vacuometer is as follows: First, the
clay head is inserted into the soil, and a hydraulic
relationship is established through the clay wall
between the free water in the gas collection tube
and the soil, as the potential of free water in the
device is always higher than that in unsaturated soil.
Therefore, the free water in the gas collection tube
moves rapidly toward the soil, creating negative
pressure in the tube. The negative pressure records

0.08 MPa, making it suitable not only for the measurement of undisturbed soil and disturbed indoor
soil but also for field measurements. A vacuometer
is flexible, is simple to operate, has a wide measurement range, and can used to measure various
soil types. In this study, a vacuometer was adopted
to measure the soil-water characteristic curve.
(1) Experimental setup and principle. A
vacuometer is made up of a gas collection tube,
negative pressure meter and clay head. The gas
collection tube is responsible for creating the vacuum inside the device. The range of the negative
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were consistent, the water level of the soil column
water chamber was stable, and the pressure was
zero. It is necessary to determine whether the main
driving force of the horizontal infiltration of moisture in the soil column is the soil matrix suction.
When neglecting the effect of gravity, the differential equation and the definite condition of the horizontal flow are as follows:

the changes in negative pressure. When the pressure
inside and outside the device equilibrates, the negative pressure meter records the soil water suction.
The schematic of the device is shown in Fig. 2.
(2) Experimental design. The soil samples
were collected in May from 5 soil profiles in JC,
CG, ZJ, NDG, and NPH in Huanghua. Each profile
was sampled at depths of 0-20, 20-40, 40-60, 60-80,
and 80-100 cm with a cutting ring (with a volume
of 100 cm3) and sealed with plastic wrap. The experiment was carried out in the Soil Laboratory of
Hebei Agricultural University.
Before the experiment, an exhaust performance test was performed on the vacuometer, and
the permeability of the vacuometer was observed to
ensure that all parts of the vacuometer were solidly
connected and well sealed. Then, the gas collection
tube of the vacuometer was filled with distilled
water to ensure that there were no bubbles in the
collection tube.
When conducting the experiment, the soil was
first saturated with distilled water. A hole was dug
in the middle of the soil to ensure that the clay head
could be inserted. The various parts of the vacuometer were connected, and the soil sample and
device were weighed together. With the continuous
evaporation of soil moisture, a stable reading was
obtained at each scale of the vacuometer, and the
soil sample was weighed and recorded constantly;
then, the water characteristic curve could be obtained. The test samples and the vacuometer were
prepared according to the above method.
In this experiment, the soil water suction was
measured when the soil water content was quite
high but not when it was low. However, the
soil-water characteristic curve could be fitted using
the measured data and RETC software.

(1)
where T is the soil water content (%) at the
water inlet boundary, T is the consistent initial
a

water content (%) (water content of the air-dried
soil) of the soil column,
is the water content
b

T

(%) (saturated water content) at the starting boundary of the soil column, x is the distance (cm) from
the wetting peak (measurement point) to the start of
the soil column, t is the time (min) that the wetting
peak was recorded, and D(T ) is the soil water
diffusivity (cm2/min).
By applying the Boltzmann transformation,
Equation 1 is transformed into an ordinary differential equation, and the formula to solve D(T ) is as
follows:

D(T )

T
1
OdT
2( DT / DO ) TD

³

(2)

where O is a parameter in the Boltzmann
transformation calculated by the formula O=xt-1/2.
The calculation is performed in the differential
form as follows:

Determination of the soil water diffusivity.
Soil water diffusivity is a basic parameter for studying soil water movement, as it can reflect the pore
size, pore density and hydraulic conductivity of soil
[29]. Therefore, understanding the soil water diffusivity in coastal areas is of great significance to the
study of water and salt transport laws and the control of salt-alkali land. The research method adopted in this study was the horizontal soil column
method.

D(T )



1 'O T
¦ O'T
2 'T TD

(3)

Therefore, when carrying out the soil water
diffusivity experiment, the soil water content T at
each measurement point was obtained, and the O
value corresponding to each x point was calculated;
then, the soil water content curve T =g(O) showing
the relation between T and O could be plotted to

(1) Experimental setup and principle. The
horizontal soil column method is an unsteady flow
method, used to measure the soil water diffusivity
D(T ) . The analytical data from a semi-infinite
horizontal soil column infiltration test was used to
solve D(T ) .
A horizontal soil column was used in this
study to eliminate the effect of gravity. During the
experiment, care was taken to ensure that the soil
texture and initial water content of the soil column

calculate

'O
and 'O ¦T O'T corresponding
'T
'T TD

to different T values. Equation 3 can be employed
to calculate the diffusivity D(T ) corresponding

to different T values.
The experimental setup consisted of a rectangular plexiglass tank with dimensions of 110 cm
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ending time was recorded. The soil was sampled at
the wetting peak position immediately. The water
content was measured by the drying method. The
soil water diffusivity D(T ) was calculated according to Equation 3.

(length), 20 cm (width) and 30 cm (height), respectively, and the rectangular tank was separated into 4
parts. The first part was a 10 cm long water chamber connected to a Mariotte bottle, which ensured
that the height of the water head in the water
chamber was consistent with that of the soil in the
experimental section to eliminate the impact of
various factors on moisture diffusion. The second
part was a 10 cm long filtering layer section filled
with quartz sand, whose height was the same as the
height of the sample soil section to buffer the flow
and maintain a steady laminar flow status. The third
part was an 80 cm long test section loaded with the
test soil. The fourth part was a filtering layer filled
with quartz sand to the same height as in the second
part. A layer of filter screen was placed on the lower part of the conduit to prevent the soil sample
from flowing out with the conduit. The experimental setup is depicted in Fig. 3.

Determination of the soil vertical infiltration rate. The process of water entering soil is
called infiltration. This experiment studied the vertical one-dimensional (1-D) infiltration, where water entered the soil vertically from the surface during irrigation.
(1) Experimental setup. The experimental
setup consisted of three parts, namely, the soil
column, water supply device and water-receiving
device. The soil column consisted of a plexiglass
soil column, which was 80 cm high and had an inner diameter of 15 cm. A small hole 2 cm in diameter was drilled at the bottom of the soil column. A
layer of gauze covered with 2-3 cm of quartz sand
as a reverse filtration layer was placed at the bottom
of the soil column so that the effluent flowed out of
the soil column evenly and the soil particles were
prevented from flowing out with the water. The soil
was placed into the soil column in layers with
thicknesses of 10 cm. The weight of the soil to be
loaded into the 10 cm thick soil column was calculated according to the bulk density. To ensure a
seamless transition between layers, the surfaces at
the layer joints were scarified. After each layer of
soil was loaded, to prevent the impact of water flow
from damaging the soil structure while water was
being added, 2-3 cm of quartz sand was added on
the top layer of the soil column, and the quartz sand
was separated from the soil with gauze.

(2) Experimental design. This experiment
was conducted in a laboratory of Hebei Agricultural
University. The test samples were taken from each
layer of soil in the five profiles from JC, CG, ZJ,
NDG, and NPH in Huanghua in May, corresponding to depths of 0-20, 20-40, 40-60, 60-80, and
80-100 cm in each profile. One experiment was
conducted for each layer of soil. The soil samples
were air dried, ground and sieved before being
loaded into a horizontal glass tank according to the
measured bulk density. The loading height was 10
cm to ensure that all parts of the soil were uniform
in density and water content. During loading, the
sample soil at the edge of the glass tank had to be
compacted to avoid the infiltration of the flow
along the wall.
After the horizontal soil column in the glass
tank was prepared, the Mariotte bottle was filled
with distilled water, and the experimental setup was
connected. The water head level of the water
chamber was kept flush with that of the soil sample.
After the water supply valve of the Mariotte bottle
was opened, the starting time was recorded. The
distance advanced (x) by the wetting peak was recorded every 5 min. When the wetting peak had advanced to approximately 3/4 of the whole soil column, the water supply valve was closed, and the

(2) Experimental design. This experiment
was carried out in a laboratory of Hebei Agricultural University. The soil samples were collected from
the 5 profiles in JC, CG, ZJ, NDG and NPH in
Huanghua in May. The soil samples were air dried,
ground and sieved. Each layer was loaded into the
glass soil column according to the bulk density, and
there were 5 glass soil columns in total.

FIGURE 3
Diagram of the horizontal soil column set-up
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TABLE 1
Parameters of the soil-water characteristic curves
Profile
name

T

Sampling depth
(cm)
0-20
20-40
40-60
60-80
80-100
0-20
20-40
40-60
60-80
80-100

CG

NPH

T

r

0.05212
0.12481
0.07459
0.04941
0.06391
0.06345
0.74563
0.11575
0.05324
0.06797

s

0.24498
0.34260
0.28901
0.32717
0.31392
0.35634
0.36435
0.47653
0.27868
0.30645

The Mariotte bottle was filled with deionized
water for saturation of the soil column. The pipe of
the Mariotte bottle was connected to the top of the
soil column. After all the devices were connected,
the water clamp of the Mariotte bottle was opened
to saturate the soil column. The supply speed of the
water head was kept steady. The soil water vertical
infiltration model was determined according to the
infiltration amount of the Mariotte bottle and the
position of the wetting peak in the soil column,
which were observed every 10 min. When the water
had infiltrated to the bottom of the soil column, the
water clamp was closed, and saturation was ended.

Soil-water characteristic curve. Soil-water
characteristic curve model. The van Genuchten
model was used to fit the soil moisture curve [30].

T T 
T
n
1 Dh

>

s

r

@

m

(4)

r

where h is the soil moisture suction (cm);
is the water content (%); s is the satu-

T (h)

rated water content (%);

T

T

r

n

K

0.04953
0.00951
0.00168
0.00751
0.00304
0.03465
0.04654
0.00956
0.01546
0.02645

1.18349
1.76608
1.31086
1.22469
1.37213
1.25674
1.53457
1.46753
1.53452
1.38687

23.2384
43.2523
47.5198
34.0542
50.1541
21.7855
25.7633
33.6387
52.1657
43.7453

s

l
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000
0.5000

cients included in the RETC software program were
selected according to the nature of the soil. These
coefficients were obtained from the soil type database and were used as the initial parameters. The
van Genuchten model was applied to fit the parameters of the measured water content in the RETC
software program. The soil-water characteristic
curve parameters and the saturated infiltration coefficients could be directly accessed from the software database according to the texture of the original soil sample. These parameters could be directly
used as the initial estimated values. Then, the water
content T and soil water suction h measured in
the experiment were incorporated into the software
program, which was run to derive the soil water
characteristic parameters after fitting and the soil
water suction corresponding to different water contents. Table 1 shows the parameters of the
soil-water characteristic curves after fitting, with
CG and NPH as examples.
The curves for the CG and NPH profiles after
fitting are as shown in Figs. 4 and 5, respectively.
As shown in Fig. 4, goodness of fit between
the fitted and observed values could be achieved
only when the water content was determined in
each layer of the CG soil profile. When the water
content was small and no data were observed, fitting could be achieved.
Fig. 5 shows that the fitting between the fitted
value and observed value was good when water
content was high in each layer of the NPH soil profile. However, when the water content was small
and no data were observed, fitting could not be
achieved.
Fig. 6 presents the schema of the h(T )-T relations for different layers of the CG and NPH profiles. From the two diagrams, the variation in
h(T )-T in the different layers of the five profiles
was the same, and the suction of each soil profile
increased with a decrease in water content. At the
same water content, the soil suction was not the
same. As the water content changed, the soil suction
also changed, and there was a turning point in each
profile. The change in soil suction was different
before and after the turning point.

RESULTS AND DISCUSSION

T ( h)

D

is the residual water

D m , and n are the empirm =1-1/ n .

content (%); and
,
ical coefficients, where

Fitting of the soil-water characteristic curve.
RETC is a software model that uses a neural network and soil transfer function to establish the
soil-water characteristic curve and the relationship
between the soil particle composition and dry density. This model is based on 1913 different lithological compositions, different soil-water characteristic curves and saturated infiltration coefficient
data and can therefore yield data that are difficult to
obtain from experiments.
The van Genuchten model was used to fit soil
water characteristic parameters in the RETC software program. The saturated infiltration coeffi-
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FIGURE 4
h(T )-T fitting curve of the CG soil profile

FIGURE 5
h(T )-T fitting curve of the NPH soil profile

FIGURE 6
Schema of the h(T )-T relations for different layers of the CG and NPH soil profiles. A, CG; B, NPH
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FIGURE 7
Change in the wetting peak of each layer over time. A, CG; B, NDG.
As shown in Fig. 6, the variation in h(T )-T in
the different layers of the CG profile was more
consistent than that of the NPH profile. At the same
water content, the bulk density of the fourth layer
soil was highest. Therefore, its soil water suction
was highest. The soil suction in the other layers
decreased as follows: fifth layer, first layer, third
layer and second layer.
The variation in h(T )-T was roughly the same
in the first and second layers of the NPH soil profile.
However, the variation was similar in the third,
fourth and fifth layers. When the water content exceeded 20%, the water suction of the third layer
was highest. When the water content was less than
20%, as the water content decreased, the largest
change in the magnitude of water suction occurred
in the second layer; the smallest, in the fifth layer.
The vacuometer method was used to measure
the soil-water characteristic curves of the CG and
NPH soil profiles, and the van Genuchten model in
the RETC software program was used to fit the
curves. The results show that the fitting between the
observed and fitted values was better when the water content was high and that the fitting is practical
to a certain extent. The variation in h(T )-T in the
different layers of each profile was consistent. With
the increase in the water content, the water suction
decreased. At the same water content, the soil water
suction at different points of the soil profile was
also different.

were different. At 105 min, water in the CG profile
advanced from 6.58 cm to 40.1 cm on average, with
an average distance of 33.52 cm and a maximum
distance of 37.5 cm. Whereas water in the NDG
profile advanced from 6.1 cm to 46.3 cm on average, with an average distance of 40.2 cm and a
maximum distance of 39.3 cm.
In the CG profile, the variation in the wetting
peaks in all layers except for the second layer were
consistent, and the speeds of advancement of these
wetting peaks underwent very little variation, moving approximately 35 cm in 105 min. The speed of
advancement in the second layer, with a movement
of 26.1 cm in 105 min, lagged behind that in the
other four layers. Therefore, in the CG profile, the
highest speed of advancement occurred in the first
layer, followed by the third layer, fourth layer, and
fifth layer, with that in the second layer being the
slowest.
The speed of advancement of the wetting peak
of the first layer in the NDG profile was highest, as
the peak moved 39.3 cm in 105 min, whereas that
in the second layer was lowest, as the peak moved
only 30.5 cm in the same time. The variation in the
speed of advancement of the wetting peaks of the
other three layers was consistent, with the peaks
moving approximately 36 cm in 105 min.
Determination of the soil water diffusivity
model. The experimental data for the CG and NDG
profiles were processed, and the soil water diffusivity D(T ) was calculated. Power and exponential
functions were adopted for the curve fitting, and the
corresponding formulas are as follows:

Soil water diffusivity. Variation in the wetting peaks over time. Water, under the action of
soil matric suction, enters the soil through the horizontal 1-D infiltration and moves through the soil.
The speed of advancement of different soil wetting
peaks also differed. Taking CG and NDG as examples, Fig. 7 shows the change in the wetting peaks
of different layers of the two profiles over time.
As shown in Fig. 7, over time, the wetting
peaks of each layer in the two profiles moved upward at a gradually decreasing speed. The speed of
advancement of the wetting peaks of different soils

D(T )

aT

D(T ) D

T

where

b

ET

(5)
(6)

D(T ) is the soil water diffusivity (%);

T is the soil volumetric water content (%); and a, b,
DDQGȕDUHWKHPRGHO parameters.
The D(T )-T fitting curves for the five layers
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of the CG and NDG soil profiles are presented in
Fig. 8, which clearly shows that the variation in the
soil water diffusivity of different soil samples was
consistent, invariably increasing with the water
content. At the same water content, the soil water
diffusivity differed in different soil profiles due to
different pore sizes of the soil. The scatter diagrams
reveal a turning point in each curve. Before the
turning point, the soil water diffusivity slowly increases with the soil water content. After the turning point, it rapidly increases with the soil water
content.
Table 2 shows the model parameters for the
soil water diffusivity of each layer in two soil pro-

Fresenius Environmental Bulletin

files, directly showing the fitting by the power and
exponential functions of the water diffusivity. The
fitting degree of the D(T ) - T relationship by the
exponential function was higher than that by the
power function for each soil sample. Furthermore,
the fitting degree of each exponential function was
high, that is, when using the exponential function to
fit the D(T ) - T relation schema, goodness of fit
between the observed and fitted values is achieved.
Therefore, it is more appropriate to use the exponential function to describe the relationship between soil water diffusivity and soil water content.

FIGURE 8
Schema of the D(T ) - T relationship in the CG and NPH soil profiles.
(A) CG, 0-20 cm. (B) CG, 20-40 cm. (C), CG, 40-60 cm. (D) CG, 60-80 cm. (E) CG, 80-100 cm. (F) NDG, 0-20 cm. (G), (F)
NDG, 20-40 cm. (F) NDG, 40-60 cm. (F) NDG, 60-80 cm. (F) NDG, 80-100 cm.
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TABLE 2
Model parameters of soil water diffusivity
Profile name

CG

NDG

Sampling
depth
(cm)
0-20
20-40
40-60
60-80
80-100
0-20
20-40
40-60
60-80
80-100

D(T )
a
11.189
27.7
42.117
10.835
62.263
0.0051
9.55
184.78
203.96
579.9

aT

D
0.0018
0.0005
0.0004
0.0019
0.0002
0.0338
0.0006
0.0009
0.0005
0.0005

R2
0.958
0.9634
0.9728
0.9583
0.9506
0.9511
0.9617
0.951
0.9636
0.985

b
4.6576
5.5617
5.8946
4.6253
6.2252
2.5011
6.4093
8.4035
6.6381
7.2988

T

ET

ȕ
10.482
14.144
14.97
10.402
16.29
0.3106
15.908
22.286
16.5
17.603

R2
0.9748
0.9609
0.9582
0.9438
0.9486
0.9774
0.9837
0.9786
0.9817
0.9883

First, as the water capacity is known, the water
capacity can be derived as follows:

This experiment adopted the horizontal soil
column method to measure the soil water diffusivity of the CG and NPH profiles. Power and exponential functions were selected for the curve fitting.
By comparing the fitting degree, it was found that
the fitting by the exponential function of the
D(T ) - T relationship for each soil sample was
better than that by the power function. The soil water diffusivity increased with the increase in water
content. At the same water content, the moisture
diffusivity of different soil samples varied. This
result is consistent with the results of an experiment
by Gan, who investigated the impact of soil salinity
on soil water diffusivity, indicating that the water
diffusivity varies with the salinity and that the soil
water diffusivity and soil salinity are positively
correlated [31]. When the soil water content is low,
soil water diffusion primarily occurs as vapor
movement. Therefore, the soil water diffusivity
changes slowly with the increase in soil water content. A higher water content is responsible for a
lower water diffusivity, and the soil water diffusivity drastically increases with the soil water content.

C (T )

D Tb

(7)

1

1

The diffusivity can be derived as follows:

D(T )

D Tb

(8)

2

2

Therefore, the unsaturated hydraulic conductivity can be derived as follows:
K (T ) C (T ) D(T )

D TbD Tb D D Tb
1

1

2

1

2

1



b2

2

(9)
Determination of the unsaturated hydraulic
conductivity model for soil. Water capacity (C) is
simply the reciprocal slope of the soil-water characteristic curve, mainly indicating the variation in
soil water content caused by the change in the unit
matrix potential. The value of C, denoted C (T ) ,
varies with the change in soil water content T or
soil water suction h. Water capacity is also an important parameter for studying soil water movement.
According to the above definition, water capacity can be expressed as follows:

Unsaturated hydraulic conductivity of soil.
The unsaturated hydraulic conductivity of soil, an
important parameter for studying soil water movement, can be determined by a direct method or indirectly calculated, i.e., indirect calculation from
the water capacity and diffusivity [32].
Due to the large spatial variability of the unsaturated hydraulic conductivity in soil, direct
measurement is difficult. Therefore, indirect calculation was carried out using the water capacity
C (T ) and diffusivity D(T ) in this study.

C (T )

d (T )
d ( h)

(10)

The van Genuchten model formula for the
soil-water characteristic curve is used to derive water capacity C (T ) :

(T  T )mnD (Dh)
1 (Dh) n

n 1

C (T )

d (T )
d ( h)

s

>

r

@

m

(11)

where h represents the soil water suction (cm);
T s is the

C (T ) is the soil water capacity (1/cm);

Method and principle. The soil water diffusivity parameter and water capacity parameter can
be derived according to the method listed above,
that is, K (T ) is calculated according to the equation

D(T ) D

b

T is the residual water content (%); and D , m and n are the
empirical coefficients, where m =1-1/ n .
saturated water content (%), and

K (T ) = C (T ) D(T ) .
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fecting water movement as the infiltration time increases. The change in the wetting peak over time
will give rise to different speeds of advancement in
soil types.
As is clearly shown in Fig. 9, with the increase
in infiltration time, the wetting peaks in the four
soil profiles advanced gradually. However, the
speed of advancement gradually decreased. At 100
min after the infiltration, the wetting peak of each
profile was rapidly advancing, and the speed of
advancement of the wetting peaks of the CG and ZJ
profiles exceeded those of the JC and NDG profiles.
With the increase in infiltration time, the speed of
advancement of the CG and ZJ profiles decreased,
yet the peaks continued to advance. By contrast, the
speed of advancement of the wetting peaks of the
JC and NDG profiled decreased rapidly, approaching zero.
The vertical infiltration in the CG and JC soil
profiles was better than that in the ZJ and NDG
profiles. Vertical infiltration is related to soil texture
and bulk density²soil with a light texture and low
bulk density experiences better infiltration. Clothier
et al. showed that soil type is a decisive factor for
soil moisture infiltration and determines the soil
infiltration rate. Different types of land use have a
great impact on the gas permeability, infiltration,
water-holding capacity and soil erosion resistance
of soil [33].

The van Genuchten model parameters, the
water content T and soil water suction h(T ) data,
the soil water capacity C (T ) corresponding to the
soil water suction h calculated according to Equation 11, and the power function C (T ) D 1T b for
1

the curve fitting were used to derive parameters
D and b .
1

1

As

the soil water capacity model
C (T ) D 1T b1 and soil water diffusivity model
D(T )

D Tb

2

of the CG profile are known, the

2

unsaturated

hydraulic conductivity of soil,
b
K (T ) D 3T 3 , was calculated. The model param-

eters are shown in Table 3.
Experimental results for the soil vertical infiltration rate and analysis. Due to the different
soil types of each soil profile, the infiltration speed
varied. The results of the vertical infiltration experiment with the CG and ZJ profiles were ideal; in
the other two profiles, the infiltration speed was
very slow after water had infiltrated to half the
depth, and infiltration did not occur through the
whole soil column.
During the vertical infiltration of soil moisture,
water is jointly affected by gravity and soil matrix
suction. Gravity will become the main factor af-

Profile
Name

CG

Fresenius Environmental Bulletin

TABLE 3
Model parameters fort the unsaturated hydraulic conductivity of soil
b2
C (T ) D 1T b1
D(T )
K (T )
2
Sample

D

0-20
20-40
40-60
60-80
80-100

1

0.001
0.0028
0.0501
0.0513
12.686

DT

b

D

3.7979
4.7617
3.2352
4.4949
5.9398

11.189
27.7
42.117
10.835
62.263

1

2

b

2

4.6576
5.5617
5.8946
4.6253
6.2252

FIGURE 9
Changes in each soil wetting peak over time
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D

3

0.011
0.078
2.110
0.556
789.868

D Tb

3

3

b

3

8.456
10.323
9.129
9.120
12.165
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tion. The soil water diffusivity increased with the
increase in water content, while at the same water
content, the water diffusivity varied with the soil
type.
(3) The unsaturated water hydraulic conductivity of the soil in the CG profile was calculated
indirectly from the water capacity C (T ) and dif-

Affected by farming and irrigation and other
human activities, farmland soil undergoes obvious
stratification, leading to different rules governing
water movement in the vertical infiltration process.
Farmland tillage destroys the soil structure of the
arable layer, resulting in decreased soil bulk density
and increased porosity and KS, which is consistent
with the conclusions reached by Tian et al.²topsoil
is strongly affected by human activities, plant root
systems and soil animal activities [34]. Optimization of the irrigation system and improvement of
the irrigation method are effective ways to improve
the efficiency of irrigation water use, promoting the
development of water-saving agriculture. However,
because of the present water shortages and the need
for sustainable utilization of agricultural water resources, it is imperative to seek, develop and rationally utilize low-quality water sources to replace
freshwater resources in agricultural irrigation, and
this work must be included in future management
strategies [35]. In other words, under the premise of
not damaging the soil structure or impacting its
physical and chemical properties while ensuring
normal growth and crop yields, appropriate technology can be adopted to treat low-quality water to
realize non-high-quality water irrigation [36, 37].

fusivity D(T ) , and the model parameters were
determined.
(4) The vertical infiltration in the soil of the
CG and JC profiles was better than that of the ZJ
and NDG profiles. The vertical infiltration of soil is
related to the soil texture and bulk density. Soil with
a lighter texture and lower bulk density experiences
better infiltration.
Soil water movement parameters were determined by combining the direct method and indirect
method in this study. The results were directly obtained through experiments, and the range of results
was extended by curve fitting. The concept of the
direct method is clear, and the results derived are
more accurate than those of the indirect method.
However, the characteristic curve covering the
whole water content range obtained through the
indirect method on the basis of the direct experiment is more comprehensive than the curve that
could be derived directly from the experiment itself.
This study determined the parameters and characteristic changes in soil water movement in
Huanghua by means of an indoor simulation experiment, providing an important theoretical basis
to guide local agricultural planting and improve
saline-alkali soils.

CONCLUSIONS
This study investigated saline-alkali soil with
different degrees of salinization in Huanghua City.
The field investigation and sampling campaign
were combined with an indoor simulation experiment. The soil water movement characteristics were
measured, and the parameters of soil water movement were determined to elucidate a reasonable
amount of irrigation to guide local agricultural
planting. The main conclusions are as follows:
(1) We measured the soil-water characteristic
curves of the CG and NPH profiles with the vacuometer method and fitted the curves according to
the van Genuchten model in the RETC software
program. The results showed a goodness of fit between the observed and fitted values when the soil
water content was high, giving the results practical
value. The variation in h(T )  T in the different
layers of each profile was consistent. The soil water
suction decreased with the increase in soil water
content. At the same water content, the soil water
suction at each point on the soil profile was different.
(2) The soil water diffusivity in the CG and
NPH profiles was measured by the horizontal soil
column method, and power and exponential functions were selected for the curve fitting. Comparing
the fitting degrees revealed that the goodness of fit
of D(T )  T by the exponential function for each
soil sample was better than that by the power func-
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characteristic, and high adaptability to ecological
conditions [4, 5, 6, 7]. Alfalfa populations and varieties are well adapted to drought stress conditions
[8]. Alfalfa is grown in Turkey in 6 594 319 da area
with 17 561 190 tons production and 2 663 kg da-1
yield [9]. The number of native forage crop cultivars
grown in Turkey is insufficient; for this reason, it is
very important to improve new cultivars [10], however, development of new alfalfa variety is difficult
and very long process in which the superior plants
are selected and intercrossed to generate new populations [11]. Synthetic variety method that is intercrossing of several genotypes of known superior
combining ability, is widely used in alfalfa breeding
program. Genotypes selected for synthetic variety
development are known to give superior hybrid performance when they are crossed in all combinations.
Synthetic varieties have become increasingly common in alfalfa breeding, because of it is cheaper and
easier than the development of hybrid varieties [12].
Currently, recurrent phenotypic selection is used
with or without progeny test for the development of
alfalfa cultivars [13]. The aim of progeny test is to
identify parental combinations by the values found
in the progeny [14]. Progeny test is one of the most
important stage during the development of synthetic
varieties. In summary, progeny test provides genetic
information of the parents [15].
Environmental factors are very important in alfalfa breeding. Furthermore, new varieties can be obtained from local populations adapted to ecological
conditions in terms of resistance to environmental
conditions. Therefore, the objective of this study was
to determine high general combination ability of ten
alfalfa genotypes that were collected from natural resource of Antalya in Turkey, and develop new varieties that are non-dormant by using synthetic variety
breeding method in Mediterranean Region of Turkey.

The aim of the experiment was to determine
forage yield and quality parameters of alfalfa ( 
  L.) genotypes. Ten selected alfalfa genotypes were tested over three years (2015, 2016 and
2017) at the experimental field of the Batı Akdeniz
Agricultural Research Institute in Antalya, Turkey.
The experimental design was a randomized complete
block with four replications. Significant differences
were observed between alfalfa genotypes in investigated traits. The highest average of green forage
yield and dry matter yield were obtained from Gazipasa-1 genotype (12009.0 and 3387.6 kg da-1, respectively). Maximal values for the forage quality
traits were obtained from Konyaalti-1 genotype with
20.48 % crude protein (CP), Kepez-1 genotype with
34.05 % acid detergent fiber (ADF), Kemer-1 genotype with 44.53 % neutral detergent (NDF) fiber and
Konyaalti-1 genotype with 147.64 relative feed
value (RFV). According to the forage yield and quality parameters with general combination ability features, six superior alfalfa genotypes (Gazipasa-1,
Aksu-2, Konyaalti-1, Finike-2, Kas-1, Demre-1)
were selected for development of new synthetic (S0) variety.


,+#&'
Alfalfa, Progeny test, Quality, Yield
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The production of feed crops in Turkey increased especially after 2000. In 2003, while the production of feed crops increased by 197 % compared
to 2002, this increase was 258 % in 2012 [1]. Alfalfa
has an old and rich history that was started to cultivated firstly in Turkmenistan, Iraq, Iran, Caucasus
and Anatolia [2, 3]. Alfalfa is widely grown in Turkey as in the most part of the world. It is one of the
most widely cultivated forage crop, because of its
high nutritional quality, high biomass production
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:/-?5:9/758-?1-90>:570-?-:2?411B;1=
5819?-7>5?1The study was conducted in the experimental area of Batı Akdeniz Agricultural Research
Institute between 2014 and 2017. Sowing was made
by hand, on October 10th, 2014. The experimental
field was under Mediterranean climate that has hot
and dry summers, and mild and rainy winters. The
climate data of experimental area, average temperatures, rainfall and relative humidity belong to 2015,
2016, 2017 and average of long periods are shown in
the Table 1. Long period average precipitation of the
experimental area (Province Antalya) is 963.4 mm.
During the experiment in 2015, 2016 and 2017, total
annual precipitation was measured as 562.2, 1069.0
and 512.7 mm respectively. Most of rainfall took
place in winter months, so irrigation was done when
it is necessary before cuttings and after each cut. Relative humidity and average temperature were similar
in long period and during 2015, 2016 and 2017.
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61.3
64.62
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!-?1=5-7 -90 ?41 1B;1=5819?-7 01>539 The
alfalfa genotypes were collected from different parts
of the West Mediterranean coastal region within the
scope of Suleyman Demirel University (SDUBAP3190-D1-10) project. Alfalfa genotypes were selected due to the superior properties by phenological
and morphological analysis, yield and quality observations, and molecular characterization. As material;
dormancy group 7-9 being alfalfa genotypes were
selected from Gazipasa-1, Alanya-1, Aksu-2, Kepez1, Dosemealti-1, Konyaalti-1, Kemer-1, Finike-2,
Demre-1 and Kas-1. With selected genotypes,
polycross plots were established by using synthetic
variety breeding method in 2013 by clonal propagation and 10x10 lattice designs with 4 replications in
Antalya. Seeds were harvested in July 2014 at the
polycross plots. Moreover, seeds of each genotype
were harvested separately.
Harvested seeds that obtained from the previous project were used as material in this study, and
progeny test was done as randomized complete
block design with 4 replications in 10 October 2014
in Antalya. Sowing was done by hand, row distance
of 20 cm. The plot size was 8 m2, and seeds were
sown as 2 kg da-1.

!1->@=1819?> -90 <@-75?C -9-7C>5> During
the progeny test plots that lasted 3 years; forage and
dry matter yields, crude protein rates, NDF and ADF
were determined. Furthermore, quantitative parameters like general combination ability (GCA)and relative feed value (RFV) were determined for all genotypes. Plants were harvested at 5 cm height when
plants reached to the early flowering stage (10 %
bloom). Plants were cut seven times in all the growing seasons (6th May, 3rd June, 29th June, 23rd July,
24th August, 16th September, 21st October in 2015,
25th April, 23rd May, 15th June, 14th July, 04th August,
25th September, 26th October in 2016 and 23rd March,
5th May, 29th May, 22nd June, 19th July, 15th August,
11th September in 2017). Green yield and dry matter

:905?5:9
Strong alkaline
Overcalcic
Brackish
Silty clay loamy

Adequately

The land where the research was conducted,
have silty-clay-loamy soil with organic matter content 2.4 % (adequately) and 8.5 (strong alkaline) pH
level (Table 2). 2 kg of nitrogen and 5 kg of phosphorus per decares were applied during sowing.
Weeds were controlled with hand by hoeing
when needed throughout the growing seasons. During the growing seasons no chemical was applied,
since there were no pests or diseases in the study.
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emphasize that ecological factors such as soil variability and precipitation influence yield and quality of
alfalfa varieties significantly. In addition, variety, region and number of harvests are also important for
the forage yield [25].
When the dry matter yield is considered; it was
statistically significant in all years. Gazipasa-1 genotype was the highest in the first year with the Kas1 genotype, and it was the highest in the second, third
and average years, and also Alanya-1 genotype was
lowest in all and average years. Moreover, dry matter
yield was lower in the third year (2176.2 kg da-1)
than the first and second years (2910.0 -2909.1 kg
da-1).
There are some studies that were carried out in different regions in Turkey and in different countries.
Dry matter yield shows similarity with our results by
Gultekin et al. [22], Kavut et al. [23], Yilmaz and
Albayrak [26] and Avci et al. [27]. Moreover, some
studies show difference with our study by Yucel et
al. [20], Kizil Aydemir et al. [21], Saruhan and
Kusvuran [28] and Albayrak and Turk [29] and Geleti et al. [30]. Higher dry matter yield can be
achieved by regular irrigation. Hence, irrigation was
done when it was necessary because of total amount
of rainfall was low in the experimental area.

%@-75?C;-=-81?1=>The average CP content
of the samples are shown in Table 4. It was found
that Kepez-1, Dosemealti-1 and Kemer-1 genotypes
had the lowest rate of CP (17.19, 17.43 and 17.40 %,
respectively) while the highest rate of CP belongs to
Konyaalti-1 genotype (20.48 %).
While some studies reported higher values than
our study (by Kir [2], Saruhan and Kusvuran [28]
and Tongel and Ayan [31]), some researchers reported lower values (by Kir [2], Saruhan and Demirel [32], Karadag et al. [33]), and also the similar results were reported by Avci et al. [19], Kizil Aydemir
et al. [21], Yilmaz and Albayrak [26], Avci et al.
[27], Saruhan and Kusvuran [28], Geleti et al. [30],
Stanacev et al. [34] and Turan et al. [35]. The crude
protein content is related to the genetic features and
harvest time in alfalfa [36, 37].

yield were measured at each cut in all growing season. In addition, forage quality traits were determined once a year. The samples were dried in the
oven at 70 oC for 48 hours for identification. Total N
content of the samples was determined by the
Kjeldahl method and multiplied by 6.25 to give the
crude protein content [16, 17]. ADF and NDF content were measured by ANKOM fiber analyzer
(ANKOM Technology, Fairport, NY).

'?-?5>?5/-7 -9-7C>5> Statistical analysis were
done by SAS [18] statistical software. The treatment
means were compared by the Duncan's multiple
range test.


&') ('"')''#"

,5170;-=-81?1=>Forage yield data were obtained in seven harvests per year during 2015-2017.
Forage production was calculated separately and totally. It can be seen in Table 3 that the means of alfalfa genotypes for average forage yield were statistically significant in all year. In terms of forage yield,
while Gazipasa-1 genotype was the highest in all
three years; the lowest yields belong to Kemer-1 in
the first year, Dosemealti-1 in the second year, and
Demre-1 in the third year. Additionally, forage yield
was higher in the second year (10405 kg da-1) than in
the first and third years (8916 and 8934 kg da-1).
Forage yield of alfalfa in similar ecologic conditions studies were determined 6097-8791 kg da-1
by Avci et al. [19], 5791-6771 kg da-1 by Yucel et al.
[20], 8284-8775 kg da-1 by Kizil Aydemir et al. [21],
7256-11693 kg da-1 by Gultekin et al. [22], 926012235 kg da-1 by Kavut et al. [23]. While the forage
yield in this study was similar with Gultekin et al.
[22] and Kavut et al. [23], it was higher than others.
Different amount of the forage yield in alfalfa cultivation, could be due to climate, soil structure, fertilization, shape time, number of forms, ecological conditions and various kinds of genotypes used in the
experiment. Thus, Casler and Undersander [24],
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10450 a
6998 d
8562 c
8449 c
7544 d
9378 b
8692 c
10244 a
8426 c
10419 a
8916.0 B
3.83

:=-31C5170630- 


13024 a
12552 a
7769 e
5472 f
10473 bc
9147 cd
10593 bc
8657 ce
9533 cd
8119 de
10652 bc
9581 c
9041 d
7545 e
11574 b
11092 b
10438 bc
7388 e
10949 b
9791 bc
10405.0 A
8934 B
4.24
10.32

!1-9
12009 a
6746 g
9394 de
9233 df
8399 f
9870 cd
8426 f
10970 b
8751 ef
10386 bc
9418.0
9.79


3400.0 ab
2307.8 g
2848.8 de
2752.8 ef
2509.2 ef
3102.4 cd
2822.3 e
3155.5 bc
2722.1 ef
3479.2 a
2910.0 A
4.68

=C8-??1=C5170630- 


3676.8 a
3086.0 a
2196.3 d
1317.5 f
3060.2 b
2251.8 cd
2980.9 b
2105.4ce
2731.1 bc
1958.3de
3049.5 b
2352.7 c
2500.5 cd
1802.9 e
3029.3 b
2686.3 b
2919.7 bc
1817.5 e
2947.6 b
2383.8 bc
2909.1 A
2176.2 B
7.15
9.94

Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.
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3387.6 a
1940.5 f
2720.3 bd
2613.0 ce
2399.5 e
2834.9 bc
2375.2 e
2957.0 b
2486.4de
2936.9 b
2665.1
10.69
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20.11 bc
17.61 f
19.12 ce
17.96 ef
18.13 ef
21.63 a
18.03 ef
19.89 bd
18.56 df
20.98 ab
19.20 A
4.91

$


19.70 ab
17.78 bc
17.44 cd
17.25 bc
18.85 ad
18.01 ac
17.15 d
16.47 c
17.61 cd
16.55 c
20.58 a
19.24 a
17.11 d
17.05 bc
18.51 bd
17.44 bc
17.94 bd
17.55 bc
19.20 ac
18.22 ab
18.41 B
17.56 C
6.11
5.27

!1-9
19.20 b
17.43 d
18.66 bc
17.19 d
17.43 d
20.48 a
17.40 d
18.61 bc
18.02 cd
19.47 b
18.39
5.68




30.92 b
33.95 bc
33.24 ab
34.56 ab
31.11 b
34.57 ab
34.12 a
36.48 a
33.96 a
35.32 ab
31.89 ab
34.78 ab
33.58 ab
35.66 ab
31.95 ab
33.94 bc
32.98 ab
34.58 ab
31.23 b
32.45 c
32.50 B
34.63 A
4.95
3.77


29.88 bd
30.66 ac
28.58 d
31.53 ab
30.63 ac
28.60 d
31.83 ab
29.47 cd
32.27 a
29.03 cd
30.25 C
4.47

!1-9
31.58 d
32.82 bc
31.42 d
34.05 a
33.31 ab
31.76 cd
33.69 ab
31.79 cd
33.28 ab
30.90 d
32.46
4.34

Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.
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41.95 b
43.95
42.96 ab
44.62
42.68 ab
45.51
42.89 ab
44.85
42.14 b
45.87
40.89 b
43.21
44.56 a
45.69
41.55 b
43.21
41.12 b
43.74
40.53 b
43.89
42.13 B
44.45 A
3.49
3.72
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41.98 cd
42.77 cb
42.89 bc
43.42 b
42.75 bc
40.64 e
44.53 a
41.40 de
41.63 de
41.29 de
42.33
3.90


152.50 bc
148.75 bc
153.00 bc
140.75 de
150.25 bc
163.50 a
137.75 e
155.50 bc
148.25 cd
156.25 ab
150.74 A
3.62


143.86 ab
136.57 ac
140.99 ab
135.31 ab
137.94 ac
145.93 ab
131.16 c
143.34 ab
143.35 ab
148.58 a
140.70 B
4.66


132.19 ac
129.21 ad
126.67 bd
125.45 cd
124.49 d
133.06 ab
124.44 d
134.47 a
131.78 ad
134.84 a
129.77 C
3.54

!1-9
142.90 bd
138.25 e
140.24 de
133.90 f
137.66 e
147.64 a
131.11 f
144.57 ac
141.13 ce
146.61 ab
140.40
4.27

Means in the same column followed by the same letter are not significantly different at the P = 0.05 level.

(Konyaalti-1genotype), which was similar to the results of Canpolat et al. [44] with 135. Moreover,
higher values were reported as 207.45 by Putnam et
al. [45], 154.01-189.55 by Geleti et al. [309] between, 225 by Kanani et al. [43] before flowering
time. The reason of this differences can be explained
by low NDF values. Since, the most important factor
in determining RFV values is NDF ratios. Putnam et
al. [45] stated that if the RFV greater than 180, it is
supreme, if it between 150-180, it is premium, if it is
between 125-150, it is good, if it between 100-125,
it is fair and if it is lower than 100, it is utility. In the
our study, all genotypes were in good group in terms
of quality.
In this study general combining ability for total
dry matter yield, crude protein rate and relative feed
value in alfalfa were investigated for all genotypes.
Seven genotypes showed statistical significant in
terms of total dry matter yield. Moreover, seven genotypes showed statistical significant in terms of
crude protein content, and five genotypes were significant in terms of GCA (Table 6).
The select of alfalfa parents must be by means
of progeny test, and it will be used that linked the
target of the breeding program. Analysis of progeny
tests is very important in alfalfa breeding that can
have significant effect on selection of parental populations to be used for developing alfalfa synthetics
varieties.

The average ADF content of the feed samples
are shown in Table 4. The average ADF ranged from
34.05 % (Kepez-1 genotype) to 30.90-31.58 %
(Gazipasa-1 and Kas-1 genotypes respectively),
which was similar to the results of Yucel et al. [20],
Yilmaz and Albayrak [26] and Erbeyi [38]. Moreover, some studies reported higher values than our
study by Kizil Aydemir et al. [21], Geleti et al. [30],
Saruhan and Demirel [32], Cerci et al. [39], and Cinar and Hatipoglu [40]. In addition, Dolezal and
Skladanka [41] reported that with the progress of
vegetation, ADF and NDF fractions and the proportion of nitrogenous compounds decreased at very important levels. Furthermore, crude protein and net
energy levels decreased significantly. It was found
that Kemer-1 genotype had the highest NDF (44.53
%) while the lowest NDF belongs to Konyaalti-1
genotype (40.64 %) (Table 4).
Previous researches made experiments in different region in Turkey and other countries about
NDF. Our results were similar to some researchers
findings (Kir [2], Yucel et al. [20], Yilmaz and Albayrak [26]), were lower (Kizil Aydemir et al. [21],
Geleti et al. [30], Saruhan and Demirel [32], and
were higher (Graw and Marten [37], Filya [42] and
Kanani et al.[43]).
The average RFV value of the feed samples are
shown in Table 5. The average RFV ranged from
137.66 (Dosemealti-1 genotype) to 147.64
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0.271 NS
-0.158 NS
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-1.196**
-6.501**
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1.0777**
6.209**

19.60**
14.77**
1.532

99
99
99
'
85.26
0.269
10.91**
NS: Not significant, *: P<0.05, **: P<0.01; DF: Degrees of freedom SE: Standard error RFV: Relative feed value

End of the research, there were significant differences all investigated traits. In this study, 12009.0
kg da-1 forage yield, 3387.6 kg da-1 dry matter yield,
20.48 % CP, 34.05 % ADF, 44.53 % NDF and
147.64 RFV were determined as the highest values.
In terms of general combining ability; Gazipasa-1,
Aksu-2, Konyaalti-1, Finike-2, Kas-1 and Demre-1
were significantly better than all other genotypes
considering DMY, CP and RFV. New synthetic (S0) variety can be developed by these six genotypes,
thus, they will be used as parental genotypes in a new
synthetic variety.
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Today, agronomists and plant breeders are focused on yields rather than survival of the plants.
Breeding programs are mostly implemented to
develop high-yield cultivars. However, recent global warming-induced abiotic stressors have negatively influenced agricultural production activities and
such impacts compelled the researchers to take new
measures against the negative impacts of climate
change and resultant global warming. Among the
abiotic stressors, water stress, insufficient nutrition,
salinity and high temperature are the leading ones
[2]. Recession in plant growth due to deficit moisture within the plant efficient root zone (through the
soil profile of 0-90 cm) is defined as water stress.
The initial symptoms of water stress realize at stomatal level and stomas close to prevent further
moisture loss through transpiration [3]. Stomal
closure reduces CO2 availability in chloroplasts and
negatively influences net photosynthesis rates [4].
Water stress is exerted on plant tissues under
drought stress and this reduces photosynthesis rates
significantly [5]. Neither the soil moisture content
nor the atmospheric system can accurately put forth
plant inherent water status as much as crop water
stress index [6; 7]. Reginato [8] indicated that
daily crop water stress index values varied based
on atmospheric demands and soil moisture contents. Water stress is experienced when the plant
cover temperature was equal or greater than the air
temperature [9]. Canopy-air temperature difference
(Tc-Ta) is a significant indicator of water stress
[10]. Choudhury and Idso [11] carried out a water
stress study on sunflower and reported significant
effects of air and dew temperatures on plant cover
temperature under high soil moisture conditions.
Plant resistance to droughts and water stress are the
primary target of plant breeders. For plant, leaf
canopy temperatures are the most significant parameters in measuring plant tolerance to water
stress under stress conditions [12]. Moroni et al.
[13] indicated the canopy (leaf-canopy) temperature
as the fastest and the most accurate means of measuring water stress and pointed out that this parameter could be used as a selection criterion in breeding
studies. Crop water stress index values vary based
on plant genotypes, cultivars, environmental and
climate conditions [14]. Water stress is among the
most important factors restricting plant production

The present research was carried out to determine water-stress tolerance of chickpea genotypes
(Diyar 95, Arda, Inci, Seckin, Hasanbey) grown
under (winter planting), different water conditions
[no water-stress (I100); strong water-stress (I0)] in
the years 2016 and 2017. Variance analyses revealed significant differences between the genotypes (P<0.01). As the average of two years, the
greatest yield was obtained from no water-stress x
genotype interaction (I100xHasanbey) with 2681.31
kg ha-1, the lowest yield was obtained from strong
water stress x genotype interaction (I0xSeckin) with
1702.17 kg ha-1. Again as the average of two years,
the greatest chlorophyll content was obtained from
no water-stress x genotype interaction (I100xHasanbey) with 47.78 spad, the lowest value was obtained
from strong water stress x genotype interaction
(I0xSeckin) with 36.81 spad. The greatest crop
water stress index was obtained from strong water
stress x genotype interaction (I0xSeckin) with 0.56,
the lowest value was obtained from no water-stress
x genotype interaction (I100xHasanbey) with 0.18.
The Hasanbey genotype with optimum water use
efficiency and prominent with crop water stress
index and chlorophyll content both in no waterstress and strong water stress treatments was identified as water stress-resistant and the genotype was
considered to have reliable characteristics potentially to be used in further water stress-resistance studies.
&%!"
Chickpea, Water stress, Crop water stress index, Tolerance, Chlorophyll
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Chickpea is the third most important food legume after peas and soybean in the world. It has
considerable importance as a food, feed and fodder.
Due to high protein content, it has become an important component of human diet in developing
world. Turkey is one of the major chickpea producing countries [1].
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24.44
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activities and may result in significant changes in
chlorophyll content and components through hindering photosynthetic activity in plants [15]. The
parameters to be used in identification of drought or
water stress should be easy, rapid, cheap and repeatable [16, 13]. Oraki et al. [17] reported increased chlorophyll b levels, decreased chlorophyll
a and yield levels with increasing water stress levels. Despite very the studies about drought (water
stress) tolerance of wheat plants [18], the studies
about plant responds to water stress in chickpea are
quite limited. For chickpea, efficient selection criteria to be used in distinguishing potential status of
the plants against water stress haven’t been fully
elucidated, yet. That is why in present study (20162017), two different irrigation treatments (I100, I0)
were employed. The present study was conducted
under field conditions in 2016 and 2017 to determine water stress resistance of 5 chickpea genotypes (Diyar 95, Arda, Inci, Seckin, Hasanbey)
grown under strong water-stress and no water-stress
conditions by using kernel yield, crop water stress
index and chlorophyll content values.

-(** 5$/"+
 
58.00
25.00
17.00
Clay
36.04
26.08
1.39
7.66
1.77
2.06
1.90

 
55.00
32.00
13.00
Clay
35.38
25.57
1.41
7.91
1.75
1.80
1.90

#!"#"
Experiments were conducted under natural
field conditions since it is quite hard to transfer the
results of the studies carried out under controlled
conditions like greenhouses or growth chambers
into the practice. Sowing was performed late on
30th of November. Experiments were carried out
over the experimental fields (Saipbeyli village in
farmer conditions) of Siirt Province during the
chickpea growing seasons of 2016 and 2017. The
research site has an altitude of 894 m and is located
on 37˚ 58’ N and 41˚ 50’ E. Diyar 95, Arda, Inci,
Seckin, Hasanbey chickpea genotypes were used as
the plant material of the study. Long-term and annual climate data of the research site (during chickpea growing seasons) are provided in Table 1.
Soil samples were taken before sowing from
0-90 cm soil profile (from three depth segments as
0-30, 30-60 and 60-90 cm). Soil moisture content at
field capacity (33 kPa) was determined in accordance with Klute [19] and bulk density with Blake
and Hartge [20]. Disturbed samples were subjected
to organic matter, texture and permanent wilting
point analyses. Water holding capacity at permanent
wilting point (1500 kPa) was determined in accord-
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(3)

Where;  is volume of water to be applied (L);
 is plot size (m2);  is deficit ratio (%) and  is
cover ratio (%).
Plant canopy width was divided by row spacing to get cover ratios (CR). The ratio was taken as
0.30 and 0.80 for cover ratios of 30% and 80%. The
prInciples specified in Sahin et al. [22] were employed to find out the amount of water to be used in
each plot.
Water budget method was used to calculate
monthly and seasonal evapotranspiration values
Sahin et al. [22]. Water use efficiency (WUE) values were calculated by using Equation 4 [23].

 =




(4)

Where;  is water use efficiency (kg da
mm1);  is yield;  is evapotranspiration (mm).
Plant water consumptions were calculated by
using Equation 5 [22].

 =  +  −  −  ± Δ

(5)

Where;  is evapotranspiration (mm);  is
precipitation (mm);  is amount of irrigation water
(mm); % is surface flow (mm); . is deep percolation (mm); Δ is the change in soil moisture (mm).
Change in CWSI and CC values of Diyar 95,
Arda, Inci, Seckin, Hasanbey chichpea genotypes
grown under I100 and I0 irrigation treatments were
determined in one week intervals. CWSI and CC
measurements were performed along the diagonals
of each plot in four corners in three replications
from the leaves close to head.
CWSI values were calculated by using Equation 6 as recommended by Idso [24].

(1)

 =

Where; #, soil moisture content in depth
(mm); 3 is field capacity (%); 3 is moisture
content of each layer (%); As is bulk density (g
cm-3);  is layer depth (mm). Volume of water to
be applied was calculated by using the following
Equation 2.

 ( 0 − 90 ) =  ( 0 − 30 ) +  (30 − 60 ) +  ( 60 − 90 )



 =  ×  ×  0 × 

ance with Klute [19]. Soil physico-chemical characteristics are provided in Table 2.
Experimental soils were classified as brown
forest soil with low electrical conductivity and
salinity, low phosphorus content, high potassium
content and medium level organic matter content
and lime levels were not posing any problems for
plant growth.
Irrigation water quality parameters were determined in accordance with the method specified
by Tuzuner [21]. Irrigation water quality class was
C2S1 with an average EC value of 0.34 dS m-1 and a
pH value of 7.21. Experiments were conducted in
randomized blocks-split plots experimental design
with 3 replications with genotypes (Diyar 95, Arda,
Inci, Seckin, Hasanbey) on main plots and irrigation
treatments (I100 and I0) on sub-plots.
Irrigation program was scheduled as to have
irrigations once a week. Treatments were selected
as no water-stress treatment (I100) in which 100% of
depleted moisture was supplied and strong waterstress treatment (I0). Therefore, one full irrigation
and strong water-stress treatments were created.
Drip irrigation was used to perform irrigations.
A lateral line (20 mm and 4 atm operational pressure, 0.33 m apart 4 L h-1 drippers) was placed
along each plant row. Soil infiltration rate was
measured as 7 mm h-1. Deep percolation and surface runoff were not considered. Each plot has a
size of 6x1.8 m (10.8 m2) with 4 plant rows with 45
cm row spacing and 10 cm on-row plant spacing. A
buffer zone of 2 m was placed between the experimental plots as to prevent interactions.
All of the phosphorus fertilizer (pure 90 kg
ha-1 P2O5) and nitrogen (280 kg ha-1 N) were supplied at sowing.
Gravimetric moisture content of each layer (030, 30-60 and 60-90) was converted into depth with
Equation 1.

=



[(

−  ) −  ]
 − 

(6)

Where;  is crop water stress index; " is
canopy temperature (°C);  is air temperature (°C);
 is lower limit of water stress;  is upper limit
of water stress.
The lower limit (LL) at which plants did not
experience any water stresses was calculated by the
equation provided by Idso [24] and using regression
analyses between canopy-air temperature and vapor
pressure deficit (VPD, kPa) (Equation 7);

(2)

Where; #(0-90) is soil moisture at 0-90 cm soil
profile (mm); #(0-30) is soil moisture at 0-30 cm soil
profile (mm); #(30-60) is soil moisture at 30-60 cm
soil profile (mm); #(60-90) is soil moisture at 60-90
cm soil profile (mm).
Volume of water to be applied to each plot
was calculated by Equation 3.

 −  = ( − ) × 

(7)

Where; is intermediate section value (°C); !
is slope of the line (kPa °C-1);  is vapor pressure deficit (kPa).
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⎡ 17.27  ⎤
 = 0.61078 exp ⎢
⎥ (8)
237
.
3

+
⎦
⎣
(9)
 =  − [ × ( −  )]
Where; $3 is saturated vapor pressure at wetbulb temperature (kPa); $ is actual vapor pressure
at air temperature (kPa); 3 is wet-bulb temperature
(°C);  is psychrometric constant (kPa °C-1);  is
barometric pressure (kPa).
Psychrometric constant (A) was calculated
from the following equation;
(10)

Saturated vapor pressure was calculated by using the following equation;

!"  ! 

Four irrigations were performed in all irrigation treatments. Irrigation water applied in 2016 and
2017 was measured as 137.50 and 152.23 mm in no
water-stress treatments. Seasonal plant water consumptions varied between 313.50-348.33 mm in no
water-stress treatments (Table 3). Higher ETa values of strong water-stress treatments were because
plants continued to benefit from the residual moisture in soil from the winter precipitations even after
termination of irrigations. Water consumptions of
the same plant genotypes may vary based on climate and regions and such values may even vary
within the same region. Relevant differences might
be due to the differences in plant genotypes, climate
parameters, soil properties, method of irrigation and
irrigation schedules.
The variations in yield and physiological characteristics of Diyar 95, Arda, Inci, Seckin, Hasanbey genotypes with irrigation water quantities
are provided in Table 3, correlation coefficients
between yield and other parameters are provided in
Table 4. Significant differences were observed in
yield, CWSI, CC and WUE values of the genotypes
(P<0.01) and such differences were then subjected
to LSD test (grouping) (Table 3). In the first year of
experiments, the greatest yield in strong waterstress treatments (2143.33 kg ha-1) was obtained
from I0xHasanbey interaction with a low CWSI
(0.35) and CC (40.20 spad) value and the lowest
yield (1703.33 and 1743.33 kg ha-1) was obtained
from I0xSeckin and I0xDiyar 95 interaction with a
high CWSI (0.55 and 0.46) and a low CC (37.33
and 39.50 spad) value. The greatest yield in no
water-stress treatments (3016.62 kg ha-1) of the first
year was obtained from I100xHasanbey interaction
with a low CWSI (0.17) and a high CC (48.27 spad)
values and the lowest yield (2360 kg ha-1) was ob-

⎡ 17.27  ⎤ (11)
 ×  = 0.61078 exp ⎢
⎥
⎣ 237.3 +  ⎦

Vapor pressure deficit (VPD) was calculated
as the difference of saturated vapor pressure at drybulb temperature from the actual vapor pressure at
the same temperature;

 = [( ×  ) −  ]



ments (a total of 12 readings) were taken along the
diagonal of the plot. CC increases as the value approaches to 1 and decreases as the value approaches
to 0.
Harvest was performed when the seed moisture content decreased to 10% to determine the
yields. Side rows and 0.5 m space at top and bottom
of inner two rows were omitted as to consider side
effects.
Analysis of variance (ANOVA) was performed in accordance with randomized blocks-split
plots experimental design. Significant treatments
were then subjected to LSD (Least Significant Difference) multiple comparison tests. Correlation
analyses were carried out to identify the relationships between the traits. The directions of the relationships (positive or negative) were determined.
Analyses were carried out with JUMP 5.0.1a statistical software [27].


!"$#""$""

Vapor pressure deficit was calculated with
basic psychrometric equations [25]. These equations are provided below;

 = [0.00066 (1 + 00115 )]



(12)

Where; $  x  is saturated vapor pressure at
dry-bulb temperature (kPa).
The upper limit (UL) at which plants experienced full-water stress was calculated by using the
equations recommended by Idso et al. [26];
(13)
 −  = ( −  ) × 
 = [( ×  ) −  × ( +  )] (14)
Where; and ! are lower limits (LL) at which
there are no water stress;  is slope of negative
atmospheric vapor pressure required for the training
of zero canopy-air vapor pressure.
CC of the genotypes was measured with a
portable chlorophyll meter. Measurements were
initiated when the plant cover ratio of the plots
reached to 80% and performed throughout the
growing season before and after the irrigations from
the same plant and same leaves. Measurements
were performed in days with clear sky and between
12:00-14:00 hours when the change in sun-ray angles
the least. Chlorophyll-meter measurements were
taken from the leaves just beneath the chickpea
head, the device was oriented over the leaf as not to
create a shade over it and 3 subsequent measure-
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ance of chickpea genotypes to water stress and
other abiotic stress factors.
In the first year of experiments, the greatest
CC (40.20 spad) in strong water-stress treatments
was obtained from I0xHasanbey interaction and the
lowest value (37.33 spad) was obtained from
I0xSeckin interaction. The greatest CC (48.27 spad)
in no water-stress treatments of the first year was
obtained from I100xHasanbey interaction and the
lowest value (42.40 spad) was obtained from
I100xSeckin interaction. Variance analyses revealed
that genotypes had also significant effects on CC
values. The greatest CC (44.23) was observed in
Hasanbey genotype and the lowest value (39.86
spad) was observed in Seckin genotype. In the
second year of experiments, the greatest CC (39.26
spad) in strong water-stress treatments was seen in
I0xHasanbey interaction and the lowest value
(36.30) was observed in I0xSeckin interaction. In no
water-stress treatments of the second year, the
greatest CC (47.30 spad) was seen in I100xHasanbey
interaction and the lowest value (41.20) was observed in I100xSeckin interaction. Variance analyses
revealed also for the second year that genotypes had
significant effects on CC values with the greatest
value (43.28) in Hasanbey genotype and the lowest
value (38.75 spad) in Diyar 95 genotype. The decrease in CC values was low in drought-resistant
genotypes and high in sensitive genotypes (Table
3). Plants have different resistances to stress conditions [36]. Robert et al. [37] reported decreased
chlorophyll a, b and total chlorophyll contents in
plants under water stress. Several other researchers
also reported decreased leaf chlorophyll contents
under water stress conditions [38; 39]. It was also
reported in previous studies that CC values might
vary based on plant genotypes, cultivars, environmental and climate conditions [14]. Present findings
comply with those earlier results.
In the first year of experiments, the greatest
CWSI (0.55) in strong water-stress treatments was
seen in I0xSeckin interaction and the lowest (0.35)
was observed in I0xHasanbey interaction. In no
water-stress treatments of the first year, the greatest
CWSI (0.26) was seen in I100xSeckin interaction
and the lowest (0.17) was observed in I100xHasanbey interaction. Variance analyses revealed that
genotypes also had significant effects on CWSI
values with the greatest value (0.40) in Seckin genotype and the lowest value (0.26) in Hasanbey
genotype. In the second of experiments, the greatest
CWSI (0.57) in strong water-stress treatments was
observed in I0xSeckin interaction and the lowest
value (0.35) was seen in I0xHasanbey interaction. In
no water-stress treatments of the second year, the
greatest CWSI (0.27) was observed in I100xSeckin
interaction and the lowest value (0.18) was seen in
I100xHasanbey interaction. Variance analyses again
revealed that genotypes had significant effects on
CWSI values with the greatest value (0.43) in

tained from I100xSeckin interaction with a high
CWSI (0.26) and a low CC (42.40 spad) value.
Genotypes also had significant impacts on yields
(P<0.01). The greatest yield (2731.14 kg ha-1) was
obtained from Hasanbey genotype and the lowest
yield (1836.66 kg ha-1) was obtained from Seckin
genotype. In the second year of experiments, the
greatest yield (2013.61 kg ha-1) in strong waterstress treatments was obtained from I0xHasanbey
interaction with a low CWSI (0.35) and a high CC
(39.26 spad) value and the lowest yield (1701 kg
ha-1) was obtained from I0xSeckin interaction with a
high CWSI (0.57) and a low CC (36.30) value. The
greatest yield (2346 kg ha-1) in no water-stress
treatments of the second year was obtained from
I100xHasanbey interaction with a low CWSI (0.18)
and a high CC (47.30 spad) value and the lowest
yield (2033.66 kg ha-1) was obtained from
I100xSeckin interaction with a high CWSI (0.27) and
a low CC (41.20) value. Variance analyses revealed
that genotypes had significant effects on yields also
in the second year of the experiments (P<0.01).
Similar to the first year, the greatest yield (2179.83
kg ha-1) was observed in Hasanbey genotype and
the least (1831 kg ha-1) in Seckin genotype. The
other genotypes was placed in between these two
genotypes in both years. As to conclude, significant
interactions were observed between irrigation
treatments and genotypes. Complying with the
present findings, Kassab et al. [28] also reported
significant interactions between irrigation treatments and genotypes. Water deficits in flowering
period may cause considerable yield losses [29]. In
addition, Afkari [30),Kassab et al.[28] showed that
water deficits significantly reduced plant heights,
number of seeds per head, leaf area index and leaf
relative water content of chickpea. Current findings
comply with the results of Ali and Shui [29], Afkari
[30] and Kassab et al. [28]. However, Alahdadi et
al. [31] reported substantial yield losses at shortterm water deficits. Moisture deficiencies may
negatively influence plant regeneration since plant
is quite sensitive to drought stress during pollination period [32]. Zaeifizade and Goliov [33]
showed that deficit moisture levels from budding to
the end of flowering had devastating impacts on
yields. In addition, Chimenti et al. [34] indicated
flowering and seed maturity stages as the sensitive
stages of plants to water-stress. Current results are
in line with the findings of [32, 33, 34]. Darvishzadeh et al. [35] carried out a selection study for water
stress resistance of genotypes and reported that
relevant genotypes exhibited similar performances
both under water stress conditions and optimum
conditions. Therefore in present study, the genotype
Hasanbey with similar yield performance under
both strong water-stress and no water-stress conditions were found to be prominent. Then, it was
determined that this genotype could be used in
studies to be carried out for the resistance or toler-
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Seckin genotype and the lowest value (0.27) in
Hasanbey genotype. CWSI values of the second
year were relatively higher than the CWSI values of
the first year (Table 3). Drier conditions of the
second year as compared to the first year increased
evapotranspiration, thus CWSI values were found
to be higher in the second year. Decreased CC and
higher CWSI values were reported for water stress





!"  ! 

treatments [40]. Thusly, Khayatnezhad et al. [41]
reported decreased chlorophyll contents and then
reduced yields with water stress treatments in
plants. Current findings comply with those earlier
findings. Hasanbey with high yield, CC and low
CWSI values were identified as resistant and the
others were identified as sensitive.
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2016 (First year)
Irrigation treatments
I100 (FI)
2407.52 a
0.21 b
45.17 a
137.50
I0 (DI)
2079.13 b
0.43 a
38.99 b
0.00
Average
2243.32
0.32
42.08
68.75
LSD (0.05)
18.65
0.0095
0.86
Varieties
Hasanbey
2731.14 a
0.26 e
44.23 a
137.50
Inci
2460.50 b
0.29 d
43.23 b
137.50
Arda
2306.66 c
0.31 c
40.95 d
137.50
Diyar 95
1881.66 d
0.34 b
42.12 c
137.50
Seckin
1836.66 e
0.40 a
39.86 e
137.50
Average
2243.32
0.32
42.08
137.50
LSD (0.05)
41.74
0.012
0.58
Varieties x irrigation treatments
I100x Hasanbey
3016.62 a
0.17 ı
48.27 a
137.50
I100x Inci
2561.00 b
0.19 hı
47.10 b
137.50
I100x Arda
2470.00 c
0.20 h
43.34 d
137.50
I100x Diyar 95
2445.66 c
0.23 g
44.74 c
137.50
I100x Seckin
2360.00 d
0.26 f
42.40 e
137.50
I0x Hasanbey
2143.33 e
0.35 e
40.20 f
0.00
I0xArda
2020. 00 f
0.41 c
38.56 h
0.00
I0x Inci
1970.00 f
0.39 d
39.36 gh
0.00
I0x Diyar 95
1743.33 g
0.46 b
39.50 fg
0.00
I0x Seckin
1703.33 g
0.55 a
37.33 ı
0.00
Average
2268.14
0.32
42.08
68.75
LSD (0.05)
59.04
0.02
0.81
2017 (Second year)
Irrigation treatments
I100 (FI)
2206.73 a
0.22 b
44.11 a
152.23
I0 (DI)
1966.20 b
0.44 a
37.97 b
0.00
Average
2086.46
0.33
41.04
76.11
LSD (0.05)
43.77
0.016
0.91
Varieties
Hasanbey
2179.83 a
0.27 e
43.28 a
152.23
Inci
2153.50 b
0.30 d
42.22 b
152.23
Arda
2143.66 b
0.32 c
39.95 d
152.23
Diyar 95
1985.83 c
0.35 b
38.75 e
152.23
Seckin
1831.50 d
0.43 a
41.11 c
152.23
Average
2058.46
0.34
41.04
152.23
LSD (0.05)
23.22
0.01
0.51
Varieties x irrigation treatments
I100x Hasanbey
2346.00 a
0.18 ı
47.30 a
152.23
I100x Inci
2307.33 b
0.20 ı
46.06 b
152.23
I100x Arda
2303.31 b
0.21 h
42.26 d
152.23
I100x Diyar 95
2043.32 c
0.24 g
43.73 c
152.23
I100x Seckin
2033.66 c
0.27 f
41.20 e
152.23
I0x Hasanbey
2013.61 cd
0.35 e
39.26 f
0.00
I0xArda
1984.00 d
0.42 c
37.43 h
0.00
I0xInci
1991.62 d
0.41 d
38.36 g
0.00
I0x Diyar 95
1928.31 e
0.47 b
38.50 g
0.00
I0x Seckin
1701.33 f
0.57 a
36.30 ı
0.00
Average
2268.14
0.33
42.08
76.11
LSD (0.05)
32.71
0.02
0.72
**, significant at P≤0.01; means in the same column with the same letter are not significantly different
/$ 1+$,10
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313.50
176.00
244.75

0.77
1.18
0.98

313.50
313.50
313.50
313.50
313.50
313.50

0.87
0.78
0.74
0.60
0.59
0.72

313.50
313.50
313.50
313.50
313.50
176.00
176.00
176.00
176.00
176.00
244.75

0.96
0.82
0.79
0.78
0.75
1.21
1.14
1.11
0.99
0.97
0.95

348.33
196.10
272.21

0.63
1.00
0.82

348.33
348.33
348.33
348.33
348.33
348.33

0.63
0.62
0.61
0.57
0.56
0.60

348.33
348.33
348.33
348.33
348.33
196.10
196.10
196.10
196.10
196.10
272.21

0.67
0.66
0.66
0.59
0.58
1.02
1.01
1.01
0.98
0.97
0.82
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0.734**
0.653**
0.911**
($*#
-0.811**
-0.828**
0.981**


0.734**
0.583**
0.794**

-0.811**
0.573**
-0.810**


0.653**
0.583**
0.816**

-0.828**
0.573**
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As the average of two years, the greatest yield
was obtained from I100xHasanbey interaction
(2681.31 kg ha-1) and the lowest yield was obtained
from I0xSeckin interaction (1702.17 kg ha-1). The
greatest CC was observed in I100xHasanbey interaction (47.78 spad) and the lowest value was seen in
I0xSeckin interaction (36.81 spad). The greatest
CWSI was observed in I0xSeckin interaction (0.56)
and the lowest CWSI was observed in I100xHasanbey interaction (0.18). There was an inverse relationship between irrigation water and CWSI and a
direct relationship between irrigation water and CC.
CWSI values decreased and CC values increased
with increasing irrigation water quantities. However, such increase or decreases were not constant and
varied based on genotypes even in no water-stress
treatments. The greatest WUE (0.75 kg da mm-1)
was observed in Hasanbey genotype. The lowest
WUE (0.60 kg da mm-1) was observed in Seckin
genotype. Therefore, the genotype Hasanbey was
found to be prominent both in strong water-stress
and no water-stress treatments and optimally converted applied irrigation water into the yield. The
water stress-induced reduction in CC was low in
water-stress resistant genotypes and high in sensitive genotypes. In brief, in strong water-stress and
no water-stress treatments of the experimental
years, yield, CWSI and CC values of Hasanbey
genotype were above the averages. Therefore, Hasanbey genotype was identified as water stressresistant and can be used in further studies to be
carried out for resistance to abiotic stress factors.
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Significant correlations were observed between yield and CWSI and between yield and CC
values (P<0.01). The correlation coefficients (r) for
the relationships of yield with CC, CWSI and WUE
are presented in Table 4a and b respectively for the
years 2016 and 2017. Each year was assessed in
itself to see the year-based variations in correlation
and regression between the investigated traits. Significant correlations were observed between the
investigated traits in 2016 (P<0.01). There was an
increasing correlation between CC and yield (r=
0.911**). The regression analysis between these two
parameters revealed a linear relationship as of
Yield= -1247.00 + 116.00 x (CC). In this relation, 1
spad increase in CC corresponds to 1.125 kg increase in yield. Coefficient of determination was
observed as R2= 87%. In other words, the change in
yield was 87% influenced by CC. There was decreasing correlation between CWSI and yield (r= 0.658**). The regression analysis between these two
parameters revealed a negative linear relationship
as of Yield= 4811.24 - 3879.63 x CWSI. In this
relationship, 1 unit increase in CWSI corresponds
to 0.911 kg decrease in yield. Coefficient of determination was identified as R2= 45.5%.

  
Yield
WUE
CWSI
CC
!  
Yield
WUE
CWSI
CC




0.911**
0.794**
0.816**

0.981**
-0.810**
-0.866**

%#"

-0.866**

**, P<0.01; WUE, water use efficiency; CWSI,
crop water stress index; CC, chlorophyll content
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Significant correlations were also observed between all parameters in 2017 (P<0.01). There was a
highly positive correlation between CC and yield
(r= 0.981**). The regression analysis between these
two parameters revealed a linear relationship as of
Yield= -927.24 + 103.67 x CC. In this relationship,
1 spad increase in CC corresponds to 0.810 kg
increase in yield. Coefficient of determination was
identified as R2= 90%. In other words, the change
in yield was 90% influenced by CC. There was a
decreasing correlation between CWSI and yield (r=
-0.828**). The regression analysis between these
two parameters revealed a linear relationship as of
Yield= 4842.51 - 4071.34 x CWSI. In this relationship, 1 unit increase in CWSI corresponds to 0.770
kg decrease in yield. Coefficient of determination
was identified as R2= 63.9%. In other words, the
change in yield was 63.9% influenced by CWSI.
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industries. The waste effluents of these industries
contain colored dye material and the direct disposal
of such colored effluents into rivers/natural water
resources causes severe water pollution problem [1,
2]. It is estimated that 2% of dyes produced annually are discharged in effluent from manufacturing
operations, while 10% is discharged from textile
and associated industries [3]. It is important to find
an effective way of dyes pollution treatment for our
environment, because dyes are harmful to human
beings and toxic to microorganisms. The dyes can
cause the decrease of water transmittance and hinder the growth of bacteria and other microorganisms simultaneously. Furthermore, the dyes
can disturb the aquatic photosynthesis and damage
the ecosystem [4]. To address this problem, various
types of techniques like physical treatment including adsorption, membrane filtration, ion exchange
and electrochemical techniques; physicochemical
treatment including coagulation and flocculation,
reverse osmosis, chemical oxidation, ozonation;
biological treatment including activated sludge,
bacterial action are used to remove dyes from waste
waters [2, 5]. Among these, adsorption is one of the
simple, efficient and cost effective methods widely
used to remove dyes from waste water [1].
In adsorption process, so far, various types of
natural and synthetic adsorbents such as alümina,
magnetite, pyrolusite, rutile, zirconia, silica gel,
geothite, heamatite, amorphous manganese oxide,
amorphous ferric oxide, sepiolite, perlite, kaolinite,
mica, TiO2 and ZnO nanoparticles, nanomagnetic
manganese ferrite (NMMF) ets. have been reported
to remove organic and inorganic materials from
waste waters [2]. From last two decades, nano materials, polymers and their composites are being
widely used in different fields due to their certain
properties like large surface area, varying oxidation
states and small pore size. Also, studies reveal that
various surface properties such as adsorption, electric, magnetic and tensile strength are enhanced by
surface modification/functionalization as compared
to individual nano materials [1]. Polymethyl methacrylate (PMMA) contains C=O and C-O functional
groups, which generates strong adsorption and
complexation interactions with dyes via the hydrogen bonding, electrostatic attraction, and van der

ABSTRACT
In the present study, polymethyl methacrylate
PMMA/glass fiber (GF) composite was synthesized
by melting method, characterized by using different
techniques like Fourier Transform InfraredAttenuated Total Reflection (FTIR-ATR), Scanning
Electron Microscope (SEM), Differential Thermal
and Thermo Gravimetric Analysis (DTA/TG),
Nanozetasizer, and Differential Scanning Calorimetry (DSC), and then, the effect of pH and temperature on the removal efficiency with PMMA/GF
composites of methylene blue (MB) from aqueous
solutions was investigated in batch adsorption system. SEM image showed that GFs had fiber, and
dispersed in polymer matrix; DTA/TG and DSC
that the thermal stability of PMMA increased with
the adding of GF into PMMA matrix, and changed
the decomposition mechanism of PMMA.
PMMA/GF
composite
exhibited
higher
decomposition temperature. Higher solution pH (3
to 9) favoured the adsorption of MB dye. The dye
adsorption increased from 0.57x10-5 mol/g to
4.36x10-5 mol/g on increasing the initial pH from 3
to 9. The high-temperature also promoted the adsorption capacity of the composite, where at 50 °C
the adsorption capacity was reached 6.18x10-5
mol/g, which showed that adsorption process was
endothermic. The Langmuir and Freundlich adsorption models were used for the numerical depiction
of equilibrium data, and the best fit was obtained
using the Langmuire isotherm model due to high
correlation coefficient. The results indicated that
PMMA/GF composite was a promising adsorbent
for the removal of dyes from aqueous solution.

KEYWORDS:
PMMA, glass fiber, composite, characterization, adsorption.

INTRODUCTION
Dyes are colored organic compounds that are
applied to give color to different types of materials
in textile, pharmaceutical, leather, paper and food
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Waals force, etc. The adsorption types include
physical adsorption and chemical adsorption, so
PMMA-based adsorbent materials can adsorb all
kinds of dye molecules [6].
The different composites and nanocomposite
of polymers have been gaining increase attention by
researchers globally due to the superior properties
which they exhibit when compared with either the
polymer or clay separately. Several polymer-based
composites or nanocomposites were studied as
adsorbents for the removal of dyes from aqueous
solution. Baseri et al. (2012) synthesized polyaniline coated sawdust (polyaniline nano composite)
via direct chemical polymerization and used as an
adsorbent for the removal of acid dye (acid violet
49) from aqueous solutions [7]. Mahmoodi et al.
(2011) investigated the dye adsorption properties of
novel biocompatible composites and found that
SA/n-TiO2 could be effectively used as a biocompatible composite adsorbent for the removal of
anionic dyes [3]. Pandimurugan and Thambidurai
(2016) prepared a new hybrid composite consisting
of aniline and SW±ZnO composite by polymerization using an APS as initiator and found that that
adsorptive removal of methylene blue was affected
by solution pH, initial solution concentration and
dosage concentration [8]. Sandeman et al. (2011)
studied adsorption of anionic and cationic dyes on
activated carbons, PVA hydrogels, and PVA/AC
composite from aqueous solutions [9]; Panic and
Velickovic (2014) the removal of cationic dye by
adsorption onto polymethacrylic acid/zeolite hydrogel composites [10]; Casey and Wilson (2015) the
adsorption of MB dye on Chitosan-PVA composite
films [11]; Datskevich et al. (2010) the adsorption
of methyl orange and MB on cationic starch and
sodium alginate-based composite under different
conditions [12]. Therefore, in this work, it was
firstly prepared PMMA/GF composite by melting
method; characterized using Fourier Transform
Infrared-Attenuated Total Reflection (FTIR-ATR),
Scanning Electron Microscope (SEM), Differential
Thermal and Thermo Gravimetric Analysis (DTA/
TG), Nanozetasizer, and Differential Scanning
Calorimetry (DSC); and used as effective adsorbents for MB dye. Meanwhile, the effects of pH and
temperature on the adsorption were evaluated, and
the experimental data were applied to Langmuir and
Freundlich isotherms.

Synthesis of PMMA/GF Composite. A corotating twin-screw-microcompounder DSM xplore
was used for compounding PMMA/GF composite.
Before melting processing, GF was added into the
dewar vessel filled with liquid nitrogen and grinded
with Warning Blender. Then, PMMA and grinded
GF were dried at 50°C under vacuum oven for 24h.
PMMA and grinded GF were dry-mixed by shaking
in a plastic case for 5 min before feeding into the
compounder. Grinded GF content of PMMA/GF
composite was 10 wt%. PMMA and grinded GF
were added to a co-rotating twin-screwmicrocompounder by using feeding unit, respectively. PMMA/GF composites were prepared in a twinscrew extrude machine at a screw speed of 80 rpm,
and melt temperature at 200°C. After mixing, composite films were dried in a vacuum oven at 50°C
for 48 h prior to characterization [6, 13, 14].
TABLE 1
The physical characteristics and molecular
structure of MB dye
Dye name Methylene blue
Abbreviation
MB
663 nm
Chemical
C16H18ClN3S
formula
Molecular
structure

Characterization of PMMA/GF Composite.
The prepared composites were characterized using
FTIR-ATR, SEM, DTA/TG and DSC. FTIR-ATR
spectra of PMMA, GF and their composite were
obtained in the wavelength range of 4000 to 650
cmí1 using a PerkinElmer Spectrum 100. Thermogravimetric analysis was performed using PerkinElmer Diamond Simultaneous DTA/TG instrument with a heating rate of 10 ºC/min from room
temperature to 600 ºC under nitrogen atmosphere.
In order to investigate the morphological properties
of the samples, scanning electron microscope
(SEM) was used (Zeiss EVO LS 10). Glass transtiton temperatures (Tg) of PMMA and PMMA/GF
samples were measured by differential scanning
calorimeter (Perkin Elmer DSC 4000 calorimeter)
at a heating or cooling rate of 10°C/min under nitrogen atmosphere between room temperature and
300°C.

MATERIALS
Polymethyl methacrylate, methylene blue and
other all chemicals were obtained from Merck,
CarloErba and Sigma-Aldrich, and were analytical
grade. The structure and its some properties of MB
were given in Table 1.

Zeta
Potential
and
Particle
Size
Measurements. Before zeta potential and particle
size
mesurements,
PMMA/GF
composite
synthesized by the melting method was firstly
added into the dewar vessel filled with liquid

METHODS
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MB solution (L), and W is the mass of PMMA
sample used (g) [17-19].

nitrogen. Then, these composite samples were
grinded with Warning Blender. The zeta potentials
and particle sizes of these grinded PMMA/GF composites were measured by a Zetasizer Nano (Malvern) instrument. The zeta potential measurements
and particle sizes were carried out as a function of
solution pH. In this procedure, 0.1 g of PMMA/GF
composites were transferred to a 100 mL polyethylene bottle to which 50 mL of an aqueous solution
was added, yielding a final composite concentration
of 2 g/L. The PMMA/GF composites were dispersed by a thermostated shaker bath. The pH was
measured with a combination electrode (Orion
920A calibrated with pH 4.00, 7.00 and 10.00
standards) and adjusted by dropwise addition of
HCl or NaOH solutions. After being shaken overnight (24 h), the samples were allowed to stand for
5 min to let larger particles settle. An aliquot taken
from the supernatant was used to measure the zeta
potentials and particle sizes. An average of 10
measurements was taken to represent the measured
potential and particle sizes [15, 16].

RESULTS AND DISCUSSION
Characterization of PMMA/GF Composites. The experimental results for the characterization of the PMMA/GF composite synthesized by
the melt method are given below.
Particle size of Grinded PMMA/GF Composite. Figure 1 has shown the variation of the
particle size of the grinded PMMA/GF composite
with the suspension pH. As can be seen in Figure 1,
the particle size of the grinded PMMA/GF composite varies in the range of 40-350 nm with the pH.
The decrease in particle size of PMMA/GF composite with increasing pH may be due to the
PMMA/GF composite that have more negatively
charged at high pH pushing each other.

Adsorption Experiment. Adsorption experiments were carried out by shaking 0.1 g PMMA/GF
composite with 50 mL aqueous solution of MB of
desired concentrations at different pHs (3-9) and
temperatures (30-50 0C) for 24 h. The pH of the
solution was adjusted with NaOH or HCl solution
by using a Orion 920A pH-meter with a combined
pH electrode. pH-meter was standardized with NBS
buffers before every measurement. Preliminary
experiments revealed that about 24 h times were
required for the adsorption process to reach the
equilibrium concentration. A constant temperature
bath was used to keep the temperature constant. An
agitator incubator stirrer at 30 oC and 150 rpm for
24 h continuously agitated the mixture. At the end
of the period of adsorption, solutions were centrifuged in 15 minute at 3500 rpm and remaining MB
solutions were diluted. Preliminary experiments
showed that the effect of the separation time on the
amount of adsorbed dye was negligible. The
amount of adsorbed dye on PMMA/GF composite
was measured at a 663 nm wavelength, at which the
maximum absorbance occurred. The amounts of
dye adsorbed were calculated from the concentrations in solutions before and after adsorption. Each
experimental point was an average of two independent adsorption tests. The MB concentration on
PMMA/GF composites was calculate according to
Equation (1)

qe

V
C0  Ce
W

FIGURE 1
The variation of particle size with pH of
PMMA/GF composite

FIGURE 2
The variation of zeta potential with pH of
PMMA/GF composite
Zeta Potential Measurement. The pH of zero
point charge (pHzpc) in adsorption describes the
conditions when electric charge density on the surface is zero. The observed pH of zero point charge
for PMMA/GF composite was found to be about 3
(Figure 2). This means at about pH 3, there will be
a net zero charge on the surface and below this pH a
net positive charge will be there and above this pH

(1)

where Co and Ce are the inital and equilibrium
liquid-phase concentrations of MB solution
(mol/L), respectively; qe is equilibrium MB concentration on adsorbent (mol/g), V is the volume of
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structure of materials, determination of elements
and phases, and accurate particle size
measurements. In addition, it is used to determine
surface roughness, coating thickness and damages
like fracture, crack etc. [23]. SEM images of GF,
grinded GF, PMMA/GF composite and grinded
PMMA/GF composite have been given in Figure 4.
GFs consist of fiber structures with a diameter of 510 μm. When these structures were grinded, it was
seen that the length of GF shortened. From SEM
image of PMMA/GF composites synthesized according to the melting method, it can be said that
GFs in the PMMA matrix have homogeneously
dispersed. SEM images of the grinded PMMA/GF
composite show that GFs are present on and in the
surface of the polymer matrix. Again, from SEM
image of grinded PMMA/GF composite, it can be
seen there is no significant change in the structures
of GFs and preserves the fiber properties.

a net negative charge will be there on the surface of
the adsorbent [1, 20].
FTIR-ATR Analysis. Infrared spectroscopy is
one of the most often used spectroscopic tools for
the study of polymers. Using FTIR spectroscopy, a
lot of research work has been done in the recent
past for the study of polymers in various ways, e.g.
identification of polymers and additives, studies of
coupling effects, conformational studies, stereochemical studies, studies relating to crystalline
forms, crystallinity of polymers and fibres, orientation in polymers and fibres and end group analysis
[21]. IR spectroscopy has been usefully applied for
identification of the basic structural units present in
the chemical configuration of PMMA and GF.
FTIR-ATR spectra of PMMA, GF and PMMA/GF
composite are presented in Figure 3. FTIR-ATR
spectra of PMMA show asymmetric stress peak of
aliphatic C-H (2990 cm-1), symmetric stress peak of
C-H and (C)CH3 (2950 cm-1), peak of >C=O (1723
cm-1), bending peaks of CH3,-CH2, O-CH2- (1435
cm-1), a band of functional group C(C=O)-O (1240
cm-1) and a peak of C-O (1144 cm-1) [6,14,22]. The
characteristic peaks of GF are 1409, 957 and 774
cm-1 and belong to SiO stretching vibrations. As
can be seen from Figure 3 in the composite case,
there is no significant change in the band intensities
and band locations of PMMA and GF.

DTA/TG and DSC. One of the important
properties of polymeric materials is its thermal
behavior. TGA is a thermo analytical method used
to study the thermal properties of different materials. In this procedure, the weight of a sample is
continuously monitored as the sample temperature
increases. When a sample decomposes or degrades,
normally the decomposition components volatilize
off, resulting in a change in weight [21]. Figure 5a
and b shows the TG and d[TG] thermograms of
PMMA and PMMA/GF composite performed at a
temperature range of 30±600 °C at a heating rate of
10 °C per minute under nitrogen atmosphere. It is
clearly evident that the samples exhibited different
thermal degradation behaviours.

SEM Analysis. With scanning electron
microscopy, surface images of biological, organic
and inorganic materials can be taken up to the
nanometer level with a magnification of 600.000
times. SEM is used in the investigation of chemical

FIGURE 3
FTIR-ATR spectra of GF, PMMA and PMMA/GF composite
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a

b

c

d
FIGURE 4
SEM images of a.) GF, b.) grinded GF, c.) PMMA/GF composite and d.) grinded
PMMA/GF composite

a

b
FIGURE 5
a.) TG and b.) d[TG] thermograms of PMMA and PMMA/GF
TABLE 2
Thermal stability parameters of PMMA and PMMA/GF composite
Samples
PMMA
PMMA/GF
(10 wt.%)

T5
(ºC)
253
202

T10
(ºC)
270
264

T30
(ºC)
308
352

T50
(ºC)
361
381

Tmax1
(ºC)
210

DeltaY1
(%)
8.2

Tmax2
(ºC)
285
285

DeltaY2
(%)
34.3
12.4

Tmax3
(ºC)
385
390

DeltaY3
(%)
63.8
69.7

Residue
(%)
1.5
8.6

Tg
(ºC)
198
207

50% weight losses are 253 0C, 270 0C, 308 0C and
361 0C for PMMA, and 202 0C, 264 0C, 352 0C and
381 0C for PMMA/GF composite, respectively
(Table 2). Unfilled PMMA degrades at slightly
lower temperatures than GF filled PMMA. This
means that GF filled PMMA is thermally more
stable than unfilled PMMA [24].

The degradation process is two stages for
PMMA and three stages for PMMA/GF. PMMA
have undergone 34.3 % and 63.8 % decomposition
in first and second stages, and PMMA/GF 8.2 %,
12.4 % and 69.7 % decomposition in first, second
and thirth stages, respectively. The degradation
temperatures corresponding to 5%, 10%, 30% and
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of PMMA/GF composite, thereby decreasing electrostatic attractions between positively charged dye
cations and positively charged adsorption sites and
causing an decrease in dye adsorption [3,26,27].
This explanation agrees with our data on pH effect.
It was observed that as the pH of solution increased,
the dye removal efficiency also increased consistently (Figure 7). The PMMA/GF contains C=O and
C-O groups, which is easily protonated in acidic
solutions. The high adsorption capacity is due to the
strong electrostatic interaction between the C=O
and C-O groups of PMMA/GF composite and dye
cations [28]. The pH value of point zero charge
(pHzpc = about 3) indicated that the PMMA/GF
composite behaved anionic in nature above pHzpc
value, due to that reason the electrostatic attraction
was low at acidic pH. Also, at lower pH values, H+
ions compete with the cationic dye molecules (Figure 7). The extent of adsorption increased with the
increase in pH value because surface charge density
decreased due to which the electrostatic attraction
between the adsorbent and the dye molecules increased [1]

Tg value and DSC thermograms of PMMA
and PMMA/GF composite were given in Table 2
and Figure 6. When Tg value of pure PMMA was
198 0C, Tg value of PMMA/GF composite was
found as 207 0C. The results showed that Tg value
of PMMA was increased by adding of GF into
PMMA matix about 9 0C. TG and DSC curves
showed that the PMMA/GF composite was thermally more stable than pure PMMA.
Adsorption of MB. The adsorption of MB
dye on PMMA/GF composite from aqueous solutions was investigated as a function of solution pH
and temperature and the obtained results have been
discussed as following.

FIGURE 6
DSC thermograms for PMMA and PMMA/GF
composite

FIGURE 8
The effect of temperature on adsorption of MB
on PMMA/GF composite
Effect of Temperature. The dependence of
adsorption reactions to temperature gives important
information related to thermodynamice functions
[2]. The equilibrium adsorption capacity for MB
onto PMMA/GF composite was studied in the temperature range of 30-50 0C. Figure 8 shows the
effect of temperature to the adsorption of MB on
PMMA/GF composite. From Figure 8, the removal
amount of MB by PMMA/GF composite increased
from 4.36x10-5 to 6.18x10-5 mol/g on increasing the
temperature from 30 to 50 ºC, which indicated that
the adsorption of MB onto PMMA/GF composite
was favored at higher temperatures and it was controlled by an endothermic process [29]. The increase in the adsorption behavior suggests that
active surface centers available for adsorption have
increased with temperature. This is moderately
caused by attractive forces between MB and
PMMA/GF composite at higher temperatures. And

FIGURE 7
The effect of pH on adsorption of MB on
PMMA/GF
Effect of pH. pH is considered as a key factor
in adsorption mechanism that affects the adsorbent
surface properties and adsorbate structure [25]. To
observe the effect of pH, the adsorption was studied
at different pH values. pH value was changed from
3 to 9 with different initial concentration of dye and
equilibrium time of 24 h. At lower pH more protons
will be available to protonate C=O and C-O groups
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TABLE 3
Isotherm constants for MB adsorption on PMMA/GF composite
Parameters
T (0C)
pH
30
3
30
5
30
7
30
9
40
9
50
9

Freundlich isotherm
R2
0.885
0.972
0.973
0.884
0.918
0.981

qm (mol/g)x105
0.58
2.27
3.34
5.66
5.46
9.88

Langmuir isotherm
KL (L/mol)
34277
6944
27218
5269
10209
2670

R2
0.998
0.993
0.995
0.998
0.995
0.999

RL
0.030-0.977
0.168-0.998
0.50-0.995
0.223-0.999
0.130-0.999
0.374-0.995

not shown). The values of various constants associated with adsorption isotherm models are represented in Table 3. The values of correlation coefficient
(R2) for Langmuir model were found to be highest
followed by Freundlich adsorption model, which
indicated that experimental data fitted well in
Langmuir model than Freundlich model. It indicated that PMMA/GF composite has evenly distributed active sites on its surface. Langmuir adsorption
capacity varies from 4.36x10-5 mol/g to 6.18x10-5
mol/g and from 0.57x10-5 mol/g to 4.36x10-5 mol/g
for the adsorption of MB onto PMMA/GF composite with increase in temperature from 30 to 50 ºC
and in pH from 3 to 9, respectively. This indicated
that the adsorption was favoured at high operating
temperature and pH. Similar results were reported
for the adsorption of reactive brilliant red HE-3B by
activated charcoal [32].
Table 4 lists the comparisons of maximum adsorption capacities of PMMA/GF composite for
MB with various adsorbents previously used for the
adsorption of MB [33,34]. The PMMA/GF composite has similar adsorption capacity as other adsorbents in literature, suggesting that it may be potential for MB dye removal from aqueous solution.

also, this may be a result of increase the rate of
diffusion of the adsorbate molecules across the
external boundary layer and in the internal pores of
the adsorbent particle, because of the diminish in
the viscosity of the solution, and change the equilibrium capacity of the adsorbent for a specific adsorbate [2].
Adsorption Isotherms. Adsorption isotherm
is an important parameter to study the adsorption
behavior of an adsorbent in equilibrium condition,
and plays an important role for the understanding
the adsorption mechanism. The variation of the dye
concentration with the same mass of the adsorbent
is used to determine an adsorption mechanism. It
relates to the adsorbent molecule distribution between the liquid and solid phase, at equilibrium. In
this study, two different types of adsorption isotherm models like Langmuir and Freundlich were
used to describe the adsorption behavior of MB at
three different temperatures from 303-323 K and at
four different pHs. The Langmuir model assumes
monolayer and homogeneous adsorption onto a
surface with no interaction between the adsorbate
molecules. The Freundlich model assumes multilayer adsorption onto heterogeneous surfaces with
interaction between the adsorbed molecules [28, 30]
and is an empirical relationship describing the sorption of solutes from a liquid to a solid surface. The
equations of Freundlich and Langmuir adsorption
isotherms could be expressed
as follows [30, 31]:
p
(2)

TABLE 4
Comparison with other adsorbents
Adsorbents
EP
Bentonite
Zeolite
Sepiolite
PMMA/GF

(3)
The linear forms of these isotherm equations
were indicated by the following equations, respectively:
(4)

qm (mol/g)x105
4.65-8.21
11.2-22.7
14.2
16.3-27.3
0.58-9.88
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The form of the isotherm may be agreeable
with the aim of anticipate if an adsorption system is
µIDYRXUDEOH¶RUµXQIDYRXUDEOH¶7KHQHFHVVDU\FKDracteristics of Langmuir isotherm can be described
by a dimensionless constant called equilibrium
parameter, RL [2], which is explained by,

(5)
where qe is the amount adsorbed at equilibrium time (mol/g); Ce is the equilibrium concentration of the adsorbate ions (mol/L); qm is the maximum capacity (mol/g); KL and KF is the Langmuir
and Freundlich isotherm constants, respectively;
and n is the heterogeneity factor [30].
The adsorption data obtained at different temperatures and pHs with varying concentrations was
fitted to the different adsorption isotherms (Figures

RL

1
1  K.C e

(6)

The value of RL shows the type of the isotherm to be either unfavorable (RL> 1), linear (RL =
1), favorable (0 < RL< 1) or irreversible (RL = 0).
The RL values denoted in Table 3, indicated that the
adsorption behavior of MB on PMMA/GF composite was favorable (0 < RL< 1) [2].
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[10] Panic, V.V. and Velickovic, S.J. (2014) Removal of model cationic dye by adsorption onto polymethacrylic acid/zeolite hydrogel composites: Kinetics, equilibrium study and image
analysis. Separation and Purification Technology. 122, 384±394.
[11] Casey, L.S. and Wilson, L.D. (2015) Investigation of chitosan-pva composite films and their
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78±84.
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Turhan, Y. (2017) Al-pillared-montmorillonite
(AlPMT)/Polymethylmethacrylate
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nanocomposites: the effects of solvent types
and synthesis methods. Advances in Materials
Science. 17(3), 5-23.
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M. (2018) Biological properties of PMMA/
nHAp and PMMA/3-APT-nHAp nanocomposites. International Journal of Polymeric Materials and Polymeric Biomaterials. 67(13), 783±
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CONCLUSION
In this present study, PMMA/GF composite
was synthesized by melting method, characterized
by FTIR-ATR, Nanozetasizer, DTA/TG, DSC and
SEM, and used for the removal of MB from aqueous solutions. Characterization results confirmed
that PMMA/GF composite was successfully synthesized. The adsorption studies demonstrated that
adsorptive removal of dye was affected by solution
pH and temperature. The equilibrium between the
dye and the adsorbent in the solution was established within 24 h. The adsorption of the dyes increased with increase in temperature from 30 to 50
ºC, indicated that the adsorption was endothermic in
nature. Two different adsorption isotherms such as
Langmuir and Freundlich models were used to
study the adsorption equilibrium at different temperatures and pHs. The results indicated that experimental adsorption data best fitted to Langmuir
adsorption isotherm which suggests the monolayer
coverage of the dyes on surfaces of PMMA/GF
composite. The Langmuir adsorption capacity varied from 4.36x10-5 to 6.18x10-5 mol/g for MB onto
PMMA/GF composite with increase in temperature
from 30 to 50 ºC. The RL results showed that the
adsorption of MB onto PMMA/GF was favorable.
The results showed that PMMA/GF composite
could be used as a potential adsorbent for the removal of MB dye from aqueous solutions.
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Preliminary classification and temporary storage are generally performed in the temporary storage
room of hospitals before medical waste is transported to the disposal plant for treatment. However,
due to the actual conditions constraint, some small
and medium-sized hospitals, and healthcare clinics
do not have the infrastructure for the temporary storage of medical waste. The storage environment cannot be guaranteed, a large amount of medical waste
is mixed with domestic waste, and the phenomenon
of trafficking in medical waste also occurs frequently, these problems have seriously affected the
recycling of medical waste.
Medical waste transfer station has the functions
of sorting, compaction, storage, and transfer. Construction of medical waste transfer station in an appropriate location could effectively solve the problem of medical waste recycling in small and medium-sized hospitals. For the large hospital with
waste temporary storage room, the transfer station
can also classify, compact and transport medical
waste more carefully, and accelerate the treatment
speed of medical waste. However, how to build a
waste transfer station and make the transfer station
more intelligent and efficient is what we need to
solve.


" !"!

'9+7/'28".+8/9:'9/545,3+*/)'2<'89+7+
)=)2/4- '4* */8658'2 /4+/0/4- According to the
“2017 Statistical Report on the Development of Beijing Health and Family Planning”, the number of
medical and healthcare institutions in Beijing is
10,986, and the number of medical institutions is
10,843, and other health institutions are 143. There
are 732 hospitals in Beijing, including 252 public
hospitals and 480 private hospitals [3].
"2017 Annual Report on Environmental Prevention and Control of Solid Waste Pollution in National Large and Medium-Sized Cities" issued by the
Ministry of Environmental Protection of the People's
Republic of China showed that the generation of
medical waste reported in the 246 large and mediumsized cities was 721,000 tons, while the amount of
medical waste generated in Beijing in 2016 was
33,100 tons, which increased 3100 tons compared
with 2015 [4]. Due to the timeliness of statistical
data, it is currently impossible to confirm the

The medical waste transfer station has the function of sorting, compaction, storage, and transfer.
However, there are few professional medical waste
transfer stations in the real world, and most of medical waste relies on the temporary storage room in
hospitals for simple sorting and temporary storage.
This paper analyzes the problems existing in the
medical waste transfer link in Beijing, and then designed the medical waste transfer station model at
four aspects: sorting, compaction, storage, and transfer based on RFID and sensor technology. The role
of transfer station model for solving problems is
evaluated. At the same time, the economic benefits,
social benefits, and environmental benefits of the
transfer station model are analyzed. These provide
some references for the investment decision of the
medical waste transfer station.


%$ !
Medical waste, RFID, Sensor, Transfer station, Model,
Benefits



" #"
Medical waste is infectious, toxic, or radioactive hazardous substances that are generated during
healthcare activities. About 85% of the total amount
of waste generated is general and non-hazardous
waste, while the remaining 15% is hazardous waste
and need to be treated strictly [1]. According to the
classification standards of World Health Organization (WHO), medical waste can be classified into the
infectious waste, pathological waste, sharps waste,
chemical waste, cytotoxic waste, radioactive waste
and general non-hazardous waste [1]. In China, medical waste is generally divided into the infectious, the
pathological, the injury, the drug-induced and the
chemical [2].
Strict classification and treatment standards
should be implemented for hazardous medical
wastes. However, in actual situations, many medical
wastes are not strictly classified and treated. In addition to some recyclable medical waste, most of them
are mixed together with general waste for treatment,
which results in disease transmission and environmental pollution.
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The existing problems have seriously affected
the recycling and disposal of medical waste. It is urgent to construct professional transfer stations for
medical waste.

'4= 89:*/+8 .';+ ,5):8+* 54 3'4'-+3+49
5,<'89+97'48,+789'9/54 Wilson and Vincent used
GPS recorders to collect solid waste vehicle movement data from waste transfer stations to identify and
measure the condition of vehicle queuing delays [5].
Zhu et al. found that the waste in Pudong New Area,
Shanghai, is mainly transported by private waste
transportation companies from fixed collection
points and transporting the waste to transfer stations
and disposal plants every day [6]. Batool and Ch
found that the transfer station was mainly used to
transfer solid waste from collection points and small
vehicles to large transport vehicles. However, there
has not yet used the transfer station in Lahore city
district, Pakistan [7]. Li et al. found that the business
capacity of transfer stations and disposal plants is a
crucial problem need to be solved [8]. Das and
Bhattacharyya proposed an optimal solution in order
to the minimization cost of waste collection and
transportation [9]. Son and Louati designed a vehicle
routing model based on multiple transfer station, collection points, and so on, then conducted a case study
to illustrate the applicability of the model [10]. Erkut
et al. designed a multi-criteria mixed-integer linear
programming model based on the location of transfer
stations, material recovery facilities, incinerators and
sanitary landfills [11]. Eiselt and Marianov modeled
the location of the transfer station and waste disposal
plant in an area in Chile [12]. Yadav et al. proposed
an optimal economical method on the basis of considering cost optimization and GIS for the location
and feasibility of waste transfer stations, and then
conducted verification in Nashik, India [13]. Dasgupta discovered that the waste transfer station is the
main link between collection and compression of
waste, as well as the temporary storage site for waste.
Through integrated compaction, waste capacity and
treatment costs can be reduced, as well as transportation inconvenience can be improved [14]. Sun and
Li conducted research on the mode of MSW-CT
integrates the multimode collection, transfer station
compression, and direct vehicle transportation, and
then introduced the operation of the large-scale
MSW transfer station of Loushanhe in Qingdao [15].
Thanh and Matsui found that the waste transfer station reduced the transportation distance and transportation costs through research on the management
of municipal solid waste in Vietnam, but it also
caused environmental pollution, obstruction of traffic and other problems [16]. Jabbarzadeh et al. designed a multi-objective optimization model consisting of customers, transfer stations, waste disposal
plants, and collection vehicles, and then applied this
model to MSW management in Tehran [17]. The
role of the waste transfer station is to reduce the

generation of medical waste in Beijing in 2017, but
according to the growth of medical waste in 2015
and 2016, the growth of medical waste in Beijing is
expected to be 3,000 to 4,000 tons.
With the improvement of healthcare conditions
and economic levels, the people's healthcare demands have also increased year by year, which
results in the generation of medical waste increased
rapidly. How to deal with medical waste efficiently
and environmentally is a big challenge to the government's environmental protection department.
The medical waste transfer station is a transit
station for medical waste from hospitals to the disposal plant and has the functions of sorting, compaction, storage, and transfer. However, in the actual situation, the classification and storage of medical
waste are mostly based on the temporary storage
room of hospitals. Medical waste is classified and
transported to the disposal plant for treatment after
rough classification due to lack of professional
medical waste transfer station. The existing waste
sorting stations cannot carry out careful and efficient
sorting and compaction of medical waste. It is important to build professional medical waste transfer
stations in suitable locations.
Through the investigation of the disposal and
recycling of medical waste in Beijing, it is found that
there are several problems, especially in transfer
links:
')15,675,+88/54'297'48,+789'9/548 The
existing facilities of waste sorting station are backward and the functional requirements of the transfer
station cannot be fulfilled, and medical waste cannot
be treated according to the corresponding standards.
 ".+ 3+*/)'2 <'89+ 8579/4- /8 459)'7+,:2
At present, the classification of medical waste
mainly depends on hospitals to complete. Due to
lack of professional sorting equipment and technical
personnel, medical waste cannot be classified carefully. The storage condition of medical waste is limited and bacterial cross-infection, which is likely to
cause disease transmission.

'4:'256+7'9/5425<+,,/)/+4)=Medical
waste recycling, transfer, and other business processes mainly relies on manual operations, the level
of automation is not high and low efficiency, which
is easily caused injury to medical staff and cleaner.
 4,573'9/54 8:6+7;/8/54 /8 */,,/):29 The
existing information management model of medical
waste mainly depends on external packaging labeling and manual registration. However, the detailed
data collection is difficult and thefts also occur frequently, it is difficult for the regulatory authorities to
implement comprehensive supervision of medical
waste.
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distance of waste transportation, lower transport
costs, reduce environmental pollution, and achieve
efficiently waste classification.
At present, the literature on the management of
waste transfer stations has studied these issues,
which provides some references for construction of
medical waste transfer station.

4,573'9/54 9+).4525-= +86+)/'22= 9.+ *+
;+2563+49 5,  '4* 8+4857 9+).4525-= .'8
(75:-.9 4+< 852:9/548 95 <'89+ )522+)9/54 8957
'-+ '4* 97'486579'9/54 Most of the existing
literatures have more in-depth studies on single
fields, but there are relatively few studies on the application of information technology in waste transfer
station. Tang et al. designed an intelligent monitoring platform based on RFID, GPS, GSM and GIS
technology to solve the problems of low efficiency
and poor management of solid waste transportation
and collection in Dalian [18]. Gnoni et al. designed
an urban solid waste collection tracking and management system based on RFID technology, then evaluated the technical and economic indicators [19].
Arebey et al. integrated RFID, GIS and GSM technology to develop the solid waste management system that enables full tracking of information such as
waste collection, vehicle location, transportation
routes and other information [20]. Combined with
the characteristics and problems of medical waste recycling management, Liu and Yao designed medical
waste reverse logistics management system model
with RFID technology and evaluated the social and
economic benefits [21]. Sarac et al. studied the effect
of RFID technology in supply chain management,
especially in inventory management and finds that
RFID technology improves the efficiency of work
and the accuracy of information [22]. Kumari et al.
used IoT to optimize the waste management process
and gather waste data, inform householders and related departments, and provide users with the basis
for further action [23]. In order to collect, monitor
and management of solid waste, Shrivastava et al.
provided decision-making support for the management of solid waste based on GIS, RFID, GPS and
other technologies[24]. Kumar et al. designed an intelligent waste management system based on IoT
and placed sensors in the trash can monitor the level
of waste to eliminate or reduce the garbage and
maintain the cleanness [25]. Chen et al. proposed a
warehouse management system based on RFID technology and lean production in order to improve efficiency and effectiveness of warehouse management
[26]. Xiang et al. applied RFID technology to manage the warehouse of pharmaceutical companies, automatically allocate storage locations, avoid drug
contamination problems, improve the operational efficiency of pharmaceutical companies and reduce the
error rate [27]. Information technology provides new

solutions for waste information collection, tracking,
transportation route planning, storage, transportation
environment monitoring, and other aspects, it
improves the automation management level of
waste.
At present, research on the transfer station management and information technology applied in the
management of solid waste has provided some experiences for the research of RFID and sensor technology in the management of medical waste transfer station, laying the foundation for the corresponding theory and practice.

+9.5*8 In consideration of the actual situation, this paper designed the medical waste transfer
station based on RFID and sensor technology, and
then evaluated the benefits of the technical model,
which provides some references for the practical application of the technical model. The transfer station
model of medical waste mainly involves RFID and
sensor technology.

"+).4525-= RFID technology is a noncontact automatic identification technology. The
basic principle is that RFID readers transmit RF signals of specific frequencies through the antenna to
activate RFID tags and automatically identify stationary or moving objects without human intervention. RFID system is mainly composed of RFID tag,
RFID reader, and antenna [28] [29]. In order to meet
the storage and transportation requirements of medical waste, the high-frequency 13.56MHz passive
electronic tags are generally used, which has the
characteristics that low cost, long life, large storage
information, diversified package and so on. The
technical features of RFID tags allow it to be stably
applied to the recycling of medical waste.

!+4857 "+).4525-= The sensor is a physical
device which can detect external information and
convert it into a usable signal according to a certain
principle [30]. Medical waste transfer station model
uses sensors such as temperature, humidity, pressure, and smoke to monitor the information of temperature, humidity, weight, smoke in the transfer station, so as to collect relevant data on the medical
waste itself and the transfer station in real time.
!#"!

The medical waste transfer station is mainly divided into four business modules of sorting, compaction, storage, and transfer. This paper designed the
medical waste transfer station from this four business module based on RFID and sensor technology,
in order to solve the problems existing in reality.
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#  
+*/)'2<'89+8579/4-35*+2
!579/4- 5*+2 As shown in Figure 1, the
medical waste sorting model mainly includes two
business segments: unloading and sorting. The application of RFID and sensor technology in the sorting
model is mainly divided into two situations:

+*/)'2 <'89+ .'8 (++4 )2'88/,/+* )'7+,:22=
Medical waste is transported from hospitals have
been classified in hospitals and external packaging
has been pasted on RFID tags. In this case, the function of transfer station mainly responsible for compaction, storage, and transportation of medical
waste. When the medical waste is transported from
hospitals to transfer station, it will be processed according to the business processes of unloading,
checking, and storage.

+*/)'2<'89+.'84>9)2'88/,/+*)'7+,:22= The
second situation is the current status of most medical
wastes. In this case, the sorting function of the transfer station is very important.

divided into the following types: infectious waste,
pathological waste, injured waste, drug-induced
waste, and chemical waste according to the People's
Republic of China “Classification Catalogue of
Medical Wastes” [2]. For the injured waste, such as
needles, scalpel, and other metal waste, it can be recycled after sorting.
An important function of sorting is that it can
separate the medical waste into three categories:
non-recyclable medical waste, recyclable medical
waste and domestic waste, which effectively reduces
the amount of generation and the disposal costs of
medical waste, then achieved the rational utilization
of resources.

536')9/54 5*+2 Another important function of the transfer station is compaction of medical
waste. The temporary storage room in the hospital
does not have the function of compaction, which is
only carried on simple sorting and temporary storage
of medical waste. Generally, medical waste can only
be stored and transported in a dedicated medical
waste bag (barrel), this limits the amount of medical
waste that can be transported at one time and it is
also easy to spill during transport.

536')9/54 Medical waste will enter the
compaction area after it is sorted. The compaction
model is designed to square or rectangular according
to the need, in order to ease transport. As shown in
Figure 2, the medical waste is put into the compaction container, and four pressure sensors ABCD arranged in four directions of the compaction container
to monitor the container stress in real time and ensure
the medical waste can be compacted.

 #425'*/4- There are strict time limits for
medical waste temporary storage in the hospital and
cannot exceed 48 hours. According to the contract
between the transfer station and hospitals, the transfer station regularly arranges vehicles to transport
medical waste from hospitals to transfer station. After medical waste arrives at the transfer station, the
information of vehicles, type, quantity and source of
waste, etc. is checked. If the information is correct,
unloading is allowed.
!579/4-After medical waste is unloaded, it
reaches the sorting area. Medical waste can be
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#  
+*/)'2<'89+)536')9/5435*+2

#  
+*/)'2<'89+8957'-+35*+2
$+/-./4- Medical waste should be weighed
before storage. As shown in Figure 2, the weighing
system will be arranged in the transfer station. When
packaged medical waste passes through the conveyor belt port A, RFID readers arranged at port A
will automatically read the RFID tag information on
the outer packaging of medical waste and automatically upload it to the weighing system. The pressure
sensor at the bottom of the conveyor belt measures

')1'-/4- 9'-86'89+When the medical waste is compacted, it should be packed uniformly for storage and transportation. After the packing is completed, the RFID tag should be pasted on
the outer package. The medical waste information,
such as the category, name, whether to recycle, etc.
should be wrote into the RFID tags on packaging
through the fixed RFID reader or handheld RFID
reader in the transfer station.
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according to the waste category when the forklift receives the allocation instruction, the medical waste
is taken to the corresponding warehouse. RFID readers which arranged in the warehouse will write the
time of storage into the RFID tags on the external
packaging of the waste, and the data will be automatically updated.

'/2= 3'4'-+3+49 As shown in Figure 3,
ABCD represents the temperature, humidity, smoke
and gas sensors, respectively, for monitoring the
storage environment of medical waste. In order to
prevent bacterial cross-infection, environmental pollution, and disease transmission, strict requirements
must be placed on the storage environment of medical waste. The camera can fully monitor the environment of the warehouse and prevent theft.

:9(5:4*Due to the strict limitation of temporary time, medical waste will be arranged from
outside to inside. As shown in Figure 3, the storage
locations in the warehouse are arranged in the order
of 1, 2, 3, 4, 5, and the medical waste is strictly in
accordance with the principle “First In First Out,
Last In Last Out” (FIFO, LILO). For example, the
medical waste at the location 2 will be automatically
supplemented when the location 1 is outbound. The
transfer station will arrange the medical waste outbound being dependent on the treatment plan of the
waste disposal plant and its own actual situation.

the pressure value of medical waste and calculates
the weight of the waste. When the waste passes
through the end of the conveyor belt port B, the
RFID reader arranged at port B will automatically
read the RFID tag information on the outer packaging again and checks the data with the weighing system. If the data is correct, the weight data is written
in the RFID tag of the waste packaging and the
weighing process is completed.

!957'-+5*+2Due to the capacity limitation
of the disposal plant, medical waste can’t be disposed of immediately, which need first be stored in
a temporary storage room at the transfer station. As
shown in Figure 3, according to the classification of
medical waste, the temporary storage room at the
transfer station is divided into infectious, pathological, injured, drug-induced, chemical, recyclable, and
other types to store different types of medical waste
separately.

4(5:4*According to the daily work plan of
the transfer station, the forklift carries standard packaging of medical waste inbound. When the forklift
passes through the door of the storage area, RFID
reader which installed at the entrance will automatically read the information of RFID tags on the outer
packaging of the waste, and then upload the data to
the transfer station management center.
The transfer station will assign warehouse
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"7'48,+75*+2According to the contract between the waste disposal plant and the transfer station, the disposal plant arranges vehicle or transfer
station arranges vehicles to transport the classified
medical waste to the disposal plant to treatment.

"7'48,+7 As shown in Figure 4, recyclable
medical waste includes plastic, metal, and paper. For
these three types of recyclable medical waste, they
are transported to plastic plants, metal recycling
plants, and paper mills, respectively. It is decomposed into PP, PE, PS, PC, PVC and metal particles
for recycling after through high-temperature sterilization.

'9' 8.'7/4- There will be a corresponding
scheduling plan between the disposal plant and the
transfer station before medical waste is transported.
The transfer station arranges medical waste to be carried according to the scheduling plan. The information, such as vehicle routes, wastes status, and
other information is monitored during the transportation process. The disposal plant will check the information of medical waste type, quantity, vehicles
etc. when the medical waste arrives at the disposal
plant and upload to the transfer station management
center. The information of medical waste transportation and treatment is fully sharing between the disposal plant and the transfer station.
This paper designed the medical waste transfer
station model based on RFID and sensor technology
from the four business modules of sorting, compaction, storage, and transfer, which optimized the key
business processes, and changed the business model
of existing waste sorting stations.


!#!!

75(2+38 +852:9/54 The model of medical
waste transfer station based on RFID and sensor
technology starts from four business module of
sorting, compaction, storage, and transfer, which can
optimize the business process, improves work efficiency and solve the problems existing in the transfer
process of medical waste.
1) The condition of technology and equipment
has been improved. Medical waste transfer station
based on RFID and sensor technology has changed
the status of backward equipment of existing waste
sorting stations, which meets the recycling and disposal standards for medical waste and realized the
functional requirements of the medical waste transfer station.
2) Medical waste storage conditions have been
improved. The medical waste transfer station based
on RFID and sensor technology has the functions of
sorting, compaction, storage, and transfer. The
medical waste is stored in the corresponding
warehouse after detailed classification. The storage

environment is monitored by various sensors in real
time to ensure that the storage environment meets the
corresponding requirements and effectively avoids
the problem of cross-infection of medical waste.
3) Automatic operation. The business modules
of sorting, compaction, storage, and transfer are automated or semi-automated operations, which is simplifying the business processes. The data of medical
waste is collected in real time through RFID tags,
which effectively improve the difficulty of data collection.
4) Information communication is more convenient. The medical waste transfer station can effectively link hospitals and disposal plants through application of the system model, realized more comprehensive sharing of information. The work efficiency of hospitals, transfer stations, and disposal
plants has been improved through solving problems
of data deviation.
The medical waste transfer station based on
RFID and sensor technology has effectively solved
the problems existing in the current medical waste
recycling and disposal, especially in the transfer link,
making the recycling and disposal of medical waste
more safe and efficient.

)5453/)(+4+,/98The amount of recyclable
waste and domestic waste will increase after a
detailed classification of medical waste in the transfer station, and the quantity of non-recyclable medical waste can be effectively reduced. 
Plastic, paper, metal, and glass can be recycled,
which can yield certain economic benefits through
recycling. The disposal cost of domestic waste is
much lower than the treatment cost of non-recyclable medical waste, which saves the disposal costs.
The data of medical waste can be monitored
throughout the entire process through RFID and sensor technology, and avoid the occurrence of theft and
error, the economic losses are reduced. Automated
or semi-automated management of all business reduces labor costs and improves work efficiency.

!5)/'2 (+4+,/98 Hospitals, disposal plants,
transfer stations, and government regulatory agencies can monitor the flow of medical waste in realtime to ensure that it is treated in strict accordance
with the corresponding disposal standards. When an
abnormality occurs, an alarm can be issued in a
timely manner to find out the cause of the problems
and the responsible person, then solve the problem
in time.
The medical waste transfer station based on
RFID and sensor technology has effectively improved the social image of hospitals, disposal plants,
and government departments, and improved the
overall management level of medical waste.




7658

#"

  $ 









  !




4;/7543+49'2(+4+,/98The storage environment can be monitored in real-time and ensures that
it meets the relevant requirements, avoids cross-infection, and decreases the risk of disease transmission. The sorting of medical waste reduces the quantity of non-recyclable medical waste, as same as, the
emission of harmful material has been reduced during the process of treatment, which reduces the pollution of water, soil, and air.
Through analysis of the situation of problems
resolution, economic benefits, social benefits, and
environmental benefits brought about by the medical
waste transfer station, the necessity of investment
construction of the transfer station has been further
verified.


#!

[3] Beijing Municipal Commission of Health and
Family Planning. (2018) 2017 Statistical Report
on the Development of Beijing Health and Family Planning. Available at: http://xxzx.bjchfp.
gov.cn/tonjixinxi/
[4] Ministry of Ecology Environment of the People's Republic of China. (2017) 2017 Annual
Report on Environmental Prevention and Control of Solid Waste Pollution in National Large
and Medium-Sized Cities. Available at: http://
trhj.mep.gov.cn/gtfwhjgl/zhgl/201712/P020171
214496030805251.pdf.
[5] Wilson, B.G. and Vincent, J.K. (2008) Estimating waste transfer station delays using GPS.
Waste management. 28(10), 1742-1750.
[6] Zhu, M.H., Fan., X.M., Rovetta, A., He., Q.C.,
Vicentini, F., Liu., B.K., Giusti., A. and Liu., Y.
(2009) Municipal solid waste management in
Pudong new area, China. Waste management.
29(3), 1227-1233.
[7] Batool, S.A. and Ch, M.N. (2009) Municipal
solid waste management in Lahore city district,
Pakistan. Waste management. 29(6), 1971-1981.
[8] Li, Z.S., Yang, L., Qu, X.Y.Q. and Sui, Y.M.
(2009) Municipal solid waste management in
Beijing City. Waste management. 29(9), 25962599.
[9] Das, S. and Bhattacharyya, B.K. (2015) Optimization of municipal solid waste collection and
transportation routes. Waste Management. 43,
9-18.
[10]Son, L.H. and Louati, A. (2016) Modeling municipal solid waste collection: A generalized vehicle routing model with multiple transfer stations, gather sites and inhomogeneous vehicles
in time windows. Waste Management. 52, 34-49.
[11]Erkut, E., Karagiannidis, A., Perkoulidis, G. and
Tjandra, S.A. (2008) A multicriteria facility location model for municipal solid waste management in North Greece. European Journal of Operational Research. 187(3), 1402-1421.
[12]Eiselt, H.A. and Marianov, V. (2014) A bi-objective model for the location of landfills for
municipal solid waste. European Journal of Operational Research. 235(1), 187-194.
[13]Yadav, V., Karmakar, S., Dikshit, A.K. and Vanjari, S. (2016) A feasibility study for the locations of waste transfer stations in urban centers:
a case study on the city of Nashik, India. Journal
of Cleaner Production. 126, 191-205.
[14]Dasgupta, T. (2015) A case study on Adampur
landfill site at Bhopal in Mp. International Journal of Advances in Engineering and Technology.
8(6), 958-964.
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transfer station model of medical waste based on
RFID and sensor technology from 4 key business
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on human health than the controlled DBPs [6].
HNMs are a kind of highly toxic N-DBPs, which are
stronger than the other controlled DBPs at present
especially in cytogenetic toxicity and mutagenicity
[1]. It is also reported in a previous study that the
average concentration of HNMs was 1 g/L in 12
water treatment plants in United States of America
[7].
TCNM is one of representative HNMs, which
is also the most common and dominant, and being
formed when disinfectants react with dissolved organic compounds (DOC) in water [8,9]. In addition,
the content of TCNM increased significantly in
drinking water when preozonation was followed by
chlorination or chloramination. Moreover, the concentration of TCNM formation was increased with
the increase of pH value [10]. Earlier study based on
the two surveys in United States of America between
2000 and 2007 stated that the detection concentration of TCNM was ranged from 0.2 to 0.5 g/L [11].
Recently, some researchers have investigated the potential of different precursors to generate TCNM and
proposed some hypotheses about the generate pathway of TCNM. Joo and Mitch [12] selected methylamine as precursor to study the formation potential
and mechanism of TCNM. It was proposed for generate pathway in the process of chlorine disinfection
that methylamine reacted rapidly with hypochlorite
to form dichloramine, and dichloramine continued to
be oxidized to nitroparaffin, then nitroparaffin reacted with chlorine which replaced hydrogen on the
nitroparaffin to produce TCNM. In addition, polyamine was also selected as precursors to investigate
the effects of combined low-pressure ultraviolet
(LPUV) irradiation and free chlorination on the formation of TCNM. Deng et al. [13] also proposed that
polyamine reacted quickly with disinfectant to generate methylamine and dimethylamine under combined UV/chlorine. Subsequently, methylamine and
dimethylamine were further oxidized to nitroparaffin, in which hydrogen was replaced by chlorine and
eventually generate TCNM.
Earlier investigation revealed that the main reason of TCNM formation was due to the reaction of
disinfectant with DOC in water [9]. In addition,
some studies suggested that low molecular weight
hydrophilic organic compounds, especially dis-

The objective of this study was to investigate
the formation of trichloronitromethane (TCNM)
from threonine precursors in the process of combined UV and chlorine disinfection. The effects of
pH, threonine initial concentration, free chlorine
concentration, light intensity and the addition of tertbutanol (TBA) on the formation of TCNM were investigated under UV/chlorine condition. UV/chlorine disinfection could enhance the formation of
TCNM during chlorination of threonine and reached
the maximum value within five minutes, then the
concentration of TCNM began to decrease gradually
due to the photodegradation of TCNM. Under
UV/chlorine condition, the formation of TCNM
from threonine increased with the increase of pH
value, UV light intensity, threonine initial concentration, and free chlorine concentration. As TBA has
little effect on formation of TCNM from threonine,
so hydroxyl radical does not play a most important
role in TCNM formation under UV/chlorine condition. The results of this study could be very useful
for controlling HNMs formation and contribute to
the development of new disinfection method for the
drinking water.
'% !
TCNM, Formation, UV/chlorine disinfection, Threonine



" #"
Chlorination and chloramination are widely
used for drinking water and sewage disinfection
owning to their low cost, durability and effective
sterilization. With the rapid development of water
analysis technology and toxicology, more than 600
disinfection by-products (DBPs) have been identified in the drinking water and sewage [1]. Among
these DBPs, nitrogenous disinfection by-products
(N-DBPs) attracted more attention than other DBPs
due to their high toxicity and a great threat to human
health [2-5]. The content of those controlled DBPs
in drinking water are more than that of N-DBPs (010 g/L), but N-DBPs have a more serious impact
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poured reactive solution into the reactor under different experimental conditions. The UV lamp was
placed in the middle of the cylindrical reactor. A
magnetic stirrer was placed below the reactor, and
the stirring speed was set at 100 r/min.

solved organic nitrogen (DON) compounds, are the
major precursors for the generation of TCNM [14].
Currently, UV disinfection is widely applied due to
the positive effect on the removal of DBPs in the
drinking water. It had shown among those water
plants with UV disinfection that 62% of the water
plants in the United States of America had been disinfected by medium pressure (MP) mercury lamps,
while the others were treated by low pressure (LP)
mercury lamps [15]. However, UV disinfection, as a
technology without the capability of continuous disinfection, is usually combined with chlorine or chloramines [16].
However, there are few studies on the formation of TCNM from amino acids under UV/chlorine disinfection [17]. Till now, researchers have not
reached to a widely consensus opinion on the functional group which impacts the formation of TCNM
in amino acids. Amino acids are the most common
(for about 75%) DON in natural water bodies [18].
Therefore, this study aimed to investigate the impact
of threonine, one of common amino acids, on the formation of TCNM in the process of UV/chlorine disinfection. The effects of TCNM formation were
studied by the intensity of UV light, pH, free chlorine, the initial concentration of threonine and the addition of TBA. The results of current study could be
very useful for controlling HNMs formation and
contribute to the development of new disinfection
method in the drinking water and sewage treatment.

# 
33<:;9);1656.-?7-914-5;)39-)+;165:-;<7
According to the relevant requirements, the reactive solution was prepared in a 500 mL brown
flask and then poured reactive solution into the reactor under different experimental conditions. Samples
were withdrawn from the reaction equipment (Figure 1) at proper intervals (e.g. 1, 2, 5, 9, 15, 22 min)
by a 5mL plastic straw or pipette. Upon collection,
samples were immediately dosed with excess sodium thiosulfate to quench free chlorine. The reactive solution was rapidly mixed by a magnetic stirrer.
The UV lamp was stabilized about 30 min prior to
its use for irradiation.
The actual radiation intensity of the reaction
equipment was measured by potassium ferrioxalate
chemical quantometer law. The principle of this
method is that potassium ferrioxalate is reduced to
ferrous ion in UV light, and 1, 10-phenanthroline
form a stable complex which has a maximum absorbance at 510 nm. At the final stage, the actual radiation intensity within the reaction equipment was
calculated by potassium ferrioxalate quantometer
quantum yield (1.25 mol·Einstein-1). The actual UV
radiation intensity was 2.88×10-6, 5.92×10-6 and
9.62×10-6 Einstein·L-1·s-1, respectively when the radiated power of UV lamp was 5W, 10W and 15W
LPUV irradiation.

" !"!

0-41+)3:)5,9-)/-5;:The reagents used in
current experiments were of analytical grade. All solutions were prepared by ultra pure water to control
pH between 6–8 by addition of 2 mM phosphate
buffer during the reaction time. TCNM (CCl3NO2,
99%) and threonine (99%) were purchased from
Sigma-Aldrich. Sodium chloride, tert-butanol, sodium hydroxide (NaOH) and methy tert-butyl ether
(MTBE) were purchased from the XiLong Chemical
Co., Ltd. Disodium hydrogen phosphate (Na2HPO4),
sodium dihydrogen phosphate (NaH2PO4) and potassium nitrate (KNO3) were purchased from Tianjin
KeMiou Chemical Reagent Co., Ltd. TCNM was
dissolved in MTBE for storage (at 2-8°C) for further
experiments.

5)3@;1+)3 4-;06,: In the experiment, the
TCNM concentration of water samples was detected
according to the USEPA 551.1 [17]. 5 mL samples
were withdrawn from the reactor at proper intervals
(e.g. 0, 2, 5, 10, 15, 20 min) by a 5mL plastic straw
or pipette. Before analysis the samples were extracted with 2 mL methyl tert-butyl ether (MTBE)
for 2 min. For TCNM analyses, the samples were
taken 1mL MTBE to the vial from the extracted solution and analyzed using gas chromatography/ electron capture detection (Agilent GC). The GC temperature program consisted of an initial temperature

?7-914-5;)3 -8<174-5; )5, #$ 199),1)
;165796+-,<9-All experiments were conducted in
a cylindrical reactor (20.0 cm length, 9.0 cm diameter, 1.0 cm wall thickness) (see Figure 1) with a UV
lamp (2.0-10.0 Einstein·L-1·s-1, λ=254nm, Changzhou Shangzi Lamp Co. Ltd, China) which was
equipped with cooling trap to control a relatively
constant temperature (25°C) by water circulation.
The reactive solution required for the experiment
was prepared in a 500 mL brown flask and then
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decreased gradually to reach a low level (<10 g/L)
after 22 min. The maximum concentration of TCNM
formation was 93.7, 106.3 and 113.1 g/L under
2.88×10-6 Einstein·L-1·s-1, 5.92×10-6 Einstein·L-1·s1
and 9.62×10-6 Einstein·L-1·s-1 irradiation, respectively. The maximum concentration of TCNM formation from threonine increased with increasing
light intensity. Compared to the reaction without LP
UV irradiation, TCNM from aspartic acid was produced more under combined chlorine with LP UV
irradiation. The results showed that UV irradiation
could promote the production of TCNM from threonine at the beginning, and when the formation of
TCNM was increased to the maximum concentration, the photodegradation of TCNM would play an
important role in the solution. The possible reason
could be that the hydroxyl functional group has high
reactivity on the threonine side chain. In addition, the
carboxyl functional group was prone to decarboxylation fracture during the reaction, and then reacted
with chlorine to form TCNM.

of 50°C for 5 min, followed by ramping up to 140°C
in 10°C/min, then ramping up to 280°C in 20°C/min.
The injection port temperature was 235°C, the temperature of detector was 280°C. The injection volume was 1.0 and the carrier gas was high purity nitrogen with 1.0 mL/min [14]. The recovery of
TCNM was 98% and the limit of detection was 0.1
g/L.
The calibration curve equation for TCNM was
YArea = 132.32+69.51 CTCNM, R2 = 0.9999(n=7),
where CTCNM was the concentration of TCNM in the
range of 0–300.00 g/L. The standard error of analyses methods was 2.37 g/L. All vitreous apparatus
were dipped in HNO3/water (the volume ratio was
1:1) overnight, and then put them into the incubator
at 80°C. All the experiments were triplicate. The results presented were the mean values with a total error less than 5%.
!#"!!#!!

..-+;6.#$199),1);16515;-5:1;@65;0-.69
4);165 6. " .964 ;09-6515- <5,-9 #$
036915-To evaluate the difference of TCNM formation under different light intensities, a set of comparative experiments were conducted to investigate
the effects of on the formation of TCNM from threonine under UV/Chlorine. The solution contained
1.5 mmol/L threonine and 60 mg/L free chlorine at
pH 7.0 and 25°C under 2.88×10-6 Einstein·L-1·s-1,
5.92×10-6 Einstein·L-1·s-1 and 9.62×10-6 Einstein·L1 -1
·s irradiation respectively. As shown in Figure 2, a
low level of TCNM is formed from threonine under
chlorine alone, and the TCNM concentration remained with slight increase from 1.6 to 3.1 g/L in
22 min. The results suggested that TCNM was generated very slowly from threonine with free chlorine
only. In contrast, under UV/chlorine disinfection, the
formation of TCNM from threonine rose quickly to
the maximum concentration at around 5 min, then

..-+;6."151;1)3+65+-5;9);16565;0-
706;6,-/9),);165 6. " <5,-9 #$ 199),1)
;165 The experiments were conducted in solutions
containing 50, 100, 200 and 300 g/L TCNM under
9.62×10-6 Einstein·L-1·s-1 LPUV irradiation at pH
7.0 and 25°C to investigate the effect of initial concentration on the photodegradation of TCNM. As
shown in Figure 3, when the concentration of TCNM
was 50, 100, 200 and 300 g/L, the degradation rate
of TCNM after 60 min was 80.58%, 75.33%,
72.14% and 69.89%, respectively. Results also suggested that the photodegradation rate of TCNM decreased with the increase of TCNM initial concentration, and increased with the increase of irradiation
time. The experimental results helped us to explain
an interesting phenomenon from Figure 2 that was
found to have an obvious increasing trend in the formation of TCNM for the first instance, but the concentration of TCNM hardly disappeared after 22
min.
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..-+; 6. ;09-6515- 151;1)3 +65+-5;9);165 65
;0- .694);165 6. " .964 ;09-6515- <5,-9
#$+036915-To evaluate the effect of threonine initial concentration on the formation of TCNM, the
experiments were performed in 1.0 mmol/L, 1.5
mmol/L and 2.0 mmol/L threonine solutions contained 60 mg/L free chlorine under 9.62×10-6 Einstein·L-1·s-1 LPUV irradiation at pH 7.0 and 25°C.
As shown in Figure 4, for the 1.0 mmol/L threonine
solutions, the concentration of TCNM formation increased from 1.8 to 94.3 g/L in 5 min, then decreased to 3.5 g/L from 5 to 22 min. For the 1.5
mmol/L threonine solutions, the concentration of
TCNM formation increased from 2.8 to 113.1 g/L
in 5 min, then decreased to 7.1 g/L in 22 min. For
the 2.0 mmol/L threonine solutions, the concentration of TCNM formation was increased from 2.03 to
134.9 g/L in 5 min, then decreased to 9.4 g/L in
22 min. Results showed that the formation of TCNM
rose to the maximum concentration within 5 min,
and the maximum concentration of TCNM increases
with the increase of threonine initial concentration.

..-+; 6. 7 65 ;0- .694);165 6. "
.964;09-6515-<5,-9#$+036915- The pH value
is one of the controllable parameters in the drinking
water treatment. To investigate the effect of pH on
the formation of TCNM, the experiments were carried out to in solutions containing 60 mg/L free chlorine and 1.5 mmol/L threonine with 9.62×10-6 Einstein Einstein·L-1·s-1 UV irradiation at pH 6.0, 7.0
and 8.0. As shown in Figure 5, it was very obvious
that the formation of TCNM increased with increasing pH. The formation of TCNM from threonine rose
quickly to the maximum concentration at around 5
min, and the maximum concentration was 96.1,
113.1, and 125.7 g/L at pH 6.0, 7.0, and 8.0, respectively. Then, the concentration of TCNM formation
decreased significantly to a low level from 5 to 22
min.

Experimental results could be explained by two
factors. Firstly, under alkaline conditions, nitro compounds is easier to produce halogenation reaction
which could promote the formation of TCNM [20].
Secondly, it is well known that at neutral pH, free
chlorine is a mixture of both HOCl and OCl-. The
forms of free chlorine were different at different PH
values in the process of chlorine disinfection. Because, the pKa of HOCl is 7.52, HOCl existed
mainly in acidic conditions while OCl- mainly existed mainly in alkaline conditions. The oxidizing
ability of HOCl and OCl- were different from the formation of TCNM from threonine [21].

..-+;6..9--+036915-+65+-5;9);16565;0-
.694);165 6. " .964 ;09-6515- <5,-9
#$036915- Free chlorine has great influence on
the formation of TCNM under UV/chlorine disinfection [20]. In order to investigate the effect of free
chlorine concentration of TCNM formation, five different concentration of free chlorine solution containing 1.5 mmol/L threonine were configured as 15,
30, 45, 60 and 75 mg/L to carry out the experiments
under the condition of pH=7, t=25°C and 9.62×10-6
Einstein·L-1·s-1 irradiation. As shown in Figure 6,
when the free chlorine content was 15~30 mg/L, the
concentration of TCNM was very low, almost could
not be detected. When the free chlorine content was
45~75 mg/L, the formation concentration of TCNM
rose very rapidly. When the concentration of free
chlorine were 15, 30, 45, 60 and 75 mg/L respectively, the concentration of TCNM reached the maximum value in five minutes and the amounts of
TCNM formation were 5.1, 6.5, 55.9, 113.1 and
147.5 g/L. The maximum concentration of TCNM
formation increased with the increase of free chlorine concentration. The experimental results were
found for obvious increase in the formation of
TCNM with the concentration of free chlorine in the
first instance, but the increase did exceed 30 times
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after 5 min. Then, evidence was also found for obvious decrease in the formation of TCNM from 5 to 22
min, and the concentration of TCNM hardly disappear after 22 min.
These phenomena were similar to the results
that Amisha [22] and Allston et al. [23] reported. The
possible reason could be that more reactive intermediates were released with the concentration of free
chlorine increasing under LP UV irradiation. From
Figure 6, the other new phenomenon was found in
this experiment. When chlorine/threonine molar ratio was less than 0.85 (e.g. 15 and 30 mg/L free chlorine), the TCNM concentration remained only a little
increase. When chlorine/threonine molar ratio was
more than 0.85 (e.g. 45, 60 and 75 mg/L free chlorine), the TCNM concentration remained an obvious
increase. This means that a certain amount of free
chlorine is required to destroy the structure of threonine and form TCNM.According to Hu’s report, the
formation of TCNM was a multi-step reaction [1].
When the concentration of free chlorine was low,
free chlorine preferred reacting with amino acid and
produced the organic chloramines. When the free
chlorine was sufficient, the reaction would proceed
to produce TCNM. When the free chlorine concentration was 15-30 mg/L, the formation concentration
of TCNM was very little and could hardly be detected.

..-+;6.0@,96?@39),1+)365;0-.694);165
6. " .964 ;09-6515- <5,-9 #$036915-
Little is known about the reactions that occur when
residual chlorine, threonine, and UV irradiation are
all present at the same time. With the possible formation of the reactive intermediates (e.g., HO•, Cl•,
O2•- and NH2•) [24,25], an entirely new set of experiments must be considered. 1.0 g/L tert-butanol
(TBA) was added into the reactive solution containing 60 mg/L free chlorine and 1.5 mmol/L threonine
to evaluate the effect of hydroxyl free radical on formation of TCNM under the condition of 25°C and

9.62×10-6 Einstein·L-1·s-1 UV irradiation. As shown
in Figure 7, the results showed that the concentration
of forming TCNM had little change without LP UV
irradiation and TBA. The concentration of forming
TCNM only rose from 1.9 to 4.1 g/L in 22 min.
When the solution without TBA was irradiated under
9.62×10-6 Einstein·L-1·s-1 UV irradiation, the concentration of forming TCNM rose quickly from 2.5
to 113.1 g/L in 5 min, and then dropped to 7.1 g/L
from 5 to 22 min. When the solution with 1.0 g/L
TBA was irradiated under 9.62×10-6 Einstein·L-1·s-1
UV irradiation, the concentration of forming TCNM
rose from 2.1 to 101.4 g/L in 5 min, and then
dropped to 6.6 g/L from 5 to 22 min. From those
results, it can be deduced that TBA has minor effect
on formation of TCNM in the solution containing
threonine under LP UV irradiation. Therefore, it can
be concluded that the hydroxyl radical doesn’t play
a most important role from threonine to TCNM.


#!!
Results from this study reveal that threonine
has been proved to be the precursor of TCNM. To
clarify the formation characteristics of TCNM from
threonine during UV/chlorine disinfection, the effects of pH value, free chlorine concentration, UV
light intensity, free radical and TBA were investigated on the formation of TCNM under UV/chlorine
condition. Results reveal that the formation of
TCNM increased with the increase of pH, threonine
initial concentration, free chlorine concentration and
UV light intensity. The addition of TBA has a minor
effect on formation of TCNM in the solution containing threonine under UV/chlorine. Based on these
results, it can be concluded that hydroxyl radical
doesn’t play a most important role in the formation
of TCNM from threonine under UV/chlorine.
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In addition, the highest concentration of TCNM
from threonine during UV/chlorine process would
most likely happen within 5min (at the beginning).
The treatment measures of drinking water and sewage were adjusted for sufficient irradiation time to
minimize TCNM formation risk at during UV/chlorine. Reduction in the solution pH and free chlorine
concentration will useful to cut down the formation
of TCNM from threonine. Prior to the oxidation step
(combined chlorine with LP UV irradiation disinfection), the precursors of TCNM formation needed to
be removed as much as possible such as amino acids
and algae organic matter to minimize the TCNM formation risk during the treatment processes.
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ABSTRACT

many years have decreased in their productivity.
Thus, animal feeds are not sufficient and their
yields reduce.
Alfalfa plays a key role in many fields, especially for animal feeding in agricultural development in most countries of the world. Alfalfa called
DV WKH ³4XHHQ RI IRGGHUV´ EHFDXVH RI LWV SHUHQQLDO
nature with the highest green mass production
round the year and it has a rich source of proteins,
fibers, minerals and vitamins that are used especially in the feeding of ruminant animals. It is a perennial forage plant which can be obtained in high
quality yields between 9.000 and 30.000 t per hectare depending on the region and variety. It grows
well on both arable and pasture lands with sufficient moisture at the initial setup stages [1]. Utility
of alfalfa in development of animal husbandry is
based on high potential for production of green and
dry matter yields, makes alfalfa very economical
forage crop with low investment during all periods
of utilization. Its biomass can be converted and
used as hay and high quality silage, dehydrated
briquettes or pallets and by grazing [2]. Alfalfa is a
cheapest and rich source of crude protein (CP) with
excellent digestibility, while the CP contents
strongly dependent on growth stages of the plant
[3]. For the best and economical forage yield and
quality, alfalfa should be planted by using a seeding
rate of 20 kg ha-1 [4]. In plant breeding, adaptation
of crop cultivars represents a trait of interest with
respect to a given environment [5, 6], which Multienvironment trials (MET) is carried out for most
crops throughout the agricultural world. In multienvironment trials (MET), a great number of cultivars are assessed in different environments represented by a genotype × environment interaction
(GEI) that is represented as an important aspect in
plant breeding programs which are adapted as a
major objective of plant breeders, geneticists and
physiologists in selecting superior genotypes in
crop performance trials [7, 8, 9] to develop those
cultivars. Furthermore, sorting of crop evaluation in
environment and understanding these conditions
perfectly could increase heritability of measured
traits, raise these lection, strengthen the potential of
competitiveness for seed production and maximize

Two field experiments were carried out to find
out yield and yield components of different genotypes of alfalfa in two environments. Yield and
yield components (dry matter, crude protein, ADF,
NDF, RFV content and ME value) of our varieties
(Kayseri, Elçi, Bilensoy, WL 414 (MA 414) and a
native cultivar of alfalfa was investigated under two
different environmental conditions during 20122013 and 2013-2014seasons that were combined in
a GGE-Biplot analysis. The locations were the
SURYLQFHVRI,÷GÕUDQG.DUV7KHH[SHULPHQWVZHUH
arranged in randomized complete block design
(RCBD) with four replicates in each experiment. In
the study, herbage yield, dry matter yield, crude
protein content, ADF, NDF, RFV and ME values
were analyzed. Within the environment, the main
effect of a genotype was significant. 
The combined analysis of variance for plant
height, herbage yield and dry matter data indicated
that the differences among all sources of variation
were highly significant (P<0.001). Environment
(E), Genotype (G) and GxE interaction were also
VLJQLILFDQW *HQRW\SHV DW ,÷GÕU VLJQLILFDQWO\ SUR
duced herbage yield and dry matter yield greater
than Kars. The analysis showed that there is diversity in yield among alfalfa genotypes. Moreover,
the GGE biplot analysis showed that Elçi was the
most desirable genotype across all environment
followed by Bilensoy and MA-414. The stability
analysis showed that the high performing genotype
was stable for yield.
KEYWORDS:
GGE biplot, alfalfa, yield, genotype, location

INTRODUCTION
As forage crops cultivation and production are
inadequate, especially animal husbandry farmers
generally use natural pasture and rangeland to feed
animals in many regions of Turkey. For this reason,
pastures and rangeland that are overgrazed for
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(RCBD) with four replicates. The experiment was
carried out during growing season (starting mid
April) in and each experiment was maintained for
two seasons. The experimental units were set up in
1.5 (6 rows × 25 cm intra row) × 5m 7.5 m2 plots
that consisted of 6 rows with 25 cm intra row distances. The seeding rate was 20 kg ha-1 [4]. Phosphorus (P2O5) and Ammonium Nitrate (NH4NO3)
fertilizers were used by 50 kg ha-1 and 20 kg. ha-1
respectively for each experiment location. 
The climate characteristics of the researches
site to describe General Directorate of Meteorology
of the Ministry of Forestry and Water Affairs benefits from climate data. In order to define the climate
characteristics, temperature (oC), precipitation
(mm) and relative humidity (%) data, and these data
are expressed as monthly averages summarized in
Table 1 (Location 1), Table 2 (Location 2). 
The climate of Kars is cold and temperate
(Köppen-Geiger climate classification type DFB),
with long term yearly average of low and high temperatures of -9.7 and 18.0°C, respectively, total
precipitation of 515.5 mm, falling mostly during
spring and summer seasons and total relative humidity of %871.2. There is no difference between
the long term yearly average and 2012, 2013, 2014
years, when the experiment was carried out, with
the average monthly average temperature, total
rainfall and relative humidity between the longWHUP DYHUDJHV ,÷GÕU KDV VWHS FOLPDWH (KöppenGeiger climate classification type BSk), with long
term yearly average of low and high temperatures
of -3.1 and 26.1°C, respectively, total precipitation
of 273.6 mm, falling mostly during spring and
summer seasons and total relative humidity of %
646.7. The average temperature, total precipitation
and relative humidity values in 2012, 2013 and
2014 were higher than the average for long term
yearly.

grain yields for farmers [10, 11]. In terms of the
point above, there have been many attempts to analyze GEI for recording cultivars of crops under different environment interactions using various
methods that have been proposed and developed for
statistical analysis of GEI, to predict the phenotypic
response to shifting in the environment, and to
evaluate the performance of genotypes in those
environments [12, 13].
Some researcher studied to determine about
maximum yield and of different alfalfa varieties or
lines at different locations for years; Aegean Region, Southeastern Anatolia, Central Anatolian reJLRQ$QNDUD.LUúHKLU.D\VHUL6DPVXQ, Erzurum,
'L\DUEDNÕU DQG ,VSDUWD LQ 7XUNH\ %XW WKHUH LV QR
GDWD IRUWZRORFDWLRQV ,JGÕU DQG.DUV 6RWhe objective of our study to analyze GEI data by the
GGE-Biplot technique to evaluate the efficacy of
the test sites and determine the performance of difIHUHQWDOIDOIDJHQRW\SHVLQ,÷GÕUDQG.DUVSURYLQFH 
MATERIALS AND METHODS
Descriptions of the Test Environments and
Experimental Design. The experiment was conGXFWHGDW,÷GÕU.DUDNR\XQOXDQG.DUV6XVVX]provinces of Turkey under supplementary irrigation
FRQGLWLRQ,÷GÕU.DUDNR\XQOXLVORFDWHGDW39.9707°
N latitude, 44.1744° E longitude at an altitude of
846 m above sea level. Kars Susuz 40° 46' 46.6788''
N latitude,43° 7' 47.2908'' E longitude at an altitude
of 1749 m above sea level. This research was carried out in 2012-2013 and 2013-2014 seasons, and
5 alfalfa varieties (Kayseri, Elçi, Bilensoy, MA414) and one native cultivar were used. The varieties were provided by the Seed Regis Content and
Certification Center and the native cultivar was
obtaLQHG IURP QDWLYH IDUPHUV LQ ,÷GÕU 7KH H[SHUL
ments had a randomized complete block design

TABLE 1
       
Months

Temperature (o C)
2012 2013 2014

Relative Humidity (%)

Precipitation (mm)
L.Term

2012 2013

2014

L.Term

2012 2013 2014 L.Term 

January
-3.6
-6.1
-9.0
-9.7
39.7 15.8 18.6 21.7
82.3 75.9 77.9 80.3
Febr
-1.3
-7.6 -12.6 -8.4
29.8 28.1 31.3 23.4
81.2 77.7 74.5 79.6
March
2.7
-1.7
-7.8
-2.0
54.6 12.2 10.9 30.3
67.7 71.1 66.0 76.4
April
5.0
5.3
4.3
5.6
69.0 96.6 32.7 55.4
74.2 71.4 65.0 71.0
May
10.0
9.9
8.2
10.1
95.1 97.0 92.2 80.7
70.9 69.8 67.2 70.7
June
16.4 14.4 15.7 14.1
44.0 67.5 37.8 72.6
62.3 65.1 52.8 69.2
July
19.2 18.8 18.0 17.7
121.6 67.6 98.8 62.5
61.2 61.7 62.2 68.0
August
18.8 17.8 19.2 18.0
36.1 22.1 40.2 45.3
53.4 55.3 51.8 64.6
Sept.
16.7 13.1 15.0 13.8
17.7 20.2 25.5 28.1
54.6 57.8 48.1 63.8
October
9.2
6.7
9.4
7.6
72.6 22.6 44.2 44.4
72.6 59.4 66.5 71.0
Nov.
2.4
-4.7
3.6
0.3
0.0 15.5 10.2 28.1
60.6 74.0 75.0 76.2
Dec.
-0.8 -9.5
-7.4
-6.7
4.8 17.7 54.6 23.0
66.3 77.9
80.3 80.4
_______________________________________________________________________________________________ 
Total
88.7 56.4
56.6 5.0
585 482.9 497 515.5
807.3 817.1 787.3 871.2

7669

© by PSP

Volume 27 ± No. 11/2018 pages 7668-7676

Fresenius Environmental Bulletin

TABLE 2
Some meteorological parametersĨŽƌ/ŒĚŦƌ<ĂƌĂŬŽǇƵŶůƵΎ
Months
Temperature (o C)
Precipitation (mm)
Relative Humidity (%) 
2012 2013 2014 L.Term
2012 2013 2014 L.Term
2012 2013 2014 L.Term 
January
2.4 -0.7 0.2 -3.1
24.2 9.0
0.0
13.1
71.4 75.9 60.6 66.2
Febr
4.9
0.6 -3.2 0.2
34.1 22.6 12.5
15.5
68.2 66.2 63.6 59.1
March
10.4 7.6
3.8
6.8
8.6 16.8 13.5
21.7
48.7 48.3 45.1 48.8
April
12.5 13.4 15.9 13.5
88.2 73.9 16.2
39.7
62.8 57.6 44.6 48.4
May
17.0 17.2 19.4 17.6
92.0 76.9 57.4
51.7
62.9 61.5 53.0 50.5
June1
24.7 22.9 24.6 22.4
18.7 40.4 26.7
32.8
45.5 50.5 39.2 44.7
July1
28.0 27.7 25.7 26.1
12.7 24.0 23.0
15.8
41.8 42.0 45.8 42.5
Agust
26.7 25.9 27.5 25.7
4.6 24.3 0.6
10.8
38.2 44.0 39.0 43.5
Sept.
23.5 21.1 21.6 20.7
0.9 10.6 29.3
11.2
46.2 47.1 48.7 48.4
October
15.2 13.0 15.7 13.4
61.1 25.8 11.5
28.5
69.6 59.7 62.0 62.0 
Nov.
6.4
3.0
8.5
5.9
0.0
9.2 20.7
18.6
63.4 64.7 76.2 64.7
Dec.
2.5 -1.8 1.1 -0.7
1.3
9.1 29.0
14.2
64.7 72.8 75.3 67.9
_______________________________________________________________________________________ 
Total
174.2 149.9 160.8 12.4
347.4 342.6 240.4 273.6
683.4 690.3 653.1 646.7 
* General Directorate of Meteorology of the Ministry of Forestry and Water Affairs 
for 24 hours at a temperature of 105oC for herbage
DM yield determination.

The Igdir location where the experiments are
conducted has a milder clime than the Kars location. But the total amount of precipitation and relative humidity of the Igdir station is lower than the
Kars location.
Soils were analyzed at Ankara (2012) Soil
Fertilizer Research Institute Laboratory. According
to the analysis, The soil of the research fields (Kars,÷GÕU  ZDV FOD\ ORDP DQG VOLJKWO\ DONDOLQH ,Q WH[
ture with lime (0.08%), medium salinity (0.812),
medium organic matter (1.15), medium phosphorus
(11.04 ppm) and moderate potassium (165.3 ppm)
LQWKHVRLORI,÷GÕUZLWKORZOLPH  ORZVD
linity (0.112), medium organic matter (2.08) medium phosphorus (9.14 ppm) and high potassium
(113.2 ppm). Plants were scythed 5 times in 2013
DQG  LQ ,÷GÕU DQG  WLPHV LQ  WLPHV LQ
2014 in Kars province. Plants were cut with a
scythe in the flowering period at 10%. Irrigated 4
times during the experiment, by considering soil
structure and plant condition. Plots were handweeded during the establishment and subsequent
years.

Chemical Analysis and Relative Feed Value. The dried samples then ground to pass a 1 mm
sieve and used for laboratory analysis. The analysis
was made for ash, CP, NDF, ADF and Relative
Feed Value (RFV), Metabolic Energy as nutritional
parameters. Nitrogen (N) content was determined
following the micro-Kjeldahl digestion, distillation
and content procedures [14] and the crude protein
(CP) content was estimated by multiplying the N
content by 6.25. The structural plant constituents
(NDF) and (ADF) were compared according to
methods reported by [15]. Neutral Detergent Fiber
(NDF) and Acid Detergent Fiber (ADF) contents
were analyzed using an ANKOM 200 Fiber Analyzer (ANKOM Technology Corp. Fairport, NY,
USA) according to the methods reported by [16].
Metabolic energy value ME (MJ / t KM) and relative feed value were determined by the method developed by [17]. Digestible Dry Matter (% DDM)
was first calculated using the ADF value to calculate the relative feed value. 
% DDM= 88.9 - (0.779 x % ADF)
Dry matter intake (% DMI) was calculated by
the NDF value considering the live weight of the
animal:

% DMI = 120 / NDF
The Relative Feed Value (RFV) index estimates digestible dry matter (DDM) of the alfalfa
from ADF, and calculates the DM intake potential
(as a percentage of body weight, BW) from NDF.
The index is then calculated as DDM multiplied by
dry matter intake (DMI as a % of BW) and divided
by 1.29
RFV = (DDM × DMI) / x 0.775

DATA COLLECTION
Plant height was measured using a steel tape
from the ground level to the highest leaf at forage
harvesting stage. For plant height determination,
mean height of three randomly selected plants was
recorded for each plot. Six interior rows were
clipped at 5cm above the ground level to determine
the biomass yield. Weight of the total fresh biomass
yield was recorded from each plot in the field and
the estimated 500 g sample was taken from each
plot to the laboratory. The sample taken from each
plot was weighed to know the total sample fresh
weight using sensitive table balance and oven dried

Statistical Analysis. The yield data were analyzed in combined year analysis of variance across
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Plant Height. The highest plant height (78.50
cm) was obtained from Elçi variety and the lowest
plant height (59.20 cm) was from the native cultivar
JHQRW\SH LQ ,÷GÕU /LNHZLVH WKH KLJKHVW SODQW
height (74.71 cm) was obtained from Elçi variety
and the lowest plant height (55.32 cm) was from
Native cultivar genotype in Kars. Our results were
in agreement with the results of [19] who studied
similar cultivars in Erzurum, and the results of
many researchers [20].

locations and then by the Random Blocks trial design. Differences between the Averages were subjected to Duncan analysis. MSTAT-C and SPSS16
package programs were used for Average variance,
Average Duncan and Biplot analyzes, respectively.
RESULTS AND DISCUSSION 
This was reflected by no change in ranking
order of genotypes over years due to relatively uniform growing conditions (rainfall, irrigation water,
temperature etc.) during the experimental years. For
this reason years were combined and analyzed. The
combined analysis of variance over years of plant
height and yield showed highly significant differences among genotypes by a level of significance of
0.01, and in genotype and environment interactions
at a 0.05 significance level (Table 3).
Height and efficiency performances of plants
vary with the influence of environmental factors
including climate change such as temperature, total
precipitation and relative humidity. As noted by
[18], the environmental factors on the growth stages
of plants are quite influential. Some genotypes are
quite specific in a particular environment (soil, precipitation and temperature), while others are uniform in performance over a range of environment. 
In this study, plant height and yield have also
changed with the effect of environmental factors.
The height lengths and yields of the genotypes at
the Igdir location were higher than the Kars location. This is because of the high average temperaWXUHYDOXHVDWWKH,÷GÕUORFDWLRQ 

Fresh forage yield (t ha-1). As it may be seen
in Table 3 below, yield of genotypes of alfalfa varied between 49.35 and 37.860 t ha-1whereas the
highest yield (49.35t ha-1) was obtained from Elçi
variety and the lowest yield (37.86t ha-1) was from
WKH QDWLYH FXOWLYDULQ,÷GÕU7KH \LHOGRIJHQRW\SHV
of alfalfa varied between 43.02 and 36.34 t ha -1,
whereas the highest yield (43.02 t ha-1) was obtained from Elçi variety and the lowest yield
(36.340 t/ ha-1) was from the Native cultivar in Kars
province. In a study carried out with CW-3567,
Planet and Kayseri varieties under Erzurum ecological conditions, fresh herbage yields of Kayseri and
CW-3567 were reported as 58.01 and 55.42 t ha-1,
respectively [19] but there was no statistically significant difference between yields.
According to the Average result of the genotype × location interactions, the yield of alfalfa
genotypes ranged from 46.19 to 37.10 t ha -1, while
the highest yield (46.19 t ha-1) was obtained from
Elçi variety, and the lowest yield (37.10 t ha-1) was
from the native cultivar.

TABLE 3
   
       
Plant Height (cm)
Yield (t ha-1)
Dry Matter (t ha -1)
,÷GÕU
Kars
Mean
,÷GÕU
Kars
Mean
,÷GÕU
Kars
Mean
Elçi
78.50 a
74.71 a 76.60 A
49.35 a
43.02a
46.19 A
13.15 a
11.31 a
12.23 A
Kayseri
69.96 b
64.49 c 67.23 C
42.81ab
37.48 b 40.14 BC 11.22 bc
9.72 b
10.470B
Bilensoy
76.39 a
68.74 b 72.57 AB 46.15 a
40.04 ab 43.10AB 11.86 ab
10.36 ab
11.11 B
MA-414
74.86 a
62.19 cd 68.52 BC 43.04 ab
39.98 ab 41.51 B
11.01 bc
10.32 ab
10.66 B
N.cultiv.
59.20 de
55.32 e 57.26 D
37.86 b
36.34b
37.10 C
9.76 c
9.57 b
9.66 C
Mean
71.78A
65.08B
43840A
39370B
11400 A
102.6 B
LSD (%)
5.775**
6.767** 4.073*
626**
349.4**
328.2** 153.2**
104.6**
62.67*
CV (%)
3.73
4.81
4.26
6.61
4.11
5.64
6.22
4.72
5.61
LSD (%); **%1, *%5
TABLE 4
Mean values of ADF, NDF and crude protein for two years.
ADF (%)
NDF (%)
Crude Protein Rate (%)
,÷GÕU
Kars
Mean
,÷GÕU
Kars
Mean
,÷GÕU
Kars
Mean
Elçi
31.41
29.75
30.58 B
43.01
45.29
44.15 AB 20.72
21.45
21.09 B
Kayseri
32.93
37.14
35.04 A
45.20
43.75
44.48 AB 19.31
19.91
19.61 C
Bilensoy 30.30
32.58
31.44 B
41.82
44.81
43.32 B
23.22
23.09
23.16 A
MA-414  30.76
31.78
31.27 B
45.39
47.58
46.49 A
19.41
20.07
19.74 C
N.cultiv. 29.95
31.88
30.92 B
45.83
47.57
46.70 A
18.99
20.52
19.75 C
Mean
31.07
32.63
44.25
45.80
20.33
21.01
LSD (%) ns
ns
2.978*
ns
ns
2.611**
ns
ns
1.263**
CV (%)
9.06
4.15
4.37
LSD (%); **%1, *%5
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Dry Matter (DM) yield (t ha-1). In the study,
as seen in Table 3 below, the hay (dry matter) yield
of genotypes of alfalfa varied between 13.15 and
9.76 t ha-1, whereas the highest hay yield (13.15 t
ha-1) was obtained from Elçi variety and the lowest
yield (9.76 t ha-1) was from the Native cultivar in
,÷GÕU 7KH KD\ \LHOG GU\ PDWWHU  RI JHQRWypes of
alfalfa varied between 11.31 and 9.57 t ha -1, whereas the highest yield (11.31t ha-1) was obtained from
Elçi variety and the lowest yield (9.57 t ha-1) was
from the Native cultivar in Kars. Based on the Average result of the genotype × location interactions,
the hay yield of alfalfa genotypes ranged from
12.23 and 9.66 t ha-1, whereas the highest hay yield
(12.23 t ha-1) was obtained from Elçi variety and
the lowest yield (9.66 t ha-1) was from the Native
cultivar. These findings were in accordance with
[20]. In the study, the differences in ADF, NDF and
crude protein contents of the genotypes of alfalfa
(Medicago sativa L.) varieties were statistically
LQVLJQLILFDQWLQ,÷GÕUDQG.DUVORFDWLRQV*HQRW\SHV
and location interaction was significant at a 0.05
level in the differences in ADF, NDF and crude
protein contents (Table 4).
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while the lowest (19.74%) was in MA-414 variety.
Relative Feed Value (RFV) and Metabolic
Energy (ME). The relative feed value (RFV) is an
index used for legumes based on potential intake
and fiber digestibility [24]. The index is used to
price forage and to allocate forage to appropriate
ruminant livestock performance levels. In our
study, the Average Relative Feed Value (RFV) of
the genotypes changed between 139.70 and 129.40
LQ ,÷GÕU and Kars locations. The highest Relative
Feed Value was obtained from Bilensoy genotype
(139.70 %) followed by Elçi genotype by a value of
138.10 %. The lowest Relative Feed Value was
observed in Kayseri, MA-414 genotypes, and native
cultivar (129.40%). Feeds fed with an RFV index
higher than 100 are considered to be of higher quality when compared to whole flower clover hay and
those with a value below 100 are considered to be
of lower value [25].
Generally, the RFV index is proposed to reflect how well an animal feeds and digests a specific feed when fed as the sole source of energy [26].
7KH UHVXOW UHYHDOHG WKH DOIDOID JHQRW\SHV LQ ,÷GÕU
and Kars locations were of the 1st and 2nd quality.
7KH $YHUDJH YDOXHV RI 0HWDEROLF (QHUJ\ LQ ,÷GÕU
and Kars locations of the genotypes varied between
2.13 and 2.00 (MJ /t BM). The highest ME was
obtained from Elçi genotype with a value of 2.13
(MJ / t KM), and the lowest ME was obtained from
Kayseri genotype with a value of 2.00 (MJ / t KM).

ADF, NDF and CP contents. In the study, as
seen in Table 4 below, quality values, on the contrary to efficiency, were not affected by the different environmental factor. There seems to be no difference between locations in terms of quality criteria. The result revealed, the average ADF contents
of genotypes of alfalfa in two location varied and
for two years between 35.04 and 30.58% The highest ADF content (35.04%) was obtained from Elçi
variety and the lowest (30.58%) was in Elçi variety.
Similar results were reported by [21] and [22].
The Average NDF contents genotypes of alfalfa in two location varied between 46.70 and
43.32%. The highest NDF content (46.70%) was
obtained from the Native cultivar while the lowest
(43.32%) was from Bilensoy variety. These results
were in line with the results of [21] and [23].
The Average crude protein contents of genotypes of alfalfa in two locations varied between
23.16 and 19.74%. The highest crude protein content (23.16%) was obtained from Bilensoy variety

Biplot Analysis Method. The method, which
is based on visual examination and evaluation of
interrelationships among properties, has been widely used recently [9, 27, 28]. Figure 1 shows that the
classification of the properties examined according
to the locations and the change of the properties
according to the locations.
In the study, a basic component analysis was
carried out in order to determine the importance of
the characteristics. According to the results, the
characteristics were divided into 3 basic components. The characteristics in the first component had
the highest significance, and this significance decreased
gradually.

TABLE 5
Mean values of RFV and ME for two years.

,÷GÕU
140.82
130.45
146.97
133.36
133.44
137.01
ns

Elçi
Kayseri
Bilensoy
MA-414 
N.cultv.
Mean
LSD (%)
CV (%)
LSD(%); **%1, *%5

RFV (NYD)
Kars
135.42
128.30
132.46
125.44
125.40
129.40
ns

Mean
138.10 A
129.40 B
139.70 A
129.40 B
129.40 B
8.410*
6.12
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,÷GÕU
2.10
2.06
2.14
2.12
2.15
2.12
ns

ME (MJ/kg DM)
Kars
Mean
2.15
2.13 A
1.94
2.00 B
2.07
2.11 A
2.10
2.11 A
2.09
2.12 A
2.07
ns
0.0863*
3.99

© by PSP

Volume 27 ± No. 11/2018 pages 7668-7676

Fresenius Environmental Bulletin

FIGURE 1
Grouping of Alfalfa genotypes characteristics with the GGE biplot analysis method and their relationships with the average values of the examined properties.

FIGURE 2
Diagram RIFOXVWHUDQDO\VLVRI$OIDOIDJHQRW\SHV¶FKDUDFWHULVWLFVZLWKWKH**(ELSORWDQDO\VLVPHWKRG
DISCUSSION

Plant height, yield, dry matter yield, crude
protein content and RFV values were in the first
principal component with the first level of signifiFDQFH LQ ,÷GÕU and Kars locations. ME values in
,÷GÕU0(DQG1')YDOXHVZHUHLQWKHVHFRQGSULQ
cipal component with the second level of signifiFDQFH LQ .DUV $') DQG 1') YDOXHV LQ ,÷GÕU DQG
ADF values in Kars were in the third principal
component with the third level of significance.
Characteristics in the first principal component
were grouped according to Alfalfa Genotypes and
subjected to clustering analysis. These groups are
shown Fig 2. This clustering analysis involved 5
alfalfa genotypes and there were 3 clusters.
According to the results of this analysis, the
1st genotype (Elçi), 3rd genotype (Bilensoy) and
4th genotype (MA-414) were identified as the best
genotypes in both locations. These results are also
consistent with the results of the analysis of variance.

By average, the genotype × location interactions in plant heights of the alfalfa genotypes
ranged from 76.60 to 57.26 cm, while the highest
plant height was 76.60 cm in Elçi variety and the
lowest plant height was 57.26 cm in Native cultivar
(Table 1). While our results (37.100-46.190 ha-1)
were higher than those of [29] (13.080-19.280 t
ha-1), [19], [30], they were lower than those obtained by [31] (91.480-99.060 t ha-1), [32] (59378853 t ha-1) and in agreement with [33], who found
yields of 32.600 t ha-1 under Ankara conditions and
[34] who found yields between 36,720 in 61, 530 t
ha-1LQ'L\DUEDNÕULUULJDWHGFRQGLWLRQV
The Average crude protein contents of the
genotypes of alfalfa in two locations varied between 23.16 and 19.74%. The highest crude protein
content (23.16%) was obtained from Bilensoy variety and the lowest was obtained as 19.74% from
MA-414 variety (Table 2). The results were in
agreement with [35] data (20,9-23,3%).
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[3] Radovic, D.J., Sokolovic, J. and Markovic, J.
(2009) Alfalfa-Most important perennial forage
legume in animal husbandry. Biot. in Ani.
Husb. 25(5-6), 465-475.
[4] Ahmad, J., Iqbal, A., Ayub, M. and Akhtar, J.
(2016) Forage Yield Potential and Quality Attributes of Alfalfa (Medicagosativa L.) Under
Various Agro-Management Techniques. The
Journal of Animal and Plant Sciences. ISSN:
1018-7081, 26(2), 465-474.
[5] Annicchiarico, P. (2002) Genotype X environment interaction: Challenges and opportunities
for plant breeding and cultivar recommendations. FAO Plant Production and Protection
Paper 174.FAO.
[6] Van Eeuwijk, F.A., Malosetti, M., Yin, X.Y.,
Struik, P.C. and Stam, P. (2005) Statistical
models for genotype by environment data:
from conventional ANOVA models to ecophysiological QTL models. Australian J. Agric.
Res. 56, 883-894.
[7] Mohammadi, R., Haghparast, R., Amri, A.,
Ceccarelli, S. and Buck, H.T. (2010) Yield stability of rainfed durum wheat and GGE biplot
analysis of multi-environment trials. Crop Pasture Sci. 61, 92-101.
[8] Yan, W. (2001) GGE Biplot: A Windows Application for Graphical Analysis of Multienvironment Trial Data and Other Types of Twoway Data. Agronomy Journal. 93, 1111-1118.
[9] Yan, W., Kang, M.S., Ma, B., Woods, S. and
Cornelius, P.L. (2007) GGE biplot vs. AMMI
analysis of genotype-by-environment data.
Crop Sci. 47, 643-653.
[10] Badu-Apraku, B., Akinwale, R.O., Menkir, A.,
Obeng-Antwi, K., Osuman, A.S., Coulibaly,
N., Onyibe, J.E., Yallou, G.C., AbdullaI, M.S.
and Didjera, A. (2011) Use of GGE-biplot for
targeting early maturating maize cultivars to
mega-environment in West Africa. African
Crop Sci. J. 19, 79-96.
[11] Gauch, H.G. (1992) Statistical analysis of regional yield trials: AMMI analysis of factorial
designs. Elsevier, Amsterdam, Netherland.
[12] Akçura, M., Taner, S and Kaya, Y. (2011)
Evaluation of bread wheat genotypes under irrigated multi environment conditions using
GGE biplot analyses. Zemdirbyste- Agriculture. 98, 35-40.
[13] Shojaei, S.H., Mostafavi, K., Khodarahmi, M.
and Zabet, M. (2011) Response study of canola
(Brassica napus L.) cultivars to multi environments using genotype plus genotype environment interaction (GGE) biplot method in Iran.
African J. Biotechnol. 10, 10877-10881.
[14] AOAC. (1995) Official Methods of Analysis.
16th ed. Association of Official Analytical
Chemists, Arlington, VA.

It was reported that increased levels of ADF
and NDF, which are found in the structure of animal feeds, reduced digestion and animal feed consumption [16, 36]. Since ADF and NDF reduce
digestibility, it is desirable that they are low in
feeds [16].
Determination of energy and digestible nutrients of feeds is one of the important criteria that
determine nutritional values. Animal feeding behavior, feed intake or consumption, digestibility
and conversion to animal products vary depending
on feed quality [16]. Feed quality is usually determined by measuring the chemical, physical and
biological parameters of the feed. Relative Feed
Value (RFV) was developed for the alfalfa plant in
the USA and used in other feeds and to determine
nutritional parameters of feeds [18]. Acid detergent
fiber (ADF) and neutral detergent fiber (NDF) values are used to calculate the relative feed value
(RFV) [24]. The feed quality decreases when the
relative feed value goes down from 100, and increases as it goes up [37]. 
$FFRUGLQJWRWKLV5)9LVEHORZWKHIHHG¶V
quality is 5; if it LV EHWZHHQ  DQG  WKH IHHG¶V
TXDOLW\LVLILWLVEHWZHHQDQGWKHIHHG¶V
TXDOLW\LVLILWLVEHWZHHQDQGWKHIHHG¶V
quality is 2, and finally, if it is between 125 and
WKHIHHG¶VTXDOLW\LVLVFRQVLGHUHGWKHEHVW
quality [38].
In our study, in terms of Relative Feed Value
(RFV) and Metabolic Energy (ME) values, the difference among the genotypes of alfalfa was not
significant, but the difference among the genotypes
and location interactions was significant (p<0.05)
(Table 3). It is important to identify the chemical
composition, energy and digestible nutrients of
feeds in order to reveal their differences.
Breeding high yield and quality alfalfa varieties and increasing cultivation and production has
great importance for any country. This is because
unless the number of animals is reduced on the
rangelands and pastures, pasture and rangeland recovery or breeding is impossible. For this reason, it
is essential to care and increase fodder crops cultivation.
Elçi and Bilensoy are favorable variety with
regards to yield and quality for two locations.

REFERENCES
[1] Akmal, M., Farid, U., Asim, M., Farhatullah
and Raziuddin (2011) Crop growth in early
spring and radiation use efficiency in alfalfa.
Pakistan J. Bot. 43(1), 635-641.
[2] Lacefield, G.D., Ball, D.M., Hancock, D., Andrae, J. and Smith, R. (2009) Growing Alfalfa
in the South:1-15. http://www.alfalfa. org.

7674

© by PSP

Volume 27 ± No. 11/2018 pages 7668-7676

Fresenius Environmental Bulletin

[27] Akçura, M., Topal, A. (2009) Comparison of
the Pure Lines Selected from the Local Bread
Wheat Populations in the Central Anatolia Region to Some Proprietary Varieties in terms of
Grain Yield and Quality Characteristics. National Grain Symposium. 2-5 June 2008, Konya, 59-69.
[28] .ÕOÕo+7HNGDO6.HQGDO(DQG$NWDú+
(2012) Evaluation of Advanced Layer Durum
Wheat (Triticum turgidum ssp.) Lines Based
on Augmented Trial Pattern using Biplot Analysis Method. KSU Journal of Natural Sciences.
15 (4), 18-25.
[29] 0DQJD ø   ,QYHVWLJDWLRQV RQ 6RPH $J
ronomic Morphological and Biological Characteristics of Important Alfalfa Varieties Growing in Erzurum Ecological Conditions. Atatürk
University Faculty of Agriculture, Publication
No: 577, Faculty of Agriculture. Publication
Number: 261, Research Series. No: 172.
[30] .XúYXUDQ$DQG7DQVÕ9  'HWHUPLQD
tion of Adaptation Capabilities of Alfalfa
(Medicago sativa L.) and Some Wheatseed
Forage Plants in Irrigated Conditions. Turkey
VI. Field Crops Congress. Volume 2, 5-9 September 2005, Antalya, 797-802.
[31] Anlarsal, A.E. (1996) A Research on Determination of Some Important Properties of Different Alfalfa (Medicago sativa L.) Varieties in
Çukurova Conditions. CU Journal of Faculty of
Agriculture. Adana. 11 (3), 119-134.
[32] (÷LQOLR÷OX*6DEDQFÕ&2%X÷GD\FÕJLO, M.,
DQGg]SÕQDU+  $6WXG\RQ$GDSWDWLRQ
of Some Alfalfa Varieties in Menemen Conditions. Turkey 3 Pastureland and Forage Crops
Congress. 17-19 June 1996, Erzurum, 321-327.
[33] $OWÕQRN 6 DQG .DUDND\D $   )RUDJH
Yield of Different Alfalfa Cultivars under Ankara Conditions. Turkish Journal of AgriculWXUDO)RUHVWU\78%ø7$.-16.
[34] %DúED÷ 0 *O ø DQG 6DUXKDQ 9  
Project on Alfalfa and Trefoil Variety Yield
and Adaptations under Irrigated Conditions in
'L\DUEDNÕU 7h%ø7$.-TARP-2261 Project
Final Final Report, Ankara, 32p.
[35] Clark, D.R., Smith, J.E., Dovel, R.E. and
Rainey, J. (2000) Alfalfa Variety Trial, 19962000. 2000 Annual Report. Klamath Experiment Station, Klamath Falls.
[36] Yavuz, M. (2005) Determination of relative
feed value and in vitro digestion of some rumiQDQW IHHGV *D]LRVPDQSDúD 8QLYHUVLW\ )DFXOW\
of Agriculture Journal. 22 (1), 97-101.
[37] Redfearn, D.H. and Caddel Zhang, J. (2006)
Forage quality interpretations. Oklahoma Cooperative Extension Service. F-2117.

[15] Van Soest, P.J., Robertson, J.D. and Lewis,
B.A. (1991) Methods for dietary fibre, neutral
detergent fibre and non-starch polysaccharides
in relation to animal Nutrition. Journal of Dairy
Science. 74, 3583±3597.
[16] Van Soest, P.J. (1994) Nutritional Ecology of
the Ruminant (2nd Ed.). Cornell University
Press. Ithaca, N.Y. 528p.
[17] Van Dyke, N.J. and Anderson, P.M. (2000)
Interpreting a forage analysis. Alabama cooperative extension. Circular ANR-890.
[18] Ball, D.M., Hoveland, C.S. and Lacefield, G.D.
(1996) Forage Quality. In: Southern Forages
(2nd edition). Potash and Phosphate Institute
and Foundation for Agronomic Research, Norcross, GA. 124-132.
[19] ùHQJO 6 DQG 7DKWDFÕR÷OX /   'HWHU
mination of Weed and Raw Protein Yields in
Different Alfalfa Varieties and Lines in Erzurum Ecological Conditions. Turkey 3 Grassland and Forage Crops Congress. June 17-19,
Erzurum, 608-614.
[20] Abdel-Rahman, E.M. and Abu Suwar, A.O.M.
(2012) Effect of seeding rate on growth and
yield of two alfalfa (Medicago sativa L.) cultivars. International Journal of Sudan Research
IJSR. 2(2), 141-154.
[21] Kallenbatch, R.L., Nelson, C.J. and Coutts,
J.H. (2002) Yield, Quality, and Persistence of
Grazing- and Hay-Type Alfalfa under Three
Harvest Frequencies. Agron. J. 94, 1094±1103.
[22] Orloff, S. and Putnam, D. (2006) Cutting
schedule strategies to maximize returns. Proc.
2006 Western Alfalfa and Forage conferences,
Reno, Nevada, UC Cooperative Extension,
Agronomy Research and Extension Center,
Plant Sci. Department, Univ. of California.
USA. 95616.
[23] Putnam, D., Orloff, S. and Teuber, L. (2005)
Strategies for balancing quality and yield in alfalfa using cutting schedules and varieties.
Proc. 35th California Alfalfa and Forage Symposium, Visalia, UC Cooperative Extension,
Agronomy Research and Extension Center,
Plant Sci. Department, Univ. of California.
[24] Moore, J.E. and Undersander, D.J. (2002) Relative forage quality: Alternative to relative feed
value and quality Index. Proceedings 13th Annual Florida Ruminant Nutrition Symposium.
16 -32.
[25] Dunham, J.R. (1998) Relative feed value
measures forage quality. Forage Facts. 41.
[26] Kazemi, M., Tahmasbi, A.M., Naserian, A.A.,
Valizadeh, R., Moheghi, M.M. (2012) Potential
nutritive value of some forage species used as
ruminants feed in Iran. African Journal of Biotechnology. 11, 12110- 12117.

7675

© by PSP

Volume 27 ± No. 11/2018 pages 7668-7676

[38] Rohweder, D.A., Barnes, R.F. and Jorgensen,
N. (1978) Proposed hay grading standards
based on laboratory analyses for evaluating
quality. Journal of Animal Science. 47, 747759.

Received:
Accepted:

10.05.2018
30.07.2018

CORRESPONDING AUTHOR
Serap Kizil-Aydemir 
Department of Field Crop, 
Faculty of Agriculture and Science, 
%LOHFLNùH\K(GHEDOL8QLYHUVLW\
Bilecik, 11230 ± Turkey 
e-mail: serap.kizil@bilecik.edu.tr

7676

Fresenius Environmental Bulletin

#" 

  $ 









                  !




%$ $ " #$"%$  ') 
$%%#$""#$"#"# 
$  )

.32*501.5  )*5?*5; 650@1.52* 
1

College of Geographic and Biologic Information, Nanjing University of Posts and Telecommunications, Nanjing, 210023, P.R. China
2
College of Geographic and Oceanographic Sciences, Nanjing University, Nanjing, 210023, P.R. China
3
Institute of Natural Resources and Environment Audit, Nanjing Audit University, Nanjing, 211815, P.R. China
4
School of Earth Sciences and Engineering, Hohai University, Nanjing, 211100, P.R. China



#$"$
Terrestrial laser scanning (TLS) technologies
are now a viable option for augmenting highway
tunnel inspections. Utilizing an integrated combination of a TLS and computer three-dimensional (3D)
reconstruction can decrease costs, expedite inspections and facilitate highway tunnel access. In this
paper, an automated and efficient method for reconstructing highway tunnel using terrestrial 3D
laser scanning technology is presented. Any such
inspection must consider the design of the TLS
technology, the choice of laser scanners, data acquisition, geometrical resolution, and safety regulations. The G25 Highway Tizishan Tunnel in Jiangsu
Province recently served as a test bed for a TLS
inspection methodology that integrates these considerations. The end goal was to produce a
three-dimensional (3D) model of the tunnel using
TLS captured point clouds and a Poisson approach.
To maximize the quality of the 3D model and its
benefits to inspectors, this goal guided TLS task
and mission planning. The resulting inspection
methodology integrates TLS task, data capture and
data analysis together to provide an optimized 3D
model. This model provides inspection documentation while enabling the monitoring of defects. The
developed methodology is presented herein, as well
as analyses of the 3D models. The findings demonstrate that the TLS inspection methodology provided superior 3D models with the accuracy to resolve
defects and support the needs of urban area managers.

)' "#
Terrestrial laser scanning, point cloud, 3D modelling,
tunnel inspection

$" %$ 
The growth of urban communities in relatively
small areas leads to high concentrations of population. Such densely populated areas demand continuous investment in the form of new construction
projects aiming to maintain and elevate the standards of living. However, the presence of residents in
proximity to construction sites introduces new
challenges to project management and involved
parties. These challenges increase the number of
non-traditional project variables, which would lead
to more associated environmental risks, e.g. landslide, collapse and flood. Precise three- dimensional
(3D) modeling of underconstruction and postcompletion structures is an important construction
management and assessment tool. 3D modeling
should be performed not only precisely but quickly
and economically as well, so as to keep up with the
continually changing nature of construction sites.
Terrestrial laser scanning (TLS) technology
provide the highest level 3D detail of object structure. It have been utilized as a laser scanner set-up
for diverse oceanography or engineering purposes
and for a more detailed discussion of the breadth of
these applications the reader is referred to the studies of Koroglu et al. [1] and Mukupa et al. [2]. Recently, researchers have studied using TLS as a data
acquisition platform for a wide variety of urban
infrastructure applications in order to overcome
accessibility issues in large and complex environments. Li et al. [3] introduce a novel methodology
for the accurate and computationally efficient parsing of urban building facades from TLS. Huang et
al. [4] proposes a solar potential analysis method
that is run directly on TLS to get an accurate result
and offer an automatic solution for sunlight analysis.
Chen and He [5, 6] presented every major step of
the whole urban road model reconstruction process.
TLS has enabled high-resolution 3D imaging
of tunnels in the form of point clouds, which are
unstructured collections of points where each point
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represents the 3D Cartesian coordinates (x, y, z) of
the location where the laser beam has illuminated
the surface. Qiu and Cheng [7] introduced a clearance inspection technique to generate the high- resolution digital elevation model (DEM) of a railway
tunnel surface from TLS data. Ardalan et al. [8]
offer a method for mapping as-built tunnels excavated by tunnel-boring machines (TBMs) that is
conveniently applicable and cost-effective. Cacciari
and Futai [9] evaluate various methods of geometrical discontinuity characterization using point
clouds that are generated with TLS in a tunnel. The
main advantage of using TLS rather than traditional
surveying methods is that information can be obtained on the geometry of the tunnel along its entire
length rather than on specific sections, usually at
intervals of several meters; hence, any of the sections of a tunnel can be modelled and represented
for research purposes. TLS has been receiving more
attention, particularly in the areas of tunnel management [10, 11], tunnel monitoring techniques
[12-17], and tunnel cross-section extraction
[18-22].
3D surface reconstruction came to importance
primarily as a result of TLS techniques. The utility
of classifying surface reconstruction in terms of
priors helps to constrain expectations and prioritize
desirables for reconstruction output in application
dependent ways. De Tanago [23] propose a method
to estimate above ground biomass of large tropical
trees by 3D tree modelling of TLS. Beltrame and
Costa [24] confirm the potential of 3D surveys in
documenting underwater archaeological sites on
ancient shipwrecks with different characteristics in
different environments. Lian and Hu [25] used TLS
to capture the point cloud data of the slope landslide, ground steps and cracks, and tilt of a
high-voltage tower for monitoring ground disasters.
The captured point cloud data were processed by
denoising, modeling, sectioning, and spatial analysis. The use of TLS for reconstruction 3D models of
tunnels is currently undergoing an important development. Moisan et al. [26] focus on the construction of a full 3D model of a canal tunnel by
combining terrestrial laser (for its above-water part)
and sonar (for its underwater part) scans collected
from static acquisitions. Computer graphics took an
immediate interest in such technology, following
one of its longstanding goals: the modelling, recognition and analysis of the real world. Moreover,
current applications have made use of such scanners in all fields of data-driven science, spanning
from the micro- to macro-scale.
Currently, fewer studies were performed to
automatic 3D reconstruction method based on TLS
for urban construction applications. Therefore the
objective of this paper is to develop an automatic
3D reconstruction of highway tunnel using TLS
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technology. The article is organized as follows: the
material and proposed method that includes specifications of TLS used, study area and Poisson surface reconstruction approach in section 2. Section 3
discusses the tunnel 3D model result, followed by
section 4 with the conclusions and recommendations for further research.
$"#$ #

$.88.9:82*3 *9.8 #,*55.8 Terrestrial laser
scanner is a measuring instrument providing the
detailed surface geo-information of objects directly
and efficiently. The most important advantage of
this instrument is its providing ability of detailed
point cloud data of the complex objects very automatically and efficiently with respect to other
measuring methods. In this study, Trimble® GX™
3D laser scanner was used to collect data for highway twin tunnels. The instrument is shown in Figure 1. This instrument is a compact, fully portable
and highly integrated package with digital image
capture and sophisticated software tools and widely
used for the commercial survey, engineering, mining and industrial studies. This scanner is a long
range, time-of-flight (TOF) laser scanner used for
acquiring point cloud data of large structures or
entire landscapes. The scanner operates on a
time-of-flight mechanism measuring the amount of
time it takes for the laser to return to the unit. It
then uses this information to record the precise X, Y,
Z coordinates for an object in 3D space. The result
is a 3D representation of the object - to scale - in
the form of an organized 3D point cloud. With processing of the point cloud data, additional information such as cross sections and structural elements can be derived from the data easily.
The Trimble GX 3D Scanner is just one advanced component of a superior surveying and Spatial Imaging solution that lets us capture, extract,
and analyze spatial data. With the Trimble GX 3D
Scanner, we can collect millions of points for photo-realistic resolution, or we can collect exactly the
number of points we need. Trimble® SureScan™
patented technology lets us scan smarter—and faster. Trimble SureScan automatically adapts our
scanning parameters to the geometry of a scanned
object, and controls scanning movement to keep a
constant user-defined space between points in 3D.
This unique, innovative function maintains the
equal density of points even for target objects such
as roads and tunnels, where distances to points vary.
We won’t capture too many points at short distances and too few points at longer distances—we also
won’t capture measurements we don’t need. Being
more efficient in the field operation translates directly into faster and easier data processing.
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Comprising the Trimble GX itself, the field
proven Trimble® TSC2® controller, and the powerful RealWorks Survey™ office software, the complete system enables surveyors and geospatial professionals to generate compelling deliverables for
clients. Trimble RealWorks Survey can take the
millions of points captured in a single scan and
convert them into a usable form for processing in
RealWorks Survey or our favorite CAD package.
RealWorks Survey automates each step from data
capture to client-ready deliverable—it’s powerful
but extremely easy to use. Some technical specifications of the used scanner are shown in Table 1 as
follows.
$ 
$.,152,*397.,2/2,*:26596/ 3*9.89,*55.8
!*8*4.:.8

&*3;.
350 m (90% reflective)
5 000 point/sec
1.4 mm @ ≤50 m
2.5 mm @ ≤100 m
3.6 mm @ ≤150 m
1.2 mm @ 100 m (position)
.7 mm @ 100 m (distance)
std dec. 1 mm
.3 mm @ 50 m
360°×60°
0 to 40 (operating)
-20 to 50 (storage)

Range
Scanning speed
Standard deviation

Point accuracy
Target acquisition
Scan resolution
Field of view
Environmental
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reconstruction methodology. The Tizishan tunnels,
completed in September 2003, are designed as integral double span arch (Figure 2). The tunnels span
332m cross the Tizishan Mountain, making it the
longest clear-span highway tunnel in China. Either
tunnel has a height of 8.15 m and a width of 14.05
m. In order to validate the method herein presented,
it was applied to the one tunnel of them. A laser
scanning acquisition survey was planned. The laser
point cloud data acquisitions were performed using
a Trimble GX 3D Laser Scanner, which can collect
millions of points for photo-realistic resolution. To
survey the environment in 3D over a range of 5-350
m, a laser beam sweeps the visible surfaces, field of
horizontally and vertically view over 360°×60°.
The location of the scanner positions was planned
to minimize the number of survey stations and to
avoid possible omissions. In fact, for the measurement of the tunnel area, sixteen stations were required. The survey by laser scanner was also important for geometrical registration of reference
targets. To be noted that one station maximum distance is about 40 m, from back target to front target.
Figure 3 shows the 3D laser scanner set up in study
area.
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#:;-?8.* The twin tunnels named Tizishan,
located on the Ning-Hang highway belong to the
G25 Changchun-Shenzhen highway (Yixing City,
Jiangsu Province, China), was chosen as a study
area for the testing of a new automatic 3D tunnel
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!629965".,659:8;,:2657786*,1 The input
point cloud data  is a set of samples   , each
consisting oof a point .  and an inward-facing
normal . , assumed to lie on or near the surface
 of an unknown model . Our goal is to reconstruct a watertight, triangulated approximation to
the surface by approximating the indicator function
of the model and extracting the isosurface.
The key challenge is to accurately compute
the indicator function from the samples. In this section, we derive a relationship between the gradient
of the indicator function and an integral of the surface normal field. Then approximate this surface
integral by a summation over the tunnel point samples. Finally, we reconstruct the indicator function
from this gradient field as a Poisson problem.
Because the indicator function is a piecewise
constant function, explicit computation of its gradient field would result in a vector field with unbounded values at the surface boundary. To avoid
this, we convolve the indicator function with a
smoothing filter and consider the gradient field of
the smoothed function. The following lemma formalizes the relationship between the gradient of the
smoothed indicator function and the surface normal
field.
Given a solid  with boundary
ry , let 
denote the indicator function of ,
()
( be the
inward surface normal at   , () be a
smoothing filter, and ()= ((−) its translation
to the point . The gradient
off the
di
h smoothed indicator function is equal to the vector field obtained by
smoothing the surface normal field:
(1)
To prove this, we show equality for each of
the components of the vector field. Computing the
partial derivative of the smoothed indicator function
with respect to , we get:

(2)
The first equality follows from the fact that
 is equal to zero outside of  and one inside.
The second follows from the fact that
. The last follows
from the Divergence Theorem. A similar argument
shows that the -, and -components of the two
sides are equal, thereby completing the proof.
Of course, we cannot evaluate the surface in-
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tegral since we do not yet know the surface geometry. However, the input tunnel points provides precisely enough information to approximate the integral with a discrete summation. Specifically, using
the point set  to partition  into distinct patches
К  , we can approximate the integral over a
patch К by the value at point sample . , scaled by
the area of the patch:

(3)
It should be noted that though Equation (1) is
true for any smoothing filter , in practice, care
must be taken in choosing the fi
filter. In particular,
we would like the filter to satisfy two conditions.
On the one hand, it should be sufficiently narrow so
that we do not over-smooth the data. And on the
other hand, it should be wide enough so that the
integral over К is well approximated by the value
at .  scaled by the patch area. A good choice of
filter that balances these two requirements is a
Gaussian whose variance is on the order of the
sampling resolution.
Having formed a vector field , we w
want to
solve for the function
such that
. However,
is generally not integrable, so an exact
solution does not generally exist. To find the best
least-squares approximate solution, we apply the
divergence operator to form the Poisson equation:
.
In the next section, we describe our implementation of this method.
"#%$##%## 

$;55.39!86/23..*9;8.4.5:The objective
is to measure the G32 highway twin tunnels using
TLS system based on Control Network (CN)
method. The CN method facilitate the measurements of highway twin tunnels in one aspect. Multiple scans complete the overall highway tunnel
measurements for two long strip ribbons. Since the
shape of each tunnel is consistent, analyzing the
results of the final registration is useful and extendable. The scanning scene shows the approximate distribution of scanners and targets along the
tunnels. Normally the distance between stations is
15 to 20 m, and the scanner from the one of either
side of tunnel is 1 to 3 m (Figure 4).
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From each scanning position station (Figure 5),
the point cloud covers the whole field of view of
the laser scanner (i.e. Trimble GX 3D: 360° horizontal × 60° vertical continuous single scan). The
density of these point clouds varies, depending on
the time, observed object, surveying environment
and type of measurement. For this case study is a
control measurement in highway environment. For
each surveying station would cost 20 minutes, the
density of scanning points was set at a point every 5
mm at the maximum distance of about 20 m on the
concrete surface of the scanned tunnel ring. For a
reference target object scanning would cost 10
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minutes, the scan mode was set at ‘refined scan
mode’. During the optimized processing of the
point clouds from measurements immediately after
placement, resulting in a point cloud resolution of
at least 5 mm was imported in the laser scan processing software (Realworks Survey). The original
scanning resolution for measurements immediately
after placement did significantly contribute to the
necessary level of detail or accuracy, so in the future, a point every 5 mm at the maximum distance
would be sufficient for measurements immediately
after placement. Moreover, the overlap of these
scanning positions in this type of measurements
increases the point density to a level comparable
with the control measurements. This resolution offers enough details to filter and extract the point
clouds and to automatically identify the
white-and-green targets by the Realworks Survey.
The used laser scanner manufacturer’s specifications mention a 12 mm position accuracy at 100 m
and a 7 mm distance accuracy at 100 m. The standard deviation of Trimble targets acquisition is 1
mm. The modeled surface precision is ±2 mm.
The length of single tunnel is about 332 m and
two scanning trips (lines of scanning position) are
laid in parallel cross both tunnel. To cover the
whole tunnel section during the CN measurement
and to limit the incidence vacancy of the tunnel
point cloud, sixteen scanning positions are needed,
taking into account the field of view specifications
of the used 3D laser scanner. Redundant observations are obtained outside the tunnel. The specific
conditions for the scanning positions and targets,
illustrate the schematic diagram of the scanning
positions and the locations of the targets and the
schematic diagram of registration (Figure 6). All
scanning positions are eventually shown as the
chain distribution, ensuring the greatest degree of
reliability for the scanning position registration
based on CN method.
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To ensure the stability of the local scanning
position registration, at least four targets (two back
targets and two front targets) are laid between the
two adjacent scanning positions. The spatial locations of the targets are evenly distributed and considered in the scanner angle of incidence in the
layout process for the targets.
The tunnel point cloud pre-process before 3D
reconstruction includes steps as follow: (1) noise
points from wires and pipelines should be clearly
present in the data (Figure 7a), filtering the original
tunnel point clouds, resulting in pure point cloud
without any noise (Figure 7b), (2) registration for
all point clouds of scanning stations (Figure 7c).
Then the candidate cross-sectional points were extracted using the straight line that was orthogonal to
the centerlines of the tunnel within a vertical plane
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at a one-degree interval (Figure 7d).

46-.33250 As mentioned in section material and methods, our proposed Poisson reconstruction approach can theoretically reconstruct tunnel
3D model from the terrestrial point clouds. The
total computational cost of the 3D model reconstruction was less than 80 minutes. An overview of
tunnel 3D model is shown in Figure 8. For tunnel
inspectors, besides the acquisition, processing and
recording of data, it is decisive to have an easy access to the latter. In this scope, if an exhaustive assessment of the structure had been performed, all
details with tunnel identified can be output from the
tunnel 3D model, with all relevant information
linked. This geometric reference model can be later
consulted using a user-friendly graphic interface.
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This paper presents an approach of the method
developed by terrestrial laser scanning technology,
aiming at reconstructing concrete tunnel 3D model.
The overall tunnel 3D model pattern can be obtained and recorded using this automated and efficient method. The local analysis of the reconstructed tunnel 3D model allows measuring their width,
length and orientation. These features show that the
proposed method can be an important aid in the
definition and optimization of maintenance interventions of concrete tunnels. Compared to traditional methods, the main advantage of developed
method is the automatic processing of information,
resulting in higher speed, efficiency, reliability and
both quantity and quality of data. In addition, a
comprehensive database is created and can be recorded in geometric reference models.
Terrestrial laser scanning technology requires
access for positioning the reference stations and an
exhaustive survey of the structure, which involves
the use of various survey lengths to reach the required resolution. The laser scanning proved to be
suitable for the geometry survey of structures and
build geometric reference models, including information regarding reference points, essential for
details characterization. Presently, the method is
applied to exposed concrete surfaces and presents
the following main limitations: (i) the nonoperation
on surfaces with dirty stains that hide details of
survey object; and (ii) the exhaustive scan survey
needed to achieve the required resolution. In the
first case, the limitation is transverse to all existing
methods. In the second case, the use of robotized
equipment for data acquisition, such as Unmanned
Aerial Vehicle (UAV), represents an attractive and
cost-effective tool. However, still presents significant challenges and the definition of proper protocols, in order to ensure the required precision and
accuracy of results, is currently under evaluation.
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ABSTRACT

the same time, they accumulate in the fat tissues
reaching the mother milk moving through the food
chain because they are non polar chemicals [1, 3, 4
± 6]. However, the actual amount of pesticide residue that the breast feeded infant and new born babies receives is related to the intake during pregnancy via the placenta and the concentration of
pesticides in the breast milk [4, 6]. More than 350
manmade pollutants including the organochlorine
pesticides have been reported in the mother milk in
the United Kingdom [3, 7].
The organochlorine pesticides can be divided
chemically to three subgroups [1]. These are the
DDT family which includes mainly DDT, DDE,
and DDD, the cyclodiene family which include
mainly aldrin, dieldrin, endrin, heptachlor, endosulfan and the hexachlorcyclohexane family which
LQFOXGHĮȕȖ-HCH. Several studies [3, 4, 8, and 9]
indicated the occurrence of these organochlorine
pollutants in the human breast milk. These pollutants have been banned from use in Jordan in the
early eighties of the previous century [1, 4], but
their residues are still detected in the monitored
samples [3, 4]. Since 1982, levels of OCPs contamination as measured in breast milk have declined
significantly. This is likely due to restrictions on
agricultural use of many POPs in Jordan.
Ongoing bio-monitoring in Jordan and interministerial collaboration between the Ministry of
Environment, Ministry of Agriculture, Royal Scientific Society, The University of Joran, Support the
elimination of POPs in the environment, human
body and human milk.
It is the aim of this study to monitor and identify the members of the organochlorine pesticides in
the collected mother milk samples from five governorates located in the north of Jordan. This will be
helpful to evaluate the contamination status of the
mother milk in Jordan after banning the use of these
POPs members to protect and improve public
health and safety.

One hundred samples of breast milk were
gathered from five northern governorates in Jordan
in 2014 and 2015 to monitor the organochlorine
pesticides. The results showed that some of these
pollutants were detected in the analyzed samples
but in low residue concentrations, despite all organochlorine pesticides have been banned from any
agricultural and health use since 27 years ago.
However, the obtained results indicated that 21% of
the contaminated samples contained dieldrin, 10%
SS¶-DDE and 8% SS¶-DDT.
In addition, these analyzed samples had no
residues of aldrin, endrin, HCB, Į-HCH, ȕ-HCH, Ȗ+&+KHSWDFKORUĮ-HQGRVXOIDQȕ-endosulfan, RS¶DDD, RS¶-DDT, RS¶-DDE and SS¶- DDD. In conclusion, there was a decrease in the residues of organochlorine pesticides, particularly DDT and
HCH group members.

KEYWORDS:
Pesticides, Persistent organochlorines, Mother milk, Jordan.

INTRODUCTION
The Stockholm convention on persistent organic pollutants (POPs) aims to eliminate or restrict
the production and use of POPs around the glob.
Human milk with relatively high fat content is a
preferred matrix for monitoring of pollution exposure.
Using chemical pesticides is still the most
common method to control pests in Jordan and
worldwide [1±4]. The persistent pesticides in the
last century were intensively used to control agricultural pest to increase crop yield [1, 3] and public
health insect to increase health level [1, 4] in Jordan
and everywhere. The use of chlorinated hydrocarbon pesticides as persistent chemicals may cause
several problems. They stand in the environment
without degradation for long time contaminating
the components of the surrounding environment. At
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MATERIALS AND METHODS

(10°C/min), 220°C (20 min), 220±290°C
(20°C/min), and 290°C (10 min). Carrier gas (He):
1.1 mL/min, make-up gas: 40 mL/min, and split
ratio (1:50). For the confirmation of the results, a
SPB-5 capillary column (L=30 m, I.D. = 0.25 mm,
film thickness = 0.25 ȝP ZDVXVHG 4, 11).

Sampling and sample handling. One hundred breast milk samples were collected during
2014/2015 from five northern governorates of Jordan. The number of samples collected from each
governorate was proportional to the population
density [4, 10]. These were 25 samples from Irbid,
the largest governorate in the north of Jordan, 20
samples from each Jarash, Ajloun and Al-Mafraq
governorates, and 15 samples from north Shounah.
In these five governorates, lives about 30% of the
total population of Jordan. Also within these governorates lies one third part of the Jordan valley with
the largest agricultural activities and use of pesticides [1, 4. 11].
By the help of Ministry of health, particularly
³0RWKHUDQG&KLOG&HQWHUV´ donors of breast milk
were recruited after singing confirmed consent
forms. Breast milk was collected from 100 primipara women aged 23 ± 45. 20 ± 35 mL of breast milk
were collected from each volunteer women into a
50 mL thoroughly cleaned and well dry glass bottle,
placed in ice boxes, then transferred to the laboratory and kept at -20ºC until analysis. Collected data
about volunteer women particularly age, weight,
delivery numbers, date of last delivery, fatty food
intake, pesticide exposure and sampling date, were
carried out separately and filled in a special prepared questionnaire [4].

Determination of fat content. The fat content
(%) was determined according to Al-Tarawneh [13]
and Banerjee [14]. Ten gram of each milk sample
were weighed and mixed thoroughly in a separating
funnel with 2 mL of 25% ammonia, 25 mL diethyl
ether and 25 mL petroleum ether (40±60°C). The
organic solvents layer was separated and the previous extraction steps were repeated twice. The
pooled organic extracts were filtered through an
anhydrous sodium sulfate layer into a weighed
round bottom flask. The solvents were evaporated
at 30°C and 200 mbar. The round bottomed flask
with the residues was placed overnight in a desiccator. The round bottom flask with residues was reweighed, and from the weight difference, the %
milk fat content was calculated [4].
Residue extraction. Twenty five grams Florisil were added to chromatography column (50×2
cm with Teflon stopcock) containing 100 mL petroleum ether. 10 g milk sample were mixed with 25 g
Florisil (3% water), added to the column, and the
excess solvent was collected in a 500-mL round
bottom flask. The column was eluted with 300 mL
of the elution mixture. The eluates were evaporated
nearly to dryness using the rotary evaporator at
35°C and 12 mbar. The remaining solvent was
evaporated using a stream of nitrogen gas. The residues were dissolved in 2 mL n-hexane containing
0.3 ȝJ P/ DOGULQ DV LQWHrnal standard (I.S.) and
2 ȝ/RIWKLVILQDOH[WUDFWZHre injected onto the GC
column [11].

Chemicals, solvents and gases. The used solvents acetone, dichloromethane, petroleum ether
(40±60°C) were all of the p.a. quality, whereas nhexane used was of GC-quality. Standards of the
individual chlorinated pesticides were of purity
between 99.5 ± 99.9% and purchased from Dr. Ehrenstorfer GmbH (Augsburg/ Germany). Anhydrous sodium sulfate (p.a. quality), was heated at
550°C for 2 h. Florisil (p.a. quality, 60±100 mesh)
was heated overnight at 550°C, mixed with distilled
water to give 3% (w/w), mixed well and kept for
12 h in a closed container prior to use. Helium
(99.99% purity) and make-up gas argon/methane
(95%+5%; 99.9% purity) were used. Elution mixture was petroleum ether /dichloromethane
(80%:20%, v/v) [4, 11].

Recovery tests and detection limits. Extraction and clean-up method were evaluated by spiking blank milk samples with known concentrations
of each of the studied chlorinated pesticides, and
each of these samples was extracted and cleaned-up
according to the above-mentioned method. The
experimentally found concentration was related to
the theoretically added concentration, in order to
calculate the % recovery. The detection limit for
each compound was calculated as signal to noise
61   IURP WKH FKURPDWRJUDP RI WKH VWDQGDUG
mixture of the sixteen studied pesticides after diluting several times. Each solution was injected twice.
The detection limits were 0.005 ppm for all studied
compounds and the % recovery ranged between
79.3% and 99.2% [4].

Methods and GC-analysis. Extraction,
cleanup and determination were carried out according to DFG-method [12] with the following details:
Glassware was dried at 110°C after washing with
soap, water, distilled water, acetone and n-hexane.
The GC used was a PU-304 instrument, equipped
with a 63Ni-electron capture detector, a split injector
and a SPB-608 capillary column (L=30 m, I.D. =
0.25 mm, film thickness = 0.25 ȝP  7KH *& ZDV
used under the following operating conditions: injector (250°C), detector (300°C), column temperature program: 150°C (5 min), 150±220°C
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TABLE 1
Number (N) and % of positive samples (N %), average and range of chlorinated pesticides residues in
mother milk samples in mg/kg milk fat collected from Irbid, Jarash, Ajloun, Mafraq and North Shounah
in Jordan in 2014 and 2015.
Governorate

Analyzed
Samples*

Irbid

25

Jarash

20

Ajloun

20

Mafraq

20

N. Shounah

15

Found
Pesticide

N

N%

Average
Concentration

Dieldrin
SS¶-DDE
SS¶-DDT
Dieldrin
SS¶-DDE
SS¶-DDT
Dieldrin
Dieldrin
SS¶-DDT
Dieldrin
SS¶-DDE

3
4
2
4
2
1
4
4
5
6
4

12
16
8
20
10
5
20
20
25
40
27

0.030
0.080
0.080
0.058
0.015
0.190
0.070
0.110
0.200
0.33
0.13

Concentration
Range
Min Max
0.02
0.05
0.02
0.19
0.05
0.10
0.02
0.13
0.01
0.02
0.19
0.19
0.03
0.09
0.02
0.30
0.07
0.40
0.03
0.91
0.03
0.29

*Total analyzed samples = 100, Average fat content for all samples = 3.1%

samples contained dieldrin, 10% contained p,p¶DDE and 8% contained p,p¶-DDT. All studied locations contain dieldrin, the main metabolite of cyclodien pesticides and positive sample % ranged
between 12 and 40%. The highest residue concentration of dieldrin was in North Shounah (0.33).
This might be due to the fact, that this district is the
most intensive district in this study, concerning the
cultivation of cash crops such as tomato and cucumber which needed control for insect pests. This
pesticide is considered as important member of the
persistent organic pollutants (POPs) (1)
It is obvious that the POPs are easily able to
reach the mother milk through the food chain in the
intensive spraying regions [4, 6 and 15].
Moreover, SS¶-DDE and SS¶-DDT were appeared as residues in most analyzed samples collected from all governorates except Ajloun. SS¶DDE was appeared more frequently and in higher
residue concentration. In general, the parent compound o,p¶-DDT breakdown to o,p¶-DDE (1, 4, 10,
11), indicating that the application of DDT was
stopped since several years because Jordan has
banned the use of this compound since the early
eighties of the last century (1, 10). Pesticides, particularly organochlorine compounds which include
dieldrin, SS¶-DDT and SS¶-DDE are among the
environmental pollutants with important concern
(3, 4, 11 and 16). Sharma (8) in India detected dieldrin in 80% of the analyzed breast milk samples.
The present study showed that the analyzed
samples were free of aldULQHQGULQ+&%Į-HCH,
ȕ-+&+ Ȗ-+&+ KHSWDFKORU Į-HQGRVXOIDQ ȕendosulfan, RS¶-DDD, RS¶-DDT, RS¶- DDE, SS¶DDD. Several workers obtained similar results in
the mother milk in their countries as reported by
Kraus (17) for Iran, Mexico, Indonesia, Turkey,
Germany; also Al-Antary (4, 10, 11) in Jordan, Dillon (18) in Canada, Heifetz and Taylor (6) in USA,
Stuetz (19) in Thailand, Sanghi (20) in India,
Tadevosyan (21) in Armenia, Ennaceur (22) in
Tunesia and Al-Targi (23) in Libya.

RESULTS AND DISCUSSION
Table 1 shows average and range of the residues concentrations of the organochlorine pesticides in human breast milk samples from Irbid,
Ajloun, Mafraq and North Shounah governorates in
2014 and 2015. The samples from Irbid, the largest
populated city in north Jordan contained dieldrin
(0.03 mg/kg milk fat in average) with 12% positive
samples. In addition, 0.08 mg/kg milk fat of each of
SS¶-DDE and SS¶-DDT were reported with 16 and
8% of positive samples, respectively.
Average and range of residues concentrations
of the organochlorine pesticides in breast milk
samples gathered from Jarash governorates in 2014
and 2015 are shown in Table 1. The samples contained dieldrin, SS¶-DDE and SS¶-DDT. Their
concentrations were 0.058, 0.015 and 0.19 mg/kg
milk fat and the % of positive samples was 20, 10
and 5%, respectively.
Average and range of residues concentrations
of the organochlorine pesticides in breast milk
samples collected from Ajloun governorates in
2014 and 2015 are shown in Table 1. The samples
contained only dieldrin. Its concentration was 0.07
mg/kg milk fat, and the % of positive samples was
20%.
Average and range of residues concentrations
of the organochlorine pesticides in breast milk
samples gathered from Mafraq governorates in
2014 and 2015 are shown in Table 1. The samples
contained dieldrin and SS¶-DDT. Their concentrations were 0.11 and 0.20 mg/kg milk fat. The % of
positive samples was 20 and 25%, respectively.
Average and range of residues concentrations
of the organochlorine pesticides in breast milk
samples collected from North Shounah district in
2014 and 2015 are shown in Table 1. The samples
contained dieldrin and SS¶-DDE with concentrations of 0.33 and 0.13 mg/kg milk fat respectively
and % of positive samples of 40 and 27%, respectively.
However, 21% of the whole contaminated
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TABLE 2
Comparison of the average organochlorine residue concentrations (mg/kg milk fat) in human breast milk
in Jordan and other countries
Country/Year
(# of samples)
Turkey/ 2003
(n = 37)
Malaysia/2001-2002
(n = 21)
Germany/ 2001-2002
(n = 39)
Indonesia/ 2002
(n = 70)
Egypt / 2010
(n = 23)
Libya /
(n = 40)
Tunisia / 2007
(n = 87)
Jordan-Middle/ 2004
(n = 80)
Jordan-North/2005
(n = 80)
Jordan-North/ 2014
(n = 100)

Reference
(Ref. Nr.)
NRDC,
[27]
NRDC,
[28]
NRDC,
[28]
NRDC,
[28]
Sherif,
[29]
Al-Targi et al. [23]

HCB

Ȉ+&+V

Ȉ''7V

0.02

1.60

0.15

0.01

1.60

0.19

0.04

0.15

0.02

0.03

-

0.10

-

0.23

1.32

-

0.15

0.26

Ennaceur et al. [22]

0.26

-

2.42

Al-Antary et al.
[11]
Al-Antary et al.,
[11]
This study

0.04

0.17

0.38

0.03

0.13

0.25

-

-

0.14

In general, there was a considerable decline in
residue concentrations from 2004/2005 to
2005/2006 to this study in human breast milk in the
different districts of Jordan compared with previous
studies conducted in Jordan (3, 24). In addition,
when comparing the results of the presented three
studies in Jordan (Table 2) with other international
studies (Table 2), one could notice that residues
concentrations of chlorinated pesticides, particularly the DDTs in breast milk from north and middle
Jordan, were higher than other countries (Table 2),
but less than the concentrations found in Egypt and
Tunisia (Table 2).

dan (4. 10 and 11 and 15). It is recommended to
continue studying pesticides residues in different
environmental components, particularly in mother
milk regularly to build good data base and to help
decision makers to regulate the use of pesticides.
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Estimated daily intake of POPs by infants.
Daily intakes by infants were calculated based on
the average mother milk consumption of a 4 kg
infant is 700 g per day (25). The tolerable daily
intake (TDI) value proposed by Health Canada was
for DDTs 20 μg/kg body weight/day (26). Mean
(average) daily intake for infants in this study was
0.87 (0.38 ± 1.58) for Irbid, 1.11 (1.09 ± 1.14) for
Jarash, 1.09 (0.38 ± 2.17) for Mafraq and 0.71 (0.16
± 1.57) μg/kg body weight/day for northern
Shounah. Comparing the estimated daily intakes
with the TDI established by Health Canada, none of
the analyzed samples from the northern governorates of Jordan exceed the corresponding guideline value limit.
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ABSTRACT
Thermal cameras can be used to identify and
analyze problems in the greenhouse where energy
conservation is extremely important. These identified problems removes the cost of some problems
early, quickly and objectively that may arise in the
future. By controlling the climatic conditions, the
greenhouse made to spread over a wider time in
years, the undercover cultivation process heating is
the most important problem in production. As it is
our country heating costs are one of the most important factors affecting the profitability of greenhouse. Hetaing costs in the greenhouses constitutes
%40 to %80 of total cost depending on growing
season, region and product type. Therefore, heat
loss may occur in greenhouses, which reduces the
gain obtained by increasing the heating costs. Using
thermal cameras, the surface temperatures of all
environmental elements can be easily detected and
analyzed in detail, objective, fast, and noncontactwhich emphasizes the ecological importance
of thermal cameras. Thus, thermal cameras are an
environmentalist practice and the costs that may
arise due to heat losses can be determined in advance.

INTRODUCTION
The sun is the natural energy source used to illuminate the greenhouses. The energy from the sun
to the earth is in the 300-3000 nm wavelength band.
The total radiation from the sun consists of direct or
diffuse heat energy. While some of the solar energy
coming into the greenhouse reaches into the greenhouse; the other part is lost due to reasons such as
reflection, absorption and transmission. The incoming solar energy is absorbed by 25-35% of cover
material and by 10% of building material. The
remaining 55-65% of the heat energy enters the
greenhouse. 10% of the incoming solar energy is
lost by reflection. Thus, the part of the total solar
energy that turns out to be useful in the greenhouse
is between %45 and %50. Heat waves are transmitted through conduction, convection, radiation and
ventilation in greenhouses [1].

FIGURE 1
Ingredients of effective energy balance in greenhouses
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As seen in Figure 1, because of the difference
of the inside and outside temperature of the greenhouse, heat loss is caused by the conduction way of
the cover material, from door and ventilation windows to the points where the construction elements
constituting the construction are joined and from
the places where the cover is placed on the construction, leakage losses occur by convection. In
case of radiation losses, long wavelengths of 600014000 nm greenhouse environment wavelengths are
spread by plant and soil surface, building elements,
greenhouse constructions which are heated in the
greenhouse due to daytime sunshine. Depending on
the heat permeability of the covering material used,
it creates losses through the outside atmosphere
from the greenhouse via radiation (Figure 1).
Therefore, the main elements involved in energy
flow with regard to heat conduction in the greenhouse are; greenhouse air, vegetation cover, soil
surface, greenhouse cover and outdoor air. The heat
energy flow between these elements is shown in the
Figure 1 [2].
Heat flow in greenhouses which occurs generally through heat transmission from cover and air
leaks. Besides, there is heat flow from both ground
which is in and around the greenhouse and surrounding walls. Although heat losses owing to
surrounding walls are crucial in small greenhouses;
heat losses for greenhouses filled with plants completely are insignificant [3]. It is easy for the heat
transfer where all metal parts of the structure, such
as roof which is in direct contact with the air inside
and outside the greenhouse, grooves and connecting
rods. Heat loss more than from these parts of the
greenhouse, from transparent cover material. Air
leaks can occur because these building elements
can not be joined together properly, as well [3].

Fresenius Environmental Bulletin

Construction elements of the greenhouse which are
also expected to be able to safely resist loads, in
addition to being at the minimum level of heat
transfer [4].
Controlling the temperature of the environment, which has a major influence on plant growth
and development, yield and quality, is an important
process in greenhouse management. Heating is the
process of giving heat to the interior of the greenhouse from any energy source, taking solar energy
into account. Heating systems are expensive investments in greenhouses. For this reason, determination of the appropriate heating system and its
capacity where it will increase the incomes of the
producers by reducing the investment costs at the
planning stage. Greenhouse heating systems can
generally be viewed in two groups, central and
regional.
The heating process is performed by using different heating systems depending on the type of
cropping, product pattern and climate condition
(Figure 2) [5].
a) Top tube heating
b) Under-table heating system
c) Sub-pipe heating
d) Soil heating
e) Lateral heating
f) Hot air producer
g) Hot air distributor
h) Hot hot air distributor
Heating costs in the greenhouses constitutes
%40 to %80 of total cost depending on growing
season, region and product type. For this reason, the
heat losses that can occur from the greenhouse
reduce the gain by increasing the heating costs [6].
More than 70% of the energy consumed in the
greenhouses disappears from the greenhouse cover

FIGURE 2
Different types of greenhouse heating
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business in greenhouses [11]. Most of the cost of
greenhouse production is heating costs. Heating
costs can account for 40-80% of total production
costs in greenhouses, depending on growth season
and location [6]. It is important to pay attention to
heat conservation precautions in order to minimize
these costs. [10].

material during the winter season. This is a crucial
in estimating the energy consumption of the greenhouse, accurate analytically estimation of heat loss
through cover material. [7].
To minimize heat loss in greenhouses, it is
neccessary to reduction of the coverage area to the
greenhouse floor area to the extent possible, reduction of the structural elements causing the heat loss
(water gutters), minimize heat loss from unwanted
openings, the use of insulated cover material (double layer) [8].
As in other structures, thermal cameras can be
used in the greenhouses where energy conservation
is extremely important in the identification and
analysis of problems. With the early, fast, objective
and economic determination of the problems, the
cost of some problems that may arise in the greenhouse operations can be removed or reduced.

THERMAL CAMERAS
Thermal imaging is converted to images of
objects invisible radiation pattern, and these images
are referred to as thermal image or thermograms.
Thermal images can be obtained by using portable,
hand held or or thermal sensors that are coupled
with optical systems mounted on an airplane or
satellite. This technology is a non-destructive, noncontact, non-destructive technique used to determine the thermal properties and properties of any
object, and thus can be used in many areas that are
lost in space and time [12] (Figure 1).
Infrared thermography (IR), which means
temperature image, is the science by using radiation
and electro-optical devices science to detect and
measure the surface temperature associated with it
(Figure 3). Radiation is the heat generated when
radiant energy (electromagnetic waves) moves
without a direct transmission medium. Modern IR
thermography is applied using electro-optical devices in order to detect and measure radiation and
to correlate it with the surface temperature controlled structure or equipment. Thermographic
cameras detect electromagnetic radiation in the IR
section of the electromagnetic spectrum (roughly
WRȝP DQGIRUPLPDJHVRIWKLVUDGLDWLRQ$V
an imaging method, invisible IR energy (heat) from
the image basis and display system that determines
the overall structure is formed according to shape
and color according to the energy. In other words,
which means detect the instant case a dot image in a
single time interval of exhaled or radiated heat from
an object is a process of determining the thermal
signature. All objects emit IR radiation according to
their temperature. According to the blackbody radiation law, thermography allows objects to be seen
without visible illumination. The amount of radiation emitted by an object increases linearly with
temperature (Figure 2). Therefore, thermography
enables us to see the difference in temperature.
Thermal imaging cameras, used in various industries, are quite expensive devices that can measure
the temperature of the surface. These devices consist of lenses and sensors that measure the thermal
energy emitted from the objects. Thermal imaging
cameras can be used to clearly defined undetectable
to the naked eye but even small problems that can
lead to serious consequences [13].

PLANT PRODUCTION STRUCTURES:
GREENHOUSES
Greenhouse which is covered with glass, plastic, fiberglass, such as light-transmitting materials,
can control or regulate the environmental conditions in order to provide suitable conditions for
growing plants. The most important objective of
greenhouses; in many climatic regions, in colder
periods, in the indoor environment, to provide
higher temperatures from the outside. One of the
most important causes of the greenhouse have become an industry in the world can be removed the
highest levels of quality and efficiency due to the
climate can be controlled.
According to United Nations Food and AgriFXOWXUH 2UJDQL]DWLRQ )$2 ¶V GDWD ZDV SURGXFHG
1.1 billion tons of fruit and vegetable production
57.2 million hectares of land in the world, 637
million tons of fresh fruit production in 56.5 million
hectares of land in 2012. But this day, 1.2 million
hectares of greenhouse activities are being carried
out in the World. The most greenhouse areas in the
world are located in the Mediterranean basin countries. As a Mediterranean country Turkey has a
greater greenhouse potential compared to other
Mediterranean countries. As of 2017, Turkey has a
greenhouse area 66 362 ha and we are the third
country in the World [9].
Turkey has shown a rapid development in the
greenhouse and the greenhouse business, said that
the average size ranging from small family businesses in the form of intensified between 400-1500
m2 [10].
Providing the desired temperature in the
greenhouse is a requirement of modern farming.
Provided artificial conditions in greenhouses; heating, ventilation, irrigation and fertilization, medication and all this which carried out through the use
of technology. The cost of heat energy is the largest
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FIGURE 3
Examples from measurements made with thermal cameras: (a) Measurement in electric panel
(b) Surface temperature measurement

FIGURE 4
Measurement of greenhouse plant temperatures
the measurements should be taken as 0.95 since the
measurement surface is plant [15].
According to [16], Plant surface temperature
is affected agricultural applications as well as climate factors such as air temperature, VPD and solar
intensity. The temperature varies from sunrise to
sunset during the day (Figure 5). For this reason the
measurement time must be determined according to
purpose. Standard time for measuring plant surface
temperature is variable. While according to [17] the
crop coefficient is recommended from 10:45 am to
11:15 am by utilizing surface energy balance based
on the use of instantaneous evaporation from the
crop coefficient calculating said aspect of the subject daily evaporation, according to [18] and [19] is
recommended from 01:00 pm to 02:00 pm. When it
comes to in the greenhouse this measurement is the
2 hour time period immediately before sunrise,
which is the peak of heat loss. Accurate measurement at the point where the outside temperature
falls to the minimum level is performed.
In a study [20], they pointed to the color scale
on the thermal image and stated that the temperature differences of the subbase concrete drawn from
the outside of the greenhouse were understood.
When the temperature values on the image are
examined; it is seen that the highest temperatures
are at the junction of the cover material (average
10.1 ° C) (Figure 6) on the subbase concrete. In the

Thermal imaging in agriculture and various
potential agricultural applications; greenhouse
monitoring, irrigation program, plant disease detection, yield calculations, evaluation of fruit maturity
and determination of caries in fruits and vegetables
(Figure 4) [12].
In a study conducted by [7], most of the heat
loss in greenhouses, and margins lower doors, ventilation window openings at the edges of the covering material is also reported that the front wall and
the roof-side wall-roof junction, as a result of thermal imaging to determine heat losses due to structural problems in the greenhouse.
Obtaining Thermal Images. Greenhouse inside with thermal imaging, must be fixed in the
shade and 1 m high digital psychrometer in place
the relative humidity of the research area and the
wet thermometer, dew point and air temperature
values at the beginning and end of the measurement. For standardization all images should be
taken from a distance of 1 m above a starting ladder
of about 1 m height, the height will affect the canopy temperature that appears in the camera in terms
of micro meteorological conditions [14] (Figure 4).
In addition, relative humidity, air temperature and
emissivity values should also be carried out by
entering imaging camera. The value of emissivity in
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rectangular plate-shaped region examined on the
same line it is seen that the average temperature
dropped to 8.7° C (Figure 6). As [14] stated, they
detected that the subassay concrete, which is one of
the places where the heat losses are the most, is
outward from the junction of the side walls. In
addition, while the temperature inside the greenhouse was 16.7 ° C and the temperature outside the

Fresenius Environmental Bulletin

greenhouse was 7.3 ° C, a temperature of 8.7 ° C
was detected on the cover material surface separating the two media (Figure 6). This finding, more
than 70% of the energy consumed in greenhouses
during the winter, the greenhouse cover materials
that lost the expression has been reported in studies
that confirm (Figure 7).

FIGURE 5
Obtaining thermal images for determination of heat losses in greenhouse heating tubes

FIGURE 6
Thermal image of heat loss from greenhouse surface material [20]

FIGURE 7
Thermal images of the fans and side walls used in the underground [20]
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energy costs will be ensured. There is no loss of
production since the operation of the system is not
stopped during detection.
Within the scope of this review; it has been
shown that the distribution of heat loss in the
greenhouses and the distribution of heat on the
surfaces can be determined without contact, fast,
easy, risk-free and objectively with the help of
thermal imaging.

In the same way, as [7] mentions, it is understood that one of the heat loss points in the greenhouse is the greenhouse building elements and
unwanted openings caused by them.
As you can see, surface temperatures of all
environmental factors can be easily detected and
analyzed detailed, objective, fast and non-contact
with thermal cameras.
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GREEN COLOURED SHADE NETS EFFECTS ON SOIL
WATER CONTENT AND PLANT ROOT DISTRIBUTIONS ON
TOMATO CULTIVARS
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ABSTRACT

the most common cases. Moreover, nets for the
protection against virus-vector insects and birds, as
well as for harvesting and post-harvesting practices
are often used [2]. These nets are either applied by
themselves over net-house constructions, or
combined with greenhouse tecnologies [3]. Use of
photoselective (color) nets, which differentially
absorb various spectral regions (UV, visible, FR,
and beyond) and enrich the relative content of
scattered/diffused light, result in additional
photomorphogenetic/physiological effects. Moreover, all the nets, especially the light color ones,
significantly reduce water consumption, while
inducing stomata opening [3, 4]. These effects,
associated with the color and other properties of
net, are usually crop and response-specific, i. e., for
a given crop the use of photoselective nets is
dependent on the desired agricultural outcome [4].
A plastic net is a product made of plastic
threads connected together with each other, in a
woven or knitted way forming a regular porous
geometric structure and allowing fluids (gases and
liquids) to go through. The most widely used raw
material for agricultural nets is high density
polyethylene (HDPE). Polypropylene (PP) is also
used as a raw material for nets, mostly for the
production of non-woven layers [5]. Net types are
characterised by different structural features like
kind of threads, fabrics, shape and dimensions of
fibres and meshing, by physical properties like
weight, colours, shading factors, durability, porosity, air permeability and mechanical characteristics
[2]. The mesh density varies between 10 and 200
mesh cm-2 in relation to their use as anti-hail,
windbreak, anti-insect or shading net [5, 6]. The
shading factor, varying from 10% to 90%,
represents the capacity of the net to reduce the
incoming solar radiation [7, 8]. Nets can be
produced red, yellow, blue, grey, pearl, black, or
green color [9]. The most common net colors are:
black, green, or transparent. Transparent nets are
used for those applications in which the shading
effect of the net is considered as a negative
consequence of net performances [5]. Black and
green shading nets are used over or under the
greenhouse cladding material during the warmer
periods, mainly in Mediterranean countries, in order
to reduce the higher air temperatures inside

Netting is frequently used to protect
agricultural crops from excessive solar radiation,
environmental hazards, or pests (bird, or insectproof nets). It is either applied by itself over nethouse constructions, or combined with greenhouse
tecnologies. In Turkey, Black and green coloured
nets were commonly used for shading from Spring
to Autumn. The aim of the present study was to
study the influence of four shade factors (95%,
75%, 55% and 40%) of green shade netting on soil
water content and plant root distributions (mg dry
root per cm3 of soil) in two different tomato
cultivars: Industrial ankon and Beef tomato. In
irrigation, amount of irrigation water were
calculated by using the measurements taken from
Class-A Evaporation Pan located outside. The
plant-root zone soil water status was monitored
gravimetrically fifteen days interval.

KEYWORDS:
Shade net, solar radiation, tomato, soil water content, root
distribution

INTRODUCTION
Covering crops with screen materials is a
common practice used to attain a number of
agricultural objectives. During the last decades, due
to increased air temperature and intensity of solar
radiation caused by climate change, an increasing
area of crops is being grown under shading
materials of various types. However, shading of
crops results in number of changes on both local
microclimate and crop activity. Obviously the
existence of a screen above a crop modifies the
exchange of radiation, energy and mass between
crop and atmosphere. These changes on local
microclimate modify CO2 assimilation and consequently crop growth and development [1].
Plastic nets are widely used in various
agricultural applications: protection from hail,
wind, snow, or strong rainfall in fruit-farming and
ornamentals, shading nets for greenhouses, or nets
for moderately modifying the microenvironment are
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greenhouse. Shading nets are also used as covering
material of special structures, the so-called shade
houses, protecting plants from excessive solar
radiation and high temperatures [6].
Tomato is the most produced vegetable of the
world with 161 793 384 ton [10]. As in the world,
tomato production in Turkey is the biggest share
with 12 615 000 ton produced on 1 871 637 da.
About 64.8% of total tomato production was table
tomato, 35.2% was sauceboat tomato. These
production are produced both on open fields (about
9 215 900 ton) and under cover (about 3 399 100
ton) and has been widely produced by the growers
in Mediterranean, Aegean and Marmara regions
[11]. Antalya has the biggest production area
(16500 ha) and producing amount (2 134 000 ton)
in Turkey. As can be seen from the data, tomato is
an extremely important plant species.

and plant growth. In Turkey, black and green
coloured nets were commonly used for shading in
greenhouses and open field conditions. In this
research, the influence of four shade factors (95%,
75%, 55% and 40%) of green shade netting on soil
water content and plant root distributions was
investigated in two different tomato cultivar.

MATERIALS AND METHODS
This work was carried out under open field
(756 m2) conditions located at the research and
application farm of Faculty of Agriculture, Akdeniz
University in Antalya from April to September
2016. The research station was located at a latitude
of 36q 54cN, a longitude of 30q 38cE, and an altitude
of 54 m. The research area has a typical Mediterranean climate: hot and dry summers and mild and
rainy winters. The soils of research area are classified as Entisols formed on a massive travertine
having shallow soil depth in the profile and a clayloam in texture [13]. Some physical properties of
the soils are given in Table 1.
The green shade netting with shade factor of
40%, %55, %75 and %95 was used as shading
material in this study. Four different nets were
examined with three replications in the 504 m2 area.
Each plot has 126 m2 and rest of the area (252 m2)
was control plot. The shading nets were mounted on
a structure about 2.7 m height and and each
treatment covered an area of 14.0 m width and 9.0
m in length (Figure 1). The shading nets were
installed above the crop on 16 of June (53 days after
transplanting) and the measurements were carried
out untill 1 of September [1].

TABLE 1
Physical properties of the soil
Depth
(cm)

Texture
class

FCa
(%)

0-15
CL
24.33
15-25
C
20.00
25-35
C
24.66
a
FC: field capacity.
b
PWP: permanently wilting point.

PWPb
(%)
16.0
18.0
18.0

Bulk
density
(g / cm3)
1.45
1.29
1.33

Photo-selective shade nettings have become
available fairly recently. Shade nets are of special
importance in warm, sunny climates, where they
reduce both light intensity and effective heat during
daytime [12]. The solar radiation passing through
shade net influences microclimate environments
(such as air and plant leaf temperature, relative
humidity), water consumption, soil water content

FIGURE 1
The experimental design
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FIGURE 2
Changing of soils water content during the experiment
Tomato growing was realized for determining
the effects of shade nets on plant root distributions
in field conditions. Two different tomato cultivars,
industrial ankon and beef tomato have been used as
plant materials. The seedling planting date was 25
April 2016. The field (756 m2) was divided in two
parts: half of the area was planted by ankon tomato
and the other half planted by beef tomato. Tomato
crops were planted in single rows as 70 cm row
spacing and 50 cm plant spacing on rows. Tomato
plants were irrigated as a fixed interval, three times
a week until flowering and four times a week
between fruit formation and last harvest, by using
drip irrigation method. The discharge rates of
emitters were 6 L h-1 at an operating pressure of 1
atm. In irrigation, amount of irrigation water was
calculated by using the measurements of Class-A
Evaporation Pan located external environment.
Irrigation level was choosed as 100% of Class-A
Pan evaporation for all plots. Fertilizer was given
directly to the plant with irrigation water and the
amount of fertilizers used were 110 kg ha-1 N, 155
kg ha-1 P2O5, 370 kg ha-1 K2O, 90 kg ha-1 CaO, 50
kg ha-1 MgO and 3 kg ha-1 micro elements for
tomato cultivation.
Soil
water
status
was
monitored
gravimetrically from the depths of 0-15 cm, 15-25
cm and 25-35 cm at 15 days interval for
determination of shade nets effects on soil moisture.
Plant root density (mg dry root per cm3 of soil) with
depth in two different tomato cultivars were
recorded at harvest. The root densities were
assessed using undisturbed soil-core samples (6.0 cm diameter and 75 cm height), taken from 0-5, 510, 10-15 and 15-20 cm soil depths, right below the
plants [14]. These measurements was made in 3

randomly selected plants per treatment. Data were
statistically analysed by SPSS 17 statistical package
for variance analysis at a significance level of P d
0.05.

RESULTS AND DISCUSSION
Effects on soil water. As can be seen Figure
2, the soil water status were higher under shading
nets than the open field because of evapotranspiration reducing by shading nets. Changing of soil
water content for the 55%, 75% and 95% shade
density was similar whereas soil water content for
40% shade density was less than other shade nets.
Moreover, open field soil water content was the
lowest and showed a fluctuating change. This
fluctuating confirmed that the evaporation in the
open field conditions always hihger than in the
shaded treatments and shading consistently reduced
evaporation during the season. The soil water status
in shading nets was more stable than open field.
Increased shade density of the nets caused more
stable soil water conditions.
Nemera et al. [4] reported that use of
photoselective nets, which differentially absorb
various spectral regions and enrich the relative
content of scattered/diffused light, result in additional photomorphogenetic/physiological effects
and all the nets significantly reduce water
consumption, while inducing stomata opening.
Jifon and Syvertsen [15] reported that crops grown
in open fields of a semi-dry climate are subjected to
direct sunlight, high temperatures and wind resulting in high crop evapotranspiration (ET c) and therefore demanding large amounts of water. In con-
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strast, shade-houses favor plant growth since plants
are less stresfull: direct sunlight is avoided, temperature is lower, humidity is higher, wind is reduced,
and ETc is low. Irrigation water requirement of 23%
to 31% pan evaporation has been used for plants
grown under 70% light reduction. In addition, water
use efficiency increases under shady conditions.
Abdrabbo et al. [16] have studied the effect of
different irrigation treatments (four irrigation levels
namely 0.60, 0.80, 1.00 and 1.20 of ET o) and screen
nets (40% white net, 40% black shade net and open
field conditions) on plant growth and yield of
eggplant (Solanum melongena L) cv. Baladi. They
recommended that the highest water use efficiency
was ontained by 0.80 irrigation treatment in
comparison with the other irrigation treatment with
white net during the summer season. Möller and
Assouline [17] have studied the effects of a shading
screen (30% black shade net) on microclimate and
crop water requirements. They found that reference
evapotranspiration and hence crop water
requirements under the screen were 38% lower than
estimated for the open atmosphere because of
significantly reduced radiation and low wind

speeds. Centritto et al. [18] have studied early
growth and water use efficiency of cherry saplings
under reduced light intensity (20-30% white
fiberglass net and open field conditions). They
reported that the transpiration rate in the control
always hihger (P<0.05) than in the shaded
treatment and shading consistently reduced
transpiration over the season, therefore improving
water use efficiency of shaded leaves.
From Figure 3, it can be seen that the surface
layer of the first 5 cm depth had the highest root
density in two different tomato cultivars. Root
depths of industrial ankon tomato and beef tomato
variety reached 20 cm. Variety difference did not
effect on root density distribution. The root mass of
the industrial ankon tomota variety in 5 cm depth
vary between 3.36 mg cm-3 and 12.77 mg cm-3
whereas beef tomato vary between 3.39 mg cm-3
and 9.04 mg cm-3. The root density distribution,
sampled in 5 cm soil dept, was influenced
significantly (P < 0.05) by shading nets in both
cultivars and the highest root density was obtained
under 40% and 55% green shade nets for ankon and
beef tomato, respectively (Figure 3).

FIGURE 3
Root density distribution of tomato cultivars at harvest.
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China and mid-lower reaches of the Yellow River to
SE China area in the cold-dry environment during
glacial period in the late Pleistocene [3].
Atmospheric particulates are composed of
many types of mineral particles, such as clay, feldspar, carbonate, sulfate, oxide mineral, and another
six types of particles [4]. In addition, the properties
of aerosol materials from different mineral sources
are widely different [5]. In 1847, Ehrenberg reported
the material source relation between European continental red dust and Sahara desert dust according to
mineralogy research [6]. Davis et al. [7] employed
X-ray diffraction (XRD) and polarizing microscopy
and discovered various mineral types in TSP &
PM10 from five different cities, including Shanghai
and Beijing, in the fall and winter seasons, all of
which are affected by the mineral sources, particularly the crustal source. These discoveries effectively
tracked the aerosol mineral sources by contrasting
the aerosol minerals and material from their sources
and thereafter characterizing the transportation route
and general atmospheric circulation process [8].
Therefore, the mineral composition analysis is an
important provenance investigative method [9,10],
given that the dust source can be identified through
a comparison of the mineral composition and its variations. This method has diagnostic significance for
provenance identification [11, 12].
In this study, airborne dust generated from a
dust storm event in the Shanghai area and cities
along dust transportation pathways were used as the
main study objects. In addition, XRD and scanning
electronic microscopy and energy dispersive spectroscopy (SEM+EDS) tests were employed to characterize the mineralogy characteristics of dust samples to explore the provenance of the dust storm dust
in the Shanghai area. These provenance results of
modern dust may have instruction significance for
eolian deposit in Yangtze River delta.

In this study, airborne dusts generated during a
dust storm event in the Shanghai area and cities
along the dust transportation pathways were used as
the main objects of study. In addition, the methods
of X-ray diffraction (XRD) and scanning electronic
microscopy and energy dispersive spectroscopy
(SEM+EDS) analysis were used to characterize the
mineralogical characteristics of the dust samples to
explore the provenance of the dust-storm dust in
Shanghai. The results illustrate that more mineral
species were observed in the airborne dust from the
Shanghai area during the fall and winter seasons and
the spring dust-storm period compared to the summer season and the spring non-dust-storm period.
The mineral compositions of the storm dust in
Shanghai were similar to the dust from caities along
the dust transportation route and the loess, thereby
indicating a provenance relation between the dust
storm dust in Shanghai with the dust along the dust
transportation route and the loess. The airborne dust
mainly exhibited irregular-shaped particle polymers,
regular mineral particles, and artificial aerosols,
which indicate that the Shanghai area airborne dust
originated from a mixed source of crustal material
and artificial source pollution. These conclusions
may have important significance for the provenance
constraint of eolian deposit in Yangtze River delta.


*( #$
Dust-storm dust, Mineral composition, X-ray diffraction,
provenance, Shanghai


%# &% 
A dust storm is a commonly occurring and frequently disastrous weather-driven phenomenon [1].
Generally in Spring, eolian dust originates from
Mongolia or NW China in association with cold
fronts from the northwest that carry the dust to the
Yangtze River delta of SE China, thus enhancing the
PM concentration over Shanghai area [2]. This modern phenomenon is just like the process that the eolian dust was transported by strong wind from NW

%#$% $

$,6950 8550.<487The sampling points area
are located in the Putuo, Minhang, and Qingpu districts of Shanghai and the cities of Xi’an in the
Shanxi Province, Zhengzhou in the Henan Province,
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the Haidian District in Beijing, and Nantong in the
Jiangsu Province along the dust transportation pathways. Samples were collected to characterize the atmospheric particulates of dust storm and non-dust
storm dust. The detailed sampling locations are plotted in Figs. 1(a) and 1(b). The sampling equipment
was set up 2 m above the ground in the Shanghai

area. The sampler instrument was designed by the
authors and licensed with the invention patent by
SIPO, China (Patent number: 201010208349.6). The
sampling air flow velocities were set at 1000 L/h and
all the samples were collected continuously for 10
days. We collected 39 dust samples for 1 year from
October 2009 to September 2010.

&# 
4,2:,681;,69547258.,<487;
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The sampling points for the airborne dust from
the northern cities of Xi’an, Zhengzhou, Beijing, and
Nantong were roughly aligned along the dust
transport pathways. The sampling levels were placed
at elevations higher than 5 m above the ground, with
sampling frequencies similar to those in Shanghai.
Eight samples were collected from March 2010 to
May 2010, including the spring dust storm period.
The sampling collection method employed glass fiber filters with a diameter of 50 mm and an aperture
of 0.45 μm. Before sampling, we muffle heated the
filters to remove any organic matter, after which they
were placed in sealed, dry vessels for 48 h to establish constant weight. An analytical balance was used
to weigh the filters. After sampling, the constant
weight method was employed and the filters were
weighed once more to calculate the dust concentration (μg/m3) of all the sampling points.

The dust storm event erupted in Shanghai from
March 19, 2010 to March 21, 2010. The Barometric
gradient analysis (ground surface) of the Eurasian
(Fig. 2) illustrated a cold front from the high pressure
in northwest China during this period. Affected by
this event, the 10-day average concentrations of airborne dust at the Putuo, Minhang, and Qingpu sites
in Shanghai were 239.69 μg/m3, 188.73 μg /m3,
226.22 and μg/m3, which were 1.97-, 1.86-, 1.88fold of those of the local annual average concentrations, respectively. The concentrations of dust in the
northern cities along the dust transport pathways
were obviously enhanced as a result of the dust storm
events. Nantong, Zhengzhou, Beijing, and Xi’an exhibited dust concentrations of 266.39 μg/m3, 638.19
μg/m3, 536.95 μg/m3, and 467 μg/m3, respectively,
which were all two- to three-fold higher than the annual average dust concentrations in the Shanghai locations.

&# 
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0,;=:0607< ,7/ 7,5?;4; The bulk dust
mineral tests were measured using X-ray diffraction
(XRD) instruments (X’Pert PRO MPD, PANalytical,
the Netherlands). The filter film was directly placed
on the slide and the sample was maintained with its
side up on the flat surface. The following test conditions were employed: Cu-K α radiation; divergent
slit and receiving slit at 1/2°; powder sample test
voltage of 40 kV; working current of 40 mA; scanning speed of 0.1°/min; and a scanning range of 5°
to 65°. Following smoothing and peak searching, the
measured X-ray diffraction atlas were handled using
X’Pert Graphic & Identify software in combine with
Oringe75 software.
The bulk mineral quantitative analysis of the
presence airborne dust followed the petroleum and
gas professional standards, specifically SY-T 62101996. In the presence of A, B, and C equiphases in
the same sample, phase A was chosen as the inter
standard substance, of which the relative intensity ratio (RIR) of each phase was determined based on the
PDF card issued by the International Centre for Diffraction Data (ICDD). The sample was then mixed
with the mineral of corundum (Al2O3) at a mass proportion of 1:1, after which the integral intensity ratio

of the highest peak between the sample and corundum was calculated. This ratio had a value of K for
phase A based on the inter-standard substance of corundum. The calculations were determined based on
the following formula:

  =

  23
  23

= 1,   =

  23
  23

,   =

  23
  23

,......(1)

Based on the adiabatic method, if N phases
were present in one system, the mass fraction of
phase X was calculated based on the following formula:

 =





 ∑ 
=   



.

(2)

where Wx represents the mass fraction; Ii represents the highest peak intensity of any mass phase;
represents the N phases; K is the K value of
the mineral, wherein the K value of a general mineral
is presented in the PDF card according to the standards SY/T 6210-1996.
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Sample Number
sm23
N13
N40
N67
J20
J38
J59
J143
J170
J188
A10
A33
A44
sm19
N10
N37
N64
J17
J35
J53
J140
J167
J185
A4
A36
A41
sm25
N16
N43
N70
J23
J41
J56
J146
J173
J191
A7
A29
A47

Location
M
M
M
M
M
M
M
M
M
M
M
M
M
P
P
P
P
P
P
P
P
P
P
P
P
P
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

Sampling
time
10-09
11-09
12-09
01-10
02-10
03-10
04-10
05-10
06-10
07-10
08-10
09-10
10-10
10-09
11-09
12-09
01-10
02-10
03-10
04-10
05-10
06-10
07-10
08-10
09-10
10-10
10-09
11-09
12-09
01-10
02-10
03-10
04-10
05-10
06-10
07-10
08-10
09-10
10-10

Type of sample

Mineral types in airborne dust

NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
DS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
DS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
DS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust

QGCalDolHemAlbClcSKIHlSdBio
QGCalDolHemAlbSHlSd
QGCalDolHemAlbClcKIHlSdBioMs
QGCalDolHemAlbSIHlSdBio
QGCalDolHemClcKIHlSdBio
QGCalDolHemAlbClcSKISdBioMs
QGCalDolHemAlbClcSKIHlSdBioMs
QGCalDolHemSIHlBio
QGCalDolHemISdBio
QGCalDolHemClcISdBio
QGCalDolAlbKSd
QGCalDolHemAlbIHl
QGCalDolClcKHlSd
QGCalDolHemAlbClcSKIHlBio
QGDolHemAlbHlSdBio
QGCalDolHemAlbClcSKIHlSd
QGCalDolHemAlbISdBio
QGCalDolHemAlbSd
QGCalDolHemAlbClcSKIBioMs
QGCalDolHemAlbSIHlSdBioMs
QGCalHl
QGCalDolHemBio
QGCalDolHemAlbSdBio
QGCalDolClcK
QGCalDolAlbSd
QGCalDolKSdBio
QGCalDolHemClcSKISdBio
QGCalDolHemClcKBio
QGCalDolHemAlbClcSKIBioMs
QGCalDolHemAlbClcKHlSdBioMs
QGCalDolHemBio
QGCalDolHemAlbClcSKISdBioMs
QGCalDolHemClcIKSdBioMsHl
QGCalDolHemAlbClcHl
QGCalDolHemAlbSHl
QGCalDolHemClcSd
QGCalDolHemClcSKIHlBioMs
QGCalDolHem
GCalDol
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period and the non-dust storm event in Shanghai
were obtained following XRD analysis. The typical
sample patterns from the Qingpu and Minhang Districts in Shanghai and Zhengzhou are illustrated in
Fig. 3 and 4. The mineral types of the airborne dust
from Shanghai and cities along the dust transportation pathways were identified by the X-ray diffraction patterns obtained in this study, which followed
the identification principle and process of X-ray diffraction, in combination with the X-ray powder diffraction data index collected from The Identification
Manual of X-ray Powder. The following major types
of mineral were observed in the airborne dust: quartz
(Q), gypsum (G), calcite (Cal), dolomite (Dol), hematite (Hem), albite (Alb), clinochlore (Clc), smectite
(S), kaolinite (K), illite (I), halite (Hl), siderite (Sd),
biotite (Bio), muscovite (Ms), etc. The detailed data
are illustrated in Table 1 and 2.

The analysis of the micromorphology and element composition of the microprobes in airborne
dust was measured using SEM (Model JSM5610LV, JEOL Ltd, Japan) and energy-dispersive Xray spectroscopy (EDX) equipment from the Electron Microscopy Center of East China Normal University based on the X-ray energy spectrum quantitative analysis standards for electronic probes and
scanning electronic microscopy (GB/T 173591998).
#$&%$$&$$ $

470:,58698;4<48747<304:-8:70=;<
The results of the X-ray diffraction spectra patterns
of the airborne dust samples during the dust storm


% 
470:,5.8698;4<487;81<30,4:-8:70/=;<1:86<3078:<30:7.4<40;
Sample Number
J115
J105
J95
J85
J116
J107
J98
J87

Sampling location
XAN
BJ
ZZ
NT
XAN
BJ
ZZ
NT

Sample type
DS-Dust
DS-Dust
DS-Dust
DS-Dust
NDS-Dust
NDS-Dust
NDS-Dust
NDS-Dust

Mineral types
QGCalDolHemAlbClcSKIBioMs
QGCalDolHemAlbClcSKIBioMs
QGCalDolHemAlbClcSKISdBioMs
QGCalDolAlbClcSKISdBioMsHl
QGCalDolHemAlbClcSKISdBioMs
QGCalDolHemAlbClcSKISdBioMsSd
QGCalDolHemAlbClcSKISdBioMsSd
QGCalDolHemHl

&# 
)#9,<<0:7;81<30,4:-8:70/=;</=:472<30/=;<;<8:6,7/787/=;<;<8:60>07<;47$3,723,4
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Sample
Number
J115
J105
J95

D
S

J85
J41
J38
J35
Average
J116
J107
J98

N J87
D
S J59
J56
J53
Average

Q

Ms

G

Clc

Alb

S

Cal

Dol

Hem

Bio

Hl

I

K

Sd

0.09
2
0.15
1
0.11
9
0.14
4
0.15
0
0.13
5
0.17
6
0.13
8
0.12
8
0.12
2
0.04
5
0.06
5
0.07
3
0.09
5
0.06
4
0.08
5

0.26
6
0.17
5
0.16
7
0.15
9
0.15
6
0.18
2
0.15
5
0.18
0
0.15
1
0.05
4
0.15
4
0.16
0
0.10
5
0.20
3
0.18
0
0.14
4

0.05
8
0.02
7
0.05
2
0.10
2
0.05
0
0.03
2
0.05
3
0.05
3
0.07
5
0.09
1
0.09
0
0.15
4
0.15
4
0.12
8
0.12
8
0.11
7

0.08
8
0.05
9
0.12
0
0.08
8
0.09
1
0.07
6
0.03
9
0.08
0
0.06
5
0.04
8
0.08
3
0.06
3
0.04
8
0.03
0
0.05
1
0.05
5

0.05
9
0.10
1
0.06
1
0.07
8
0.07
7
0.07
9
0.04
2
0.07
1
0.07
4
0.06
6
0.06
1
0.03
7
0.02
0
0.00
0
0.03
5
0.04
2

0.12
8
0.16
3
0.11
1
0.11
7
0.15
1
0.15
0
0.17
3
0.14
2
0.12
1
0.07
7
0.12
3
0.06
5
0.06
4
0.00
0
0.09
0
0.07
7

0.06
7
0.02
9
0.05
2
0.03
4
0.02
8
0.02
9
0.10
3
0.04
9
0.07
3
0.07
5
0.05
9
0.04
7
0.07
6
0.06
5
0.06
8
0.06
6

0.02
3
0.03
2
0.03
1
0.02
5
0.03
1
0.03
4
0.02
9
0.02
9
0.04
8
0.06
2
0.05
6
0.03
2
0.05
3
0.04
5
0.03
1
0.04
7

0.02
7
0.01
4
0.01
5
0.01
8
0.02
0
0.01
9
0.02
4
0.02
0
0.02
2
0.04
3
0.02
5
0.02
4
0.03
0
0.02
9
0.02
5
0.02
8

0.03
7
0.04
9
0.04
8
0.04
4
0.04
4
0.05
1
0.04
3
0.04
5
0.04
2
0.01
5
0.04
7
0.04
5
0.02
6
0.05
9
0.02
8
0.03
7

0.00
0
0.01
1
0.00
4
0.00
7
0.00
5
0.00
4
0.00
7
0.00
5
0.00
0
0.00
0
0.00
0
0.00
8
0.00
7
0.00
0
0.00
7
0.00
3

0.11
7
0.15
7
0.15
4
0.14
1
0.13
9
0.16
2
0.13
8
0.14
4
0.11
9
0.23
6
0.13
5
0.13
2
0.16
1
0.16
1
0.13
7
0.15
4

0.03
8
0.03
2
0.05
6
0.04
2
0.04
3
0.03
6
0.01
8
0.03
8
0.08
2
0.09
9
0.09
8
0.16
8
0.16
8
0.14
0
0.13
9
0.12
8

0.00
0
0.00
0
0.01
1
0.00
0
0.01
6
0.01
0
0.00
0
0.00
5
0.00
0
0.01
2
0.02
3
0.00
0
0.01
7
0.04
6
0.01
7
0.01
6

The mineral compositions of the airborne dust
in the Putuo, Minhang, Qingpu Districts of Shanghai
are illustrated in Table 1, all of which exhibited obvious variations in the different seasons. About 12 to
13 types of mineral are identified in the samples during autumn, the winter, and the spring dust storm period, specifically Q, G, Cal, Dol, Hem, Alb, Clc, S,
K, I, Sd, Bio, and Ms. The summer season and the
non-dust storm period of spring exhibited 3 to 13
types of minerals, primarily Q, G, Cal, Dol, Hem,
Alb, I, and Hl. The dust storm dust exhibited a relatively higher mineral number than the non-dust
storm dust.
The seasonal variations of the mineral type of
the airborne dust in Shanghai was identical to the
variation of the particle concentration and element
concentration in the dust, which exhibited the highest variation in autumn and winter, second highest in
spring, and the lowest in the summer [13,14]. The
presence of salt minerals in the non-dust storm dust
indicated sea salt material mixing in the airborne
dust.

470:,5!0:.07<,208698;4<48781<304:
-8:70=;<The mineral percentage concentrations
of the samples were calculated by the K value and
the highest intensity of the measured material

phases, the detail data of which are illustrated in Table 3. The average mineral concentrations of the dust
storm dust exhibited the following order: Ms
(18.00%), I (14.46%), S (14.20%), Q (13.80%), Clc
(8.00%), Alb (7.10%), G (5.35%), Cal (4.90%), Bio
(4.54%), K (3.81%), Dol (2.93%), Hem (2.00%), Sd
(0.52%), and Hl (0.50%). The average mineral concentration of the non-dust storm dust exhibited the
following order: I (15.4%), Ms (14.4%), K
(12.78%), G (11.7%), Q (8.45%), S (7.71%), Cal
(6.61%), Clc (5.54%), Dol (4.69%), Alb (4.2%), Bio
(3.72%), Hem (2.8%), Sd (1.64%), and Hl (0.3%).
The average mineral concentrations of Q, Ms, Bio,
S, and Clc in the dust storm dust were all higher than
the average concentrations in the non-dust storm
dust. The average mineral concentrations of G, Cal,
Dol, K, Sd, and I in the dust storm dust were all lower
than the average concentrations in the non-dust
storm dust (Fig. 5).
The mineral particle investigation of the atmospheric PM10 in Lanzhou, China during the dust storm
and non-dust storm periods of 2006 illustrated that
the number percentage order of single mineral is Cal,
Q, I, Clc, mixed material of I&S, anorthite (An), Alb,
orthoclase (Or), K, G, etc. during the non-dust storm
period. The number percentage of S, Clc, Alb, and Q
increased, and the percentage of Cal and G decreased
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during the dust storm event. The mineral percentage
of clay, feldspar, and oxide mineral (mainly Q) during the dust storm event was higher than the percentages prior to the dust storm event, while the percentage of carbonate, sulfate, and other mineral types
were crosscurrent [15]. This result is similar to the
results observed in this study. A certain calcic mineral, specifically Cal, was enriched in the loess in
North China, whereas Cal and G was easily disintegrated and lost during long-term transportation,
thereby exhibited obvious decrease in concentration
[16]. The relatively higher concentration of G during
the non-dust storm period was a result of the sulfate
offspring reaction between the gaseous pollutant of
SO2 dissolved in the atmosphere and the Cal mineral
[17, 18].

the dust storm dust exhibited a higher mineral percentage of Q, feldspar, and mica, as presented in
Figs. 5 and 6, which illustrates the provenance similarities between the dust storm dust and the loess
dust.

&#
"-5;.,<<0:/4,2:,681<30,4:-8:70/=;</=:
472<30/=;<;<8:6,7/787/=;<;<8:690:48/;



A cluster analysis was performed using the
shortest distance clustering method [21] based on the
data in Table 3. The analysis results are illustrated in
Fig. 7. Most of the samples were clustered into two
categories, of which the dust storm dust samples
were all in one category, which indicates that the
Shanghai dust storm dust exhibited mineral composition provenance relations with the cities along the
dust transportation path. The J116 non-dust storm
dust sample was clustered in the same category with
the dust storm dust samples, which may be a result
of its sampling right after the J115 dust storm sample. Some of the dust storm dust from the previous
sample may have been mixed in this sample. The
other non-dust storm dust samples were clustered
into another category, which illustrates the effect of
the local pollution. In addition, the J107 sample was
individually clustered in one category and was likely
affected by the special local pollution event.

&# 
470:,5,>0:,2090:.07<,20.8698;4<487;81<30
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Among these mineral types, Q and feldspar
were the basic mineral compositions of the surface
rock and soil, though the clay minerals were also
widely distributed in the surface rock and soil. The
mineral Q and feldspar in the dust storm dust from
the Shanghai area were not only from the local surface material but also from the material source of the
dust storm dust, which in turn resulted in an obvious
increase in the percentage of Q and feldspar in the
dust storm event dust.
The data points of Q and Abl were clearly plotted in two areas, and the mineral concentrations during the dust storm event were relatively higher than
the ones during the non-dust storm period, as presented in Fig. 6, thereby indicating the different
provenances of the dust storm and non-dust storm
airborne dust. In addition, mineral anothose exhibited a relatively weaker resistance to the weather
[19]. As a result, Abl exhibited a higher concentration in the dust storm dust from the Shanghai area
and weak weathering in the dust during the dust
storm event. This feature illustrates the provenance
contribution of the distant materials during the dust
storm event. The loess exhibited a higher mineral
percentage of Q, feldspar, and mica, of which these
mineral concentrations exhibited a sum of about
80% [20]. As compared to the non-dust storm dust,

&#
5=;<0:,7,5?;4;81<306470:,5.8698;4<487;

4.:8<8982:,93? ,7/ ,<0:4,5 8698;4
<487 7,5?;4; 81 <30 4:-8:70 =;< The
SEM+EDS analysis was deemed as the useful
method for the examination of the microtopography
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and material element compositions of a single particle. This method has been successfully used to investigate the material compositions of particulate in
Shengyang, Guangzhou, and Qingdao [22, 23]. The
microtopography characteristics of the airborne dust
in the Shanghai area are presented in Fig.8a~Fig.8d.
The present study employed the airborne dust recognition method established by Liu et al. [24] for the

SEM results. Most of the particulates in the sample
were irregularly shaped particle polymers. A certain
amount of regular mineral particles and artificial
source aerosol were also observed. The irregular particles are mainly mineral polymers, and the regular
artificial aerosol particles were globular coal-fired
particles and floccules composed of small axiolitic
automobile exhaust emissions [25].

&#
$94.<=:0;81<30,4:-8:70/=;<47<30$3,723,4,:0,
Note: Figure 8a is globular coal-fired particles, Figure 8b is floccules composed of small axiolitic automobile exhaust emissions, Figure 8c is mineral polymers, Figure 8d is sheet clay
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The EDS analysis data of the airborne dust in
the Shanghai area are illustrated in Fig. 9. The concentration of the elements contained in dust storm
samples, specifically for J35, J38, and J41, exhibited
the following order: O, C, Si, Al, K, Ca, Fe, Mg, S,
Na, Cl, thereby indicating that the minerals in the
dust storm samples were mainly composed of silicate minerals, specifically clay, feldspar, and mica,
and a minimal amount of gypsum, salt, and ironbearing minerals. Likewise, the element O, C, Si, Al,
Mg, Ni, Na, Cl, Ca, S, Fe, and K were also observed
in the non-dust storm samples, thereby indicating
that the minerals of the non-dust storm dust were
mainly composed of clay, feldspar, mica, salt, gypsum, and calcite. In comparison, a relatively higher
concentration of salt, gypsum, and calcite was observed in the Shanghai area non-dust storm dust,
which is similar to the results measured by XRD (Table 1).
According to Fig. 10, the J85, J95, J105, and
J115 samples from Nantong, Zhengzhou, Beijing,
and Xi’an along the dust transportation path exhibited similar elemental compositions. The concentrations of the elements exhibited the following order:
O, C, Si, Al, Mg, Fe, Ca, K, S, Na, and Cl, which
illustrates that these samples may have been mainly
composed of clay, feldspar, mica, and iron-bearing
minerals with the minimal presence of salt and gypsum. Therefore, the mineral compositions of the
Shanghai area airborne dusts during the dust storm
event were similar to the dust storm samples collected in Nantong, Zhengzhou, Beijing, and Xi’an
along the dust transportation path.

(Cal), hematite (Hem), sodium feldspar (propagated), oblique chlorite (Clc), montmorillonite (S),
kaolinite (K).
(2) More mineral species were observed in the
airborne dust in the Shanghai area during the fall and
winter seasons and the spring dust-storm period
compared to the summer season and the non-duststorm period of spring. The mineral compositions of
the dust storm dust in Shanghai were similar to the
dust from cities along the dust transportation route
and the loess, thereby indicating that the Shanghai
dust storm dust originated from the same source as
the dust along the dust transportation route and the
loess. These conclusions may have important significance for the provenance constraint of eolian deposit in Yangtze River delta.
(3) The airborne dusts were exhibited mainly
irregular-shape particle polymers, regular mineral
particles, and artificial aerosols, thereby illustrating
that the Shanghai area airborne dust originated from
a mixed source of crustal material and artificial
source pollution.
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For a thorough analysis of the response of soil
water content to precipitation, rainfall infiltration
characteristics and the replenishment of precipitation
to soil moisture in fixed sand dunes of Artemisia Ordosica community in Mu Us sandy land, we used
AR-5 soil moisture automatic monitoring system for
a long-term and continuous monitoring of soil moisture measuring, and a new rainfall sensor monitoring
system named AV-3665R was also used in this study.
The results showed :(1) In the study area, the accumulative rainfall, which was 332.75mm in the growing season, had a significant on the soil water content
at 0-120cm soil layer. The precipitation before August only affected the soil water content above 80cm
soil layer; from August to October, the precipitation
of had a significant effect on the soil water content
at 0-120cm soil layer. (2) When the initial soil water
content was low, the infiltration depth of the rainfall
occurred on May 19th was between 80-100cm, and
the soil water content at 0-40cm soil layer could
reach the peak value. When the initial water content
of soil was high, the infiltration depth of the rainfall
occurred on August 20th was between 120-160cm,
and the soil water content at 0-80cm soil layer could
reach the peak valve. Both of the precipitation had a
significant effect on soil water content. (3) The soil
storage volume at 0-200cm soil layer increased by
16.3mm in the growing season, accounting for 6.1%
of the rainfall in the same period. The results showed
that the precipitation in the study area had a certain
amount of recharge to soil moisture at different soil
layers.

formation and succession processes of desert ecosystems are closely related to water, and water is one of
the most active components in the system. Precipitation, artificial irrigation and condensed water should
be converted into soil water through infiltration before they can be absorbed and utilized by plants [6].
Soil water refers to the water in the soil layer above
the water table, and it is an important component of
the water resources in the desert ecosystem. It is a
bridge linking the precipitation, surface water, atmospheric water and groundwater [7-10]. In arid and
semi-arid areas, soil water content seriously restricts
the growth and development of plants, and land degradation is directly related to the decline of soil water
content.
Due to the destruction of vegetation, the ecological environment has deteriorated drastically, the
forest area has continued to decrease, the quality of
grassland has been declining, and the destruction of
ecological environment has triggered a series of natural disasters. The degradation of the ecological environment not only caused huge direct economic
losses, but also severely restricted the development
of social economy. Vegetation restoration and reconstruction is the main body of China’s ecological environment construction, and it is the core issue that
runs through all ecological environment content. In
order to improve the ecological environment and
create favorable conditions for the sustainable development of China’s social economy, China has
launched the “Tianbao Project” and the “Returning
Farmland to Forests (Grass) Project”, and vegetation
restoration and reconstruction have begun on a larger
scale. With the expansion of vegetation restoration
and reconstruction scope, what kind of impact on the
environment, the extent of its impact, and whether it
will curb the persistence of vegetation have attracted
people’s attention.
Therefore, the study on soil moisture is of great
significance to the local vegetation restoration and
reconstruction.
Mu Us sandy land is located in the transition
zone between cropping area and nomadic area, and
it is an important ecological barrier in the north of
China. Artemisia Ordosica is one of the most

)'!#$
Precipitation, soil moisture, infiltration, Mu Us Sandy
Land
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In Northwest China, low precipitation, low soil
water content with strong evapotranspiration formed
a variety of arid and semi-arid landform landscapes,
which constitutes a desert ecosystem [1-5]. The
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Characters in land surface
and vegetation
The sandy land is covered by sporadic Agriophyllum squarrosum, Psammochloa villosa, Artemisia sphaerocephala
krasch and Artemisia Ordosica. The soil is loose with no crust
and easy to be eroded.
The sandy land is covered by Artemisia Ordosica, Artemisia
sphaerocephala krasch and Leymus secalinus. The coverage
of crust is about 10%-30%.
The sandy land is covered by Artemisia Ordosica, Suaeda
glauca, Setaria viridis and Bassia dasyphylla. The coverage
of crust is about 60%-80% with the thickness is 0.5~1.5 cm.



Vegetation
coverage (%)
5-20

20-30

30-50

("# %

important constructive species and dominant species
in this area, occupying 29.9% proportion of the
sandy land, which is the largest community in Mu
Us sandy land.
Artemisia Ordosica has drought tolerant, sand
buried, wind erosion resistance and other advantages, which plays a key role in the desert ecosystem. Some scholars have conducted studies about
soil moisture and the relationship between soil moisture and the succession of Artemisia Ordosica community in Mu Us sandy land, and obtained certain
research progress [11-14]. Previous research showed
that the succession of the Artemisia Ordosica community in Mu Us sandy land experienced the following stages: pioneer stage in shifting sand dunes -sparse stage in semi-fixed sand dunes -- build phase
in fixed sand dunes -- degradation stage in old fixed
sand dunes -- shifting sand dunes [15, 16]. Previous
studies considered that soil moisture was an important factor which driving the cycle succession of
Artemisia Ordosica community. However, at present, most of the researches on soil moisture in Mu
Us sandy land were timing, fixed-point sampling, the
data was little and lack of continuity, which couldn’t
reflect the dynamic of soil moisture. In this experiment we observed the soil moisture of Artemisia Ordosica community of pioneer stage in shifting sand
dunes, sparse stage in semi-fixed sand dunes and
build stage in fixed sand dunes with a long-term continuous monitoring, analyzed the characteristics of
soil moisture of different succession stages of Artemisia Ordosica community, supplied conditions of
precipitation to soil moisture and the redistribution
of biological soil crust (BSC) to precipitation; At the
same time combined the physiological and ecological characteristics of Artemisia Ordosica, in order to
better understand the role of soil moisture in the succession process of Artemisia Ordosica community in
Mu Us sandy land, which could provide a scientific
and reasonable way for local government to rebuild
vegetation in Mu Us sandy land.

The experiment site is located in the Mu Us
Sandy Land and administratively governed by Uxin
Banner (County), Inner Mongolian Autonomous Region. The Mu Us Sandy Land (37°26.5′-39°21.5′,
107°20.4′-111°30.3′) is located at an altitude of 1200
to 1600 m, with a gently undulated topography and
a total area of about 40,000 km2. The climate is continental semi-arid, with moderate temperature and
low rainfall. The long-term average annual precipitation at the experiment site is 341mm per year,
about 70% of which occurs between July to September. The mean annual temperature is 8.4°C, with a
maximum monthly mean temperature of 22°C occurring in July and a minimum of −11°C in January.
The Mu Us Sandy Land consists of fixed, semifixed,
and shifting sand dunes. The soils covering these
sand dunes consist of >90% sand and are thus categorized as sandy soils according to the China Soil
Taxonomy System. Natural vegetation at the site is
sandy grassland dominated by Artemisia Ordosica
Krasch. In general, the fixed, semi-fixed, and shifting sand dunes are covered by 30% to 50%, 10% to
30%, and <10% vegetation, respectively. Fixed and
shifting sand dunes are the two major vegetation
landscapes in Mu Us Sandy Land. Fixed sand dunes
indicate a slightly degraded ecosystem, and shifting
sand dunes suggest a seriously degraded ecosystem.
Table 1 shows the vegetation characteristics of different fixed types of sandy land in the study area.
We used AR-5 soil moisture automatic monitoring system for a Long-term and continuous measurement of soil moisture in the site between sand
dunes with a slope less than 5o. The system consisted
5 EC-5 detectors and an AR-5 data collector. EC-5
is a soil moisture detector developed by American
Decagon Company, which based on the relationship
between soil water content and soil dielectric constant. The EC-5 sensor was introduced in 2006 and
it was a useful tool to monitor water movement in
soil and estimate the water content of sandy soil. The
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such as the location-specific texture, structure, and
bulk density of the target soils. Therefore, Wu Bo et
al. [20] considering soil temperature, soil texture,
soil bulk density and other factors calibrated the EC5 sensor in 2014, the calibrating equation is as follows:
C=0.1506-0.001506MV+3.218 (MV) 2
where C represents the soil water content
(m3·m−3), MV represents the output of the EC-5 sensor readings (m3·m−3). The data of soil water content
used in this study were all derived from the field-calibration equation. AR-5 data collector is to provide
data storage and power supply for EC-5 sensor. The
installation depth of each EC-5 were 10 cm, 20 cm,
40 cm, 60 cm,80 cm,100 cm,120 cm, 160 cm and
200 cm, a total of nine layers. The groundwater level
in the study area was generally below 5 meters, so
the soil water content of 0-200 cm was not affected
by groundwater.
We began to install the instruments in October
2015, and set the pluviometer to monitor the precipitation. In this study, 3 repeated trials were conducted in three different places. From October 2015
to February 2016, it was at the soil disturbance restoration period, the data recorded after March 2016
were used as effective data to analyze the soil moisture dynamics during the growing season. The data
were processed by SPSS16.0 and Excel 2013, and
the mean value was expressed in the form of Mean +
SE. The significant difference test (a=0.05) was performed by one-way ANOVA (LSD).

EC-5 sensor was designed to minimize sensitivity to
fertilizer-induced salinity, soil temperature variations, and electrical interference in the field. However, EC-5 sensor readings were influenced by temperature changes depending on the dielectric permittivity of the media; thus, such readings should be
corrected based on continuous measurements of soil
temperature and soil water content. Kizito et al. [17]
evaluated the effects of temperature on the measurement of soil water content by using an EC-TE sensor
(which comprises an identical water content measurement circuitry to that of the EC-5) based on a laboratory experiment. The EC-TE sensor exhibited
temperature sensitivity of the soil water content of
approximately 0.02 m3·m−3 at a change in temperature of 10°C in porous media. Parsons and Bandaranayake [18] evaluated the performance of the EC-5
sensor with sandy soils in Florida and concluded that
this sensor is stable and effective in the field based
on the results of a one year experiment. The EC-5
sensor was not sensitive to temperature fluctuations;
probe output increases by approximately 1% or approximately 0.0071 m3·m−3 according to the factory
calibration equation when the temperature gradually
changes from 3 to 38°C. Rosenbaum et al. [19] found
that the EC-5 and EC-TE sensors underestimated
permittivity at low temperatures (5–25°C) and overestimated this parameter at high temperatures (25–
40°C); temperature dependence increased as the water volume fraction of the medium increased.
Because most capacitance sensors are sensitive
to the variability of soil characteristics, such as bulk
density, texture, temperature, and salinity, field-specific calibration provides more accurate measurements than factory calibration. Numerous efforts
have been made to calibrate the capacitance of soil
moisture sensors, and most of these efforts were
based on laboratory experiments using dielectric liquids or repacked soils. Although laboratory calibration is feasible and informative, field calibration has
the advantage of incorporating measurement conditions that are difficult to be created in a laboratory,
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%2/ ;+370+55 37 =2/ <=>.B +;/+ In the study
area, a total of 41 rainfall events occurred in 2016,
with a total precipitation of 342.25 mm. Among
them, 35 times of rainfall occurred in the growing
season, and the precipitation was 332.75 mm, accounting for 97.2% of the annual precipitation. Most
of the rainfall events were small and moderate,
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precipitation less than 10mm occurred 28 times, accounting 67% of the total number of times; precipitation more than 10mm occurred 11 times, the total
precipitation was 266.35 mm, accounting for 80.1%
of the precipitation in the growing season; 6 times of
rainfall was over 20 mm, and the precipitation was
173.15 mm, accounting 52.2% of the precipitation in
the growing season. From July to September, the
precipitation was the most concentrated, accounted
for 79.6% of the growing season. In the 41 rainfall
events, the distribution of rainfall intensity is shown
in Figure 3.
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soil water content was significantly related to the
precipitation. The change of soil water content was
divided into three periods every year. From November to February, due to the scarcity of precipitation,
the soil had not yet thawed, plants in the non-growing season, so the soil water content increased steadily, maintaining between 4%-7%. From March to
June, after soil thawing, with the increase of temperature, growing season gradually arrived, plant physiological activity and transpiration increased dramatically. However, at this time, the amount of the precipitation cannot meet the need of plants. Therefore,
during this period, soil water content first rise, and
then slowly decline, the minimum value was 3%5%. From July to October, the soil water content increased significantly as a result of the rainy season.
After a short period of precipitation, the maximum
soil water content of the shallow soil reached 17%,
then decreased to 8% within 72 h, and remained between 7%-8% before the next rainfall (Fig. 4).

%2/ </+<87+5 .B7+63- 80 <835 @+=/;-87=/7=
+7.=2/;/<987</=89;/-393=+=387In the study area,
the rainfall was the only source of the soil moisture,
rainfall had a significant effect on soil moisture, and
this effect had a negative correlation with the soil
depth.
On the whole, the seasonal variation of soil water content in the study area was basically synchronous with precipitation, and the variation trend of
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May to early August
Late August to October
y=-0.1258x+10.9866, R² = 0.8124
y=-0.0758x+10.9866, R² = 0.8124
y=-0.0971x+12.3482, R² = 0.8401
y=-0.0427x+8.5971, R² = 0.8841
y=-0.0671x+10.3675, R² = 0.8862
y=-0.0347x+7.2896, R² = 0.8601
y=-0.0571x+11.8614, R² = 0.9037
y=-0.0471x+7.3186, R² = 0.9004
y = -0.045x + 5.3746, R² = 0.9291
Not in linear relationship
y = -0.012x + 7.9233, R² = 0.9173
Not in linear relationship
The soil water content was stable
y=-0.0671x+12.9713, R² = 0.9047
% 
%2//A=;/6>6?+5>/80<835@+=/;-87=/7=
Early May (max) Early August (min)
Late August (max)
7.39%
3.21%
18.11%
6.35%
2.85%
16.12%
6.85%
3.56%
14.48%
6.12%
3.15%
11.65%
5.78%
3.12%
13.95%
8.15%
2.87%
15.17%
7.62%
7.52%
13.87%

As can be seen in Fig. 4, the soil water content
of in all soil layers above 120cm increased in the
early March. At this time, it was in the period of soil
thawing. Because of the gradual increase of soil temperature, the ice layer began to melt and formed a
large amount of recharge to the soil moisture, which
makes the soil water content increase significantly.
After a large-scale rainfall event in May, the soil water content in each layer reached a peak value. The
maximum value in Table 3 is this peak value.
When the Artemisia Ordosica entered the
growing season (May to July), a period of low soil
water content (less than 3%) was found in the fixed
sandy land and semi-fixed sandy land, and the length
of this period was positively correlated with the vegetation coverage. In semi-fixed sandy land, this time
generally lasted for nearly 60 days and in fixed sand
for 80 days. If the rainfall was sufficient during this
time, the length of this period will be shortened correspondingly. Otherwise, this period would continue
until the arrival of large-scale precipitation in August. In general, this period is an important difference between fixed sandy land, semi-fixed sandy
land and shifting sandy land. From May to early August, the precipitation was scarce, and the soil water
content of the three samples was in a falling interval.
Therefore, the annual minimum value of the Table 3
appeared in the early August. As can be seen from
Figure 4, a significant difference between the shifting sandy land, the fixed sandy land and the semifixed sandy land was in the response of the soil moisture in the three samples to a large-scale precipitation
on May 19th. The precipitation duration and the rainfall were both second in the year, only smaller than
that started on August 20th. The infiltration depth of
the precipitation in the fixed sandy land was 80cm,
in the semi-fixed sandy land was 100cm, and in the

Late October (min)
6.11%
7.56%
5.23%
5.97%
4.02%
9.87%
6.48%

shifting sandy land was 120cm, which showed that
the vegetation coverage had a significant influence
on the depth of precipitation infiltration.
As can be seen in Fig. 4, the soil water content
of in all soil layers above 120cm increased in the
early March. At this time, it was in the period of soil
thawing. Because of the gradual increase of soil temperature, the ice layer began to melt and formed a
large amount of recharge to the soil moisture, which
makes the soil water content increase significantly.
A total of 9 rainfall events occurred in May to July,
with a total precipitation of 119.85 mm. The largest
precipitation occurred on May 19th, and the cumulative precipitation was 52.35mm. The infiltration
depth of that rainfall was 80 cm, the fluctuation amplitude of soil water content at 10 cm, 20 cm and 40
cm soil layer was 2.48%-7.39%, 2.37%-6.43% and
2.52%-6.85%. During this period, the soil water content at 100cm soil layer still showed a downward
trend, and at 120 cm and deeper soil layers remained
stable. The maximum value in Table 3 occurred after
this rainfall.
After entering into the growing season, a period
of low soil water content (less than 3%) was found
in the fixed sandy land of Artemisia Ordosica samples, and the length of this period was positively correlated with vegetation coverage. If the precipitation
was enough in May to July, the length of this period
would be shortened correspondingly. Otherwise, this
period would continue until the arrival of large-scale
precipitation in August. This period of was an important difference between fixed sand and shifting
sandy land. From May to early August, the precipitation was scarce, and soil water content was in a
downward trend. The minimum annual value in Table 3 appeared in early August.
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is that the former temperature was higher than the
latter. Therefore, this phenomenon was also manifested in the slope of the equation, that is, the slope
of the former was greater than that of the latter. In
addition, with the increase of soil depth, the fluctuation range of soil water content was also decreasing,
and the surface soil has been in a dry and wet alternate state, and the fluctuation range was much larger
than that of the deep soil. Therefore, the goodness of
fit of regression equation for surface soil water content was less than that of deep soil layers, while the
slope had the opposite trend.

There were 17 rainfall events in the experiment
site in August to October, and the precipitation was
230.5 mm. During this period, the soil water content
at different soil layers have fluctuated many times,
especially 10 cm soil layer. At 20 cm, 40 cm, 60 cm,
80-120 cm soil layers, the soil water content have
fluctuated 6, 6, 4, 2 times. The precipitation on August 20th and September 17th had a significant effect
on the soil water content at 0-120 cm. The soil water
content at 0-80 cm soil layer was synchronized with
the precipitation, while at 100 cm and deeper soil
layers changes had hysteresis effect, the lag time was
generally 24-48 hours, and the fluctuation was the
result of the cumulative effect of the precipitation
and the previous accumulation. The fluctuation of
soil water content below 80 cm had a great correlation with the precipitation on August 20th (62.75
mm) and September 17th (41.25 mm). The above
analysis showed that, it was easier for water to infiltrate into deeper soil layers when the rainfall was under high intensity and density. The soil water content
at 100 cm and deeper soil layers did not response to
the precipitation less than 10 mm, and the water content in deep soil layers was still in a downward trend
in this period.
In August and September, the precipitation was
the most abundant period. Since October, the precipitation decreased gradually. The soil water content in
different soil layers began to decline gradually, and
most of the trend was linear. From late October, as
the temperature gradually decreased, the surface soil
began to freeze, and the soil water content of each
soil layer tended to be stable. Since November, the
surface soil has been gradually frozen. In this study,
the soil water content in November 1st was used as
a benchmark to calculate the changes of soil water
storage during the growing season. The results
showed that soil water content in all soil layers except 60 cm was higher than that in March 1st. By
calculation, the soil storage capacity in November
1st was 16.3 mm higher than that in March 1st, indicating that the change of soil water storage in the
growing season accounted for 6.1% of the rainfall.
Table 2 summarizes the regression equation of
soil water content in the three samples, and Table 3
is the extreme value of soil water content in the
growing season of 10-120 cm soil layer in 2016. As
can be seen from Table 2 and Table 3, after a heavy
rainfall in May, the soil water content reached a maximum value, and then experienced a linear decline to
the lowest value at the beginning of August. After
the rainy season of August, the soil water content
reached the maximum value in this year, and then
basically decreased to the minimum value at the end
of October. In the two periods from early May to
early August and late August to late October, the soil
water content was in a downward trend, and the reasons for the two descents were also similar, it was all
due to the fact that precipitation was significantly
smaller than evapotranspiration. But the difference

%2/;/5+=387<239,/=@//7=2/373=3+5<835@+
=/; -87=/7= +7. 37035=;+=387 During the growing
season of Artemisia Ordosica, the minimum soil water content at 10-200cm soil layers occurred on 5
July or 15 August (Table 2), and since May, the soil
water content has been in a relatively low state. The
rainfall began on May 19th (lasted 56h) significantly
affected the soil water content at 0-80 cm soil layer.
On May 20th and 21st, the soil water content had a
peak value at 10-40 cm soil layer. The soil water content below 80 cm soil layer had not been significantly changed. After a long time without any precipitation, this rainfall lasted much longer than before, and the average rainfall intensity was greater
than 0.8 mm/h, so this rainfall could be considered
as a typical representative, analyzing the relationship
between precipitation, peak valve and wetting front
when the soil water content before rainfall was in a
relatively low state, and further researching on the
response process of soil moisture to precipitation.
The maximum soil water content in each soil
layer appeared on August 22, and the soil water content has been in a relatively high state throughout this
period. The infiltration depth of the rainfall began on
August 20th (lasted 81h) was 120 cm, and this rainfall had a significant effect on the soil water content
at 0-120cm soil layer. The soil layer deeper than
120cm was not affected by this rainfall. Because of
the frequent rainfall since August, the soil water content was in a relatively high level, and the average
rainfall intensity (greater than 1.4 mm/h) was the
largest in the growing season. Therefore, this rainfall
could be considered as a typical representative, analyzing the relationship about precipitation, peak
valve and wetting front when the soil water content
before rainfall was in a relatively high state, and further researching on the response process of soil
moisture to precipitation.
Fig. 5 and Fig. 6 shows the relationship between soil wetting front, peak value and precipitation
when the initial soil water content was in a relatively
low state. The rainfall started at 10:00 (recorded 0 h)
on May 19th and it lasted 56 h, with the cumulative
precipitation of 52.35 mm, among which the precipitation of 0-47 h was 43.14 mm, 49-58 h was 9.21
mm, and the average soil water content at 0-200 cm
soil layer was 3.46%. The analysis of this rainfall
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showed the wetting front infiltrated to 10 cm, 20 cm,
40 cm, 60 cm, and 80 cm soil layer needed 6 h, 10 h,
27 h, 48 h, and 69 h, the corresponding rainfall was
9.85 mm, 14.97 mm and 31.24 mm, 43.14 mm and
52.35 mm, respectively. The soil water content at
100-200 cm soil layer has not been affected by this
rainfall. The result indicated that the infiltration
depth of 52.35 mm was between 80 cm and 100 cm
when the initial soil water content of soil was low.
However, previous studies in Mu Us sandy land
showed that rainfall less than 12.9 mm was absorbed
by surface soil or evapotranspiration loss, and the infiltration depth of precipitation was not more than 60
cm [21]. In addition, according to the monitoring
data of this study, the rainfall less than 12.9 mm occurred five times before 2 July, which only made the
soil water content at 10-40 cm soil layer significantly
change. Therefore, the precipitation of 9.21 mm occurred in 49-58 h can be considered as no significant
effect in soil layer below 60cm. The wetting front of





  !



the precipitation occurred during 0-47 h (43.14 mm)
was 80 cm.
In general, when the soil water content is in saturated conditions, the infiltration is called saturation
infiltration [22]. However, due to the influence of
rainfall intensity and evapotrans-piration, large precipitation may not cause saturation infiltration.
When the difference between rainfall intensity and
evapotranspiration intensity is less than the saturation infiltration rate, the infiltration is still under unsaturated condition. The monitoring of soil water
content showed that the maximum value at most
lasted for three hours, meaning that soil water content reached the saturation condition only in a short
period of time. During most of the rest of the time, it
was still in a state of unsaturated infiltration. Therefore, the peak value in this paper was the maximum
value of soil water content after a single precipitation.

&#
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cm soil layers needed 4 h, 5 h, 17 h, 35 h, 40 h, 51 h
and 63 h, with the corresponding rainfall was 6.14
mm, 8.75 mm and 24.18 mm, 32.31 mm, 42.75 mm,
44.75 mm and 51.72 mm, respectively. The soil water content at 160-200 cm soil layer has not been affected by this rainfall. The result indicated that the
infiltration depth of 62.75 mm was between 120 cm
and 160 cm when the initial soil water content of soil
was high. However, previous studies in Mu Us sandy
land and the analysis of the 52.35 mm precipitation
showed that rainfall less than 12.9 mm was absorbed
by surface soil or evapotranspiration loss, and the infiltration depth of precipitation was not more than 60
cm. Therefore, the precipitation of 10.73 mm and 3.6
mm occurred in 57-79 h and 81-96 h can be considered as no significant effect in soil layer below 60
cm. The wetting front of the 48.37 mm precipitation
occurred during 0-54 h was 120 cm.
Fig. 8 shows the 10 cm, 20 cm, 40 cm, 60 cm
and 100 cm soil layers reached the peak values
needed 24.18 mm (17 h), 31.32 mm (34 h), 5.021
mm (61 h), 59.25 mm (81 h) and 62.75 mm (103 h),

Fig. 6 shows the 10 cm, 20 cm and 40 cm soil
layers reached the peak values needed 23.44 mm (21
h), 38.31 mm (40 h) and 52.35 mm (79 h), and the
corresponding soil water content were 7.39%, 6.43%
and 7.11%, respectively. The peak values had a significant difference with the soil water content before
this rainfall. The results showed that the precipitation during 0-47 h could cause peak values of the soil
moisture at 10 cm and 20 cm soil layers, but for the
40 cm soil layer, the peak value should be achieved
after the rest precipitation (9.21 mm).
Fig. 7 and Fig. 8 show the relationship between
soil wetting front, peak value and precipitation when
the initial soil water content was in a relatively high
state. The rainfall started at 10:00 (recorded 0 h) on
August 20 and lasted 81 h, with the cumulative precipitation of 62.75 mm, among which the precipitation at 0-54 h was 48.37 mm, 57-79 h was 10.73 mm,
81-96 h was 3.6 mm, and the average soil water content at 0-200cm soil layer was 6.37%. The analysis
of this rainfall shows the wetting front infiltrated to
10 cm, 20 cm, 40 cm, 60 cm, 80 cm,100 cm and 120
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and the corresponding soil water content were
13.1%, 12.52%, 12.55%, 12.41% and 10.78%. The
peak values had a significant difference with the soil
water content before this rainfall. Due to the infiltration depth of precipitation less than 12.9 mm is less
than 60 cm, it can be considered that the soil water
content at 0-100 cm soil layer could reach the peak
value after the single precipitation of 48.37 mm
when the initial soil water content was high. The
comparison of the two rainfall events occurred on
May 19th and August 20th shows the infiltration rate
of the first rainfall was higher than that in the second
rainfall, we thought the rainfall intensity from 0-10h
of the second precipitation may be too heavy, leading to soil harden and even forming the surface runoff, which affected the infiltration rate.
! &$! $

(1)In the study area, the seasonal variation degree of soil moisture and precipitation was basically
in synchronization, the soil water content was significantly correlated with the precipitation. The change
of soil water content was divided into three periods
every year. After increased steadily in November to
February, the soil water content increased significantly in March, and then decreased slowly in April
to June. The soil water content was significantly increasing in July to October.
(2) The infiltration depth of the rainfall occurred on May 19th was between 80-100 cm when
the initial soil water content was in a relatively low
state, making the soil water content at 0-40 cm soil
layer reach the peak value. When the initial water
content of soil was high, the infiltration depth of the
rainfall occurred on August 20th was between 120160 cm, and the soil water content at 0-80cm soil
layer can reach the peak valve. Both of the precipitation had a significant effect on soil water content.
(3) The precipitation before August only affected the soil water content above 80cm soil layer;
from August to October, the precipitation of had a
significant effect on the soil water content at 0-120
cm soil layer. The soil storage volume at 0-200 cm
soil layer increased by 16.3 mm in the growing season, accounting for 6.1% of the rainfall in the same
period.
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LQ WKH DJULFXOWXUH DFWLYLWLHV EHFDXVH WKH TXDOLW\ RI
WKHDJULFXOWXUHSURGXFWVGHSHQGVRQWKHTXDOLW\RIWKH
VRLO DQG ZDWHU GXULQJ WKHLU JURZWK$QG WKHUHIRUH
WKHHQYLURQPHQWDOSUREOHPVUHODWHGWRWKHZDWHUDQG
VRLOLVLPSRUWDQW,QWKLVVWXG\WKHVXUIDFHVRLOVDP
SOHVDURXQGWKH:RORQJKXFRDOPLQH VXUURXQGHGE\
IDUPODQG KDYHEHHQFKRVHQDVWKHUHVHDUFKREMHFWV
DQGWKHFRQFHQWUDWLRQVRIWKH VHYHQNLQGVRIKHDY\
PHWDOV &X)H=Q&R&U0QDQG3E KDYHEHHQ
PHDVXUHGDQGDQDO\]HGE\DVHULHVRIHQYLURQPHQWDO
PHWKRGV IRU JHWWLQJ WKH LQIRUPDWLRQ DERXW   WKH
FKDUDFWHULVWLFV RI KHDY\ PHWDO FRQFHQWUDWLRQV DQG
WKHLU VSDWLDO GLVWULEXWLRQV DURXQG WKH FRDOPLQH  
WKH GHJUHHV RI KHDY\ PHWDO FRQWDPLQDWLRQ DQG WKH
HFRORJLFDO KHDOWK ULVN DQG   WKH TXDOLWDWLYH DQG
TXDQWLWDWLYHVRXUFHFRQWULEXWLRQVUHODWHGWRWKHKHDY\
PHWDOV
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JURXQGZDWHU DLU DQG ODQG DQG FRQVHTXHQWO\ FDXVH
PDQ\HQYLURQPHQWDOSUREOHPVHJ JURXQGVXEVLG
HQFH ZDWHU FRQWDPLQDWLRQ VRLO FRQWDPLQDWLRQ
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PDLQFRDOVHDPLQWKHPLQH WKHWKDQGWK DQGWKH
HVWLPDWHGUHFRYHUDEOHUHVHUYHLVPLOOLRQWRQV LQ
 DQGWKHDQQXDORXWSXWLVQHDUPLOOLRQWRQV

'DWHWUHDWPHQW7KHGDWHWUHDWPHQWSURFHVVHV
ZHUHDVIROORZV
 $OORIWKHGDWDZHUHILUVWO\SURFHVVHGIRUVWD
WLVWLFDODQDO\VLVE\WKH0\VWDWVRIWZDUHDQGWKH
PLQLPXPPD[LPXPPHDQVWDQGDUGGHYLDWLRQFR
HIILFLHQWRIYDULDWLRQ &9 DQGWKHSYDOXHRIWKHQRU
PDOGLVWULEXWLRQWHVWKDYHEHHQDFTXLUHG
 7KH FRQWRXU PDSVRI WKH PHWDO FRQFHQWUD
WLRQV ZHUH SORWWHG E\ WKH VXUIHU  VRIWZDUH ZLWK
QDWXUDOQHLJKERUJULGPHWKRG ZKLFKKDVORQJEHHQ
XVHGIRUHQYLURQPHQWDOVWXGLHVEHFDXVHRIWKHYLVX
DOL]DWLRQRIWKH SROOXWLRQ>@DQGWKH ORFDWLRQVRI
WKHDUHDVZLWKKLJKPHWDOFRQFHQWUDWLRQVKDYHEHHQ
FRPSDUHGZLWKWKHDFWXDOILHOGVLWXDWLRQWKURXJKWKH
*RRJOHVDWHOOLWHPDSLQFOXGLQJWKHDUHDZLWKFRDODF
FXPXODWLRQ ZDVKHU\ FRDO JDXJH KLOO DQG WKH DUHD
ZLWKKLJKGHQVLW\RIWUDIILF
 7KHPHWKRGVIRUWKHSROOXWLRQDVVHVVPHQWRI
KHDY\PHWDOVLQFOXGHWKHVLQJOHSROOXWLRQLQGH[ 3L 
>@DQGWKHJHRDFFXPXODWLRQLQGH[ ,JHR >@WKH
1HPHURZFRPSRVLWHLQGH[ 3V >@DQGWKHSRWHQ
WLDOHFRORJLFDOULVNLQGH[ 5, >@

6DPSOLQJDQGDQDO\VHV$WRWDORIVXUIDFH
VRLO VDPSOHV DURXQG WKH :RORQJKX FRDOPLQH KDYH
EHHQFROOHFWHG )LJXUH LQ$SULO7KHVDPSOHV
ZHUH ILUVWO\ DLUGULHG LQ QDWXUDO FRQGLWLRQV DQG WKH
GHEULVRIDQLPDOVDQGSODQWVKDGEHHQSLFNHGRXWE\
KDQGV7KHQWKHVDPSOHVZHUHSRZGHUHGWREH
PHVKHVDIWHUGU\LQJIRUKDW&LQDGULHU
7KHQWKHVDPSOHVZHUHFRPSUHVVHGLQWRWDEOHWE\D
FRQGHQVHUDQGWKHQDQDO\]HGE\;5) ,QQRY;([
SORUHU6''86$ 1DWLRQDOVWDQGDUGVHGLPHQW
VDPSOHRI&KLQD *%: ZDVDQDO\]HGVLPXO
WDQHRXVO\IRUFDOLEUDWLRQ RQFHSHUWHQVDPSOHV DQG
WKHUHODWLYH VWDQGDUGGHULYDWLRQZDVOHVVWKDQ
7KH FRQFHQWUDWLRQVRIVHYHQ NLQGVRIKHDY\ PHWDOV
&X)H=Q&R&U0QDQG3E KDYHEHHQPHDVXUHG
7KHH[SHULPHQWZDVFDUULHGRXWLQWKH(QJLQHHULQJ
DQG7HFKQRORJLFDO5HVHDUFK&HQWUHRI&RDO([SORUD
WLRQ$QKXL3URYLQFH&KLQD

),*85(
7KHORFDWLRQRIWKHVWXG\DUHDDQGWKHVDPSOHVGLVWULEXWLRQV
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EHHQDSSOLHGIRUJHWWLQJWKHTXDQWLWDWLYHLQIRUPDWLRQ
DERXWWKHVRXUFHRIPHWDOV

7KHVLQJOHSROOXWLRQLQGH[ 3L &P&VZKHUH&P
LVWKHFRQFHQWUDWLRQRIVDPSOHDQG&VLVWKHFRQFHQ
WUDWLRQRIEDFNJURXQG LVDJRRGLQGLFDWRUIRUPRQL
WRULQJ WKH GHJUHH RI SROOXWLRQ DQG  GHJUHHV KDG
EHHQ VXEGLYLGHG  PHDQV OLJKW SROOXWLRQ 
PHDQVPRGHUDWHSROOXWLRQDQG!PHDQVFRQVLGHUD
EOHSROOXWLRQ7KHHQYLURQPHQWDOEDFNJURXQGYDOXHV
RI&KLQDKDYHEHHQFKRVHQWREHWKH&V
7KH JHRDFFXPXODWLRQ LQGH[ ,JHR ORJ&P
î&V GHJUHHVKDGEHHQVXEGLYLGHGXQSRO
OXWHG  OLJKW SROOXWLRQ  PRGHUDWH SROOXWLRQ
KHDY\SROOXWLRQ!VHULRXVSROOXWLRQ7KHHQ
YLURQPHQWDOEDFNJURXQGYDOXHVRI&KLQDKDYHEHHQ
FKRVHQWREHWKH&V
7KH 1HPHURZ FRPSRVLWH LQGH[ 3V  PHWKRG
WDNHVLQWRDFFRXQWDOOWKHLQGLYLGXDOHYDOXDWLRQIDF
WRUVDQGDOVRKLJKOLJKWVWKHLPSRUWDQFHRIWKHPRVW
FRQWDPLQDWHGHOHPHQWV7KHFDOFXODWLRQRIWKH3VLV
6457 3LP3L[   ZKHUH 3LP LV WKH DYHUDJH RI
VLQJOH SROOXWLRQ LQGH[ RI DOO PHWDOV DQG 3L[ LV WKH
PD[LPXPYDOXHRIWKHVLQJOHSROOXWLRQLQGH[RIDOO
PHWDOV7KHTXDOLW\RIVRLOHQYLURQPHQWLVFODVVLILHG
LQWR  JUDGHV IURP WKH 3V  VDIHW\ GRPDLQ
3VSUHFDXWLRQGRPDLQ3VVOLJKWO\
SROOXWHG GRPDLQ 3V PRGHUDWHO\ SROOXWHG
GRPDLQDQG3V!VHULRXVO\SROOXWHGGRPDLQ
7KHSRWHQWLDOHFRORJLFDOULVNLQGH[ 5,

¦

n
i 1

5(68/76$1'',6&866,21
&RQFHQWUDWLRQV&RQFHQWUDWLRQVRIKHDY\PHW
DOVRIVXUIDFHVRLOLQWKHVWXG\DUHDDUHV\QWKHVL]HG
LQ7DEOH7KHPHDQYDOXHVRIKHDY\PHWDOFRQFHQ
WUDWLRQV ZHUH DUUDQJHG LQ WKH IROORZLQJ RUGHU
)H!0Q!=Q!&U!3E!&X!&RZKHUH)HKDVWKHKLJK
HVWOHYHO PJNJ LQWKHVXUIDFHVRLODQG&R
KDVWKHORZHVWFRQFHQWUDWLRQ PJNJ 
7KH&9LVDQLQGH[VKRZLQJWKHH[WHQWRIYDUL
DELOLW\ LQ UHODWLRQ WR WKH PHDQ RI WKH SRSXODWLRQ
ZKLFKFDQEHXVHGIRULGHQWLI\LQJWKHDQWKURSRJHQLF
FRQWULEXWLRQGHJUHHIRUWKHSROOXWLRQLQWKHHQYLURQ
PHQWDOVWXGLHV3UHYLRXVVWXGLHVUHYHDOHGWKDWZKHQ
&9DQG!PHDQORZDQGKLJKDQWKURSRJHQLF
FRQWULEXWLRQVUHVSHFWLYHO\>@,QWKLVVWXG\WKHFR
EDOWDQGFRSSHUKDVUHODWLYHKLJKHU&9V DQG
UHVSHFWLYHO\ ZKLFKPHDQVWKDWWKHFRQFHQWUD
WLRQVRIWKHPYDULHGVLJQLILFDQWO\IURPDUHDWRDUHD
DQGLWPLJKWEHLQIOXHQFHGE\KXPDQDFWLYLWLHV&RP
SDUDWLYHO\ WKH FKURPH KDV WKH ORZHVW &9  
ZKLFKPHDQVWKDWLWKDVQRWEHHQDIIHFWHGE\KXPDQ
DFWLYLWLHVVLJQLILFDQWO\$VWRRWKHUPHWDOVWKH\KDYH
ORZHU&9VUDQJHIURPWRZKLFKLQGLFDWH
WKHPRGHUDWHGHJUHHRIVSDWLDOLQKRPRJHQHRXV
2WKHU LQIRUPDWLRQ FDQ DOVR EH DFKLHYHG IURP
WKHSYDOXHRIWKHQRUPDOGLVWULEXWLRQWHVW$VFDQEH
VHHQIURPWKH7DEOH&U&XDQG)HKDYHSYDOXHV
KLJKHUWKDQZKHUHDVRWKHUPHWDOVKDYHSYDOXHV
ORZHU WKDQ  LPSO\LQJ WKDW RQO\ &U &X DQG )H
FDQSDVVWKHQRUPDOGLVWULEXWLRQWHVWZKHUHDVRWKHUV
FDQQRW SDVV SYDOXH!  ZKLFK PD\ DOVR VXJ
JHVWVWKDWWKHPHWDOVH[FHSWIRU&U&XDQG)HPLJKW
KDYHEHHQDIIHFWHGE\PXOWLIDFWRUV6LPLODUFRQFOX
VLRQVFDQDOVREHLGHQWLILHGIURPWKHGHQVLW\SORWVRI
WKHPHWDOVWKDWDOORIWKHPHWDOVKDYHPRUHWKDQRQH
SHDN )LJXUH 



(LU ZKHUH (LU LV SRWHQWLDO HFRORJLFDO ULVN LQGLYLGXDO
FRHIILFLHQWFDOFXODWHGE\7LUî3LDQG7LULVWKHWR[LFLW\
UHVSRQVHFRHIILFLHQWRIPHWDOWR[LFLW\ KDVEHHQDS
SOLHG WR HYDOXDWH WKH KHDY\ PHWDO SROOXWLRQ LQ WKH
VRLOVDQGDOVRWRDVVRFLDWHHFRORJLFDODQG HQYLURQ
PHQWDOHIIHFWVZLWKWKHLUWR[LFRORJ\,QWKLVVWXG\WKH
ܶ  YDOXHVDUHIRUWKH)H0Q=QIRU&UDQGIRU
WKH&X&R3EUHVSHFWLYHO\
 7KHVWDWLVWLFDODQDO\VHV LQFOXGLQJWKHFRU
UHODWLRQFOXVWHUDQGIDFWRUDQDO\VHV >@KDYHEHHQ
DSSOLHGIRUJHWWLQJWKHTXDOLWDWLYHLQIRUPDWLRQRIWKH
VRXUFHRIWKHKHDY\PHWDOVDQGWKHQWKHSRVLWLYHPD
WUL[IDFWRUL]DWLRQ 30) PHWKRGSURYLGHGE\WKH86
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ (3$  >@ KDV

7$%/(
'HVFULSWLYHVWDWLVWLFVRIKHDY\PHWDOFRQFHQWUDWLRQV
&R
&U
&X
)H
0LQLPXP




0D[LPXP




$ULWKPHWLF0HDQ




6WDQGDUG'HYLDWLRQ




&RHIILFLHQWRI9DULDWLRQ




SYDOXH


!

12.7
61.0
22.6
29400
Background [22]




Mean Pi




Highest Pi
Igeo




Highest Igeo
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),*85(
'HQVLW\SORWVRIWKHKHDY\PHWDOFRQFHQWUDWLRQV
LQGLFDWHVWKDWWKHVRLOVLQWKLVVWXG\DUHVOLJKWO\SRO
OXWHG
$OWKRXJKWKHSRWHQWLDOHFRORJLFDOULVNLQGH[ 5, 
LVRULJLQDOO\XVHGDVDGLDJQRVWLFWRROIRUWKHSXUSRVH
RI FRQWUROOLQJ ZDWHU SROOXWLRQ LW KDV EHHQ VXFFHVV
IXOO\XVHGIRUDVVHVVLQJWKHTXDOLW\RIVHGLPHQWVDQG
VRLOVLQWHUPVRIKHDY\PHWDOVSROOXWLRQ,QWKLVVWXG\
WKH5,ZDVFDOFXODWHGWREHZKLFKPHDQVORZ
SRWHQWLDOHFRORJLFDO ULVN 5, VLPLODUWRWKH UH
VXOWRIWKH1HPHURZFRPSRVLWHLQGH[

3ROOXWLRQ DVVHVVPHQW 5HVXOWV RI WKH FDOFX
ODWHG3LYDOXHVDUHV\QWKHVL]HGLQWKH7DEOH$VFDQ
EHVHHQIURPWKHWDEOHWKHVDPSOHVKDYHPHDQ3LYDO
XHV!IRU3EDQG&UZKLFKLQGLFDWHWKDWWKHVHWZR
PHWDOVDUHOLJKWSROOXWHG&RPSDUDWLYHO\WKHSROOX
WLRQVRIRWKHU PHWDOVDUH FRQVLGHUHGWREH OLJKWEH
FDXVHDOORIWKHPKDYHPHDQ3LYDOXHV+RZHYHU
DOWKRXJKPRVWRIWKHKHDY\PHWDOV H[FHSWIRU&UDQG
3E  LQ WKLV VWXG\ KDYH PHDQ FRQFHQWUDWLRQV ORZHU
WKDQ WKH VRLO HQYLURQPHQWDO EDFNJURXQG YDOXHV RI
&KLQD WKHUH DUH GLIIHUHQFHV EHWZHHQ VDPSOHV DQG
WKHLUORFDWLRQVWKH PD[LPXPFRQFHQWUDWLRQVRIWKH
&R&U&X)H0Q3EDQG=QDUH
  DQG  PJNJ UHVSHFWLYHO\ DQG
DOO RI WKHP DUH KLJKHU WKDQ WKH EDFNJURXQG YDOXHV
DQGPJNJ
UHVSHFWLYHO\ ZKLFKLPSO\WKDWWKHKHDY\PHWDOGLV
WULEXWLRQLVKHWHURJHQHRXV
7KH LQGH[ RI JHRDFFXPXODWLRQ ,JHR  HQDEOHV
WKHDVVHVVPHQWRIFRQWDPLQDWLRQGHJUHHVE\FRPSDU
LQJWKHFXUUHQWDQGSUHLQGXVWULDOFRQFHQWUDWLRQVDQG
WKHUHVXOWLVDOVRVKRZQLQWKH7DEOHDQGLPSO\³XQ
SROOXWHG´IRUDOORIWKHPHWDOVZLWKPHDQFRQFHQWUD
WLRQV ,JHR +RZHYHULWFDQDOVREHLGHQWLILHGIURP
WKH WDEOHWKDWWKH SROOXWLRQRIWKH KHDY\ PHWDOVDUH
GLIIHUHQWIURPVDPSOHWRVDPSOHWKHKLJKHVW, JHRYDO
XHVRIWKHVLQJOHVDPSOHIRUWKH&XDQG3EDUH
DQGUHVSHFWLYHO\ZKLFKLQGLFDWHVWKDWWKHVDP
SOHVZLWKWKHKLJKHVWFRQFHQWUDWLRQVRIWKHVHPHWDOV
DUHOLJKWPRGHUDWHSROOXWLRQ
'LIIHUHQWZLWKWKH3LDQGWKH,JHRWKH1HPHURZ
FRPSRVLWHLQGH[ 3V PHWKRGWDNHVLQWRDFFRXQWDOO
WKHLQGLYLGXDOHYDOXDWLRQIDFWRUVDQGDOVRKLJKOLJKWV
WKHLPSRUWDQFHRIWKH PRVWFRQWDPLQDWHGHOHPHQWV
,QWKLVVWXG\WKH3VZDVFDOFXODWHGWREHZKLFK

6SDWLDOGLVWULEXWLRQV$VFDQEHVHHQIURPWKH
FRQWRXUPDSRIWKHPHWDOFRQFHQWUDWLRQVLQWKH)LJ
XUHWZRDUHDVZLWKKLJKOHDGFRQFHQWUDWLRQVFDQEH
LGHQWLILHG LQ WKH HDVWQRUWK DQG FHQWHUZHVW RI WKH
VWXG\DUHD,QFRPSDULVRQZLWKWKHDFWXDOILHOGVLWXD
WLRQ VHH LQ )LJXUH  DQG DOVR WKH *RRJOH VDWHOOLWH
PDSZLWKWKHODWLWXGHDQGORQJLWXGHRIWKHFRDOPLQH 
LWFDQEHIRXQGWKDWWKHWZRDUHDVDUHQHDUWKH FRDO
ZDVKHU\ DQG FRDO JDXJH UHVSHFWLYHO\ ZKLFK LQGL
FDWHVWKDWWKHGLVWULEXWLRQRIWKH3ELQWKHDUHDLVFRDO
UHODWHG 0RUHRYHU WKH DUHDV ZLWK KLJK FRQFHQWUD
WLRQVRI&XFDQDOVREHLGHQWLILHGLQWKHHDVWRIWKH
VWXG\DUHD QHDUWKHSODFHIRUFRDOVWRUH ZKLFKVXJ
JHVWV WKDW WKH FRDO SURGXFWLRQ LV UHVSRQVLEOH IRU LW
0RUHRYHU DQRWKHU DUHD ZLWK KLJK ]LQF FRQFHQWUD
WLRQVFDQEHIRXQGQHDUWKHFHQWHURIWKHVWXG\DUHD
,QFRPSDULVRQZLWKWKHILHOGVLWXDWLRQWKHPRWRUYH
KLFOH LV FRQVLGHUHG WR EH UHVSRQVLEOH EHFDXVH WKLV
DUHDLVQHDUWKHSDUNLQJORW VHHLQ)LJXUHQRWIRU
FRDO WUDQVSRUWDWLRQ  0RUHRYHU DQRWKHU DUHD ZLWK
KLJK]LQFFRQFHQWUDWLRQVLVORFDWHGLQWKHHDVWRIWKH
VWXG\ DUHD VLPLODU WR WKH &X  ZKLFK VXJJHVWV WKDW
FRDOUHODWHGWUDQVSRUWDWLRQLVDOVRUHVSRQVLEOHIRUWKH
KLJK ]LQF ,Q FRQFOXVLRQ EDVHG RQ WKH VSDWLDO
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GLVWULEXWLRQV RI WKH PHWDO FRQFHQWUDWLRQV WKH FRDO
SURGXFWLRQ LQFOXGLQJ VWRUH DQG WUDQVSRUWDWLRQ RI
FRDOFRDOJDXJHDQGZDVKHU\ LVUHVSRQVLEOHIRUWKH
KLJKFRQFHQWUDWLRQVRIWKHPHWDO3E&XDQG=Q

KLHUDUFKLFDO 5PRGH FOXVWHU DQDO\VLV KDV EHHQ DS
SOLHG WR WKH GDWD DQG WKH µ :DUG OLQNDJH DQG WKH
µ 3HDUVRQGLVWDQFHKDYHEHHQFKRVHQIRUFDOFXODWLRQ
DQGWKHUHVXOWVDUH VKRZQLQ )LJXUH DVDGHQGUR
JUDP $V FDQ EH VHHQ IURP WKH ILJXUH WZR PDLQ
JURXSV FDQ EH LGHQWLILHG &X3E=Q *URXS   DQG
&R&U)H0Q *URXS   ZKLFK LQGLFDWH WKDW WKH
PHWDOV LQ WKH VLPLODU JURXS PLJKW KDYH VLPLODU
VRXUFHVDQGVLPLODUWRWKHUHVXOWREWDLQHGE\WKHVSD
WLDOGLVWULEXWLRQV )LJXUH RIWKHPHWDOV
)DFWRUDQDO\VLVLVDFRPPRQO\XVHGVWDWLVWLFDO
PHWKRG IRU FODVVLILFDWLRQ VLPSOLILFDWLRQ RI WKH GDWD
DQGILQGLQJWKHPRVWLPSRUWDQWYDULDEOHVLQWKHGDWD
VHW'XULQJJHRFKHPLFDOVWXGLHVIDFWRUDQDO\VLVKDV
ORQJEHHQXVHGIRUWUDFLQJHOHPHQWDOVRXUFHV>
@,QWKLVVWXG\EDVHGRQWKHFULWHULRQRILQLWLDOHL
JHQYDOXHKLJKHUWKDQRQHWZRIDFWRUVKDYHEHHQRE
WDLQHG 7DEOH $VFDQEHVHHQIURPWKHWDEOHWKH
ILUVWIDFWRUZKLFKDFFRXQWVIRURIWKH

6WDWLVWLFDODQDO\VHVIRUVRXUFHLGHQWLILFDWLRQ
7KH FRUUHODWLRQ PDWUL[ LV XVHIXO DV LW FDQ SRLQW RXW
DVVRFLDWLRQV EHWZHHQ YDULDEOHV DQG WKXV LQGLFDWHV
WKHSDUWLFLSDWLRQRIWKHLQGLYLGXDOFKHPLFDOSDUDPH
WHUV LQ VHYHUDO LQIOXHQFH IDFWRUV7KH UHVXOWV RI WKH
FRUUHODWLRQDQDO\VLVDUHVKRZQLQWKH7DEOH$VFDQ
EHVHHQIURPWKHWDEOHFORVHUHODWLRQVKLSVKDYHEHHQ
LGHQWLILHGEHWZHHQWKHIROORZLQJPHWDOV&R&U&R
)H &R0Q &R=Q &U)H &U0Q &X3E )H0Q
)H3E0Q3EDQG3E=Q U!UD D  6XFK
UHVXOWVVXJJHVWWKDWWKHVHPHWDOSDLUVPLJKWKDYHVLP
LODUVRXUFHVRUKDYHEHHQDIIHFWHGE\VLPLODUIDFWRUV
HJ&XDQG3EFDQEHDIIHFWHGE\FRDOSURGXFWLRQ
&OXVWHUDQDO\VLVKDVEHHQXVHGIRUHQYLURQPHQ
WDO VWXGLHV IRU D ORQJ WLPH > @ ,Q WKLV VWXG\ WKH

),*85(
6SDWLDOGLVWULEXWLRQVRIKHDY\PHWDOFRQFHQWUDWLRQV XQLWLQPJNJ 
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7$%/(
&RUUHODWLRQPDWUL[RIKHDY\FRQFHQWUDWLRQVRIVXUIDFHVRLOLQWKHVWXG\DUHD
&R
&U
&X
)H
0Q
3E
&R

&U


&X



)H




0Q





3E






=Q






1RWH VLJQLILFDQWDWD OHYHO

7$%/(
5HVXOWVRIIDFWRUDQDO\VLV
Factor 1
0.80
0.69
-0.13
0.91
0.79
0.38
0.29
2.79
39.8%



FRQFHQWUDWLRQXQFHUWDLQW\PRGHO7KHUHVXOWVVXJJHVW
WKDWDOORIWKHVHYHQNLQGVRIWUDFHPHWDOVKDYHEHHQ
FODVVLILHGWREHVWURQJFDWHJRU\ZKLFKVXJJHVWWKDW
DOO RI WKHP FDQ EH XVHG IRU 30) DQDO\VLV 7ZR
VRXUFHVKDYHEHHQDVVLJQHGWREHWKHQXPEHURIWKH
IDFWRUVGXULQJ30)DQDO\VLVLQFRQVLGHULQJZLWKWKH
QXPEHURIIDFWRUVREWDLQHGDERYH$IWHUFDOFXODWLRQ
WKHFRHIILFLHQWVEHWZHHQREVHUYHGDQGSUHGLFWHGGDWD
RIDOOWKH WUDFH PHWDOVE\WKH 30)PRGHOLQJUDQJH
IURP IRU&U WR IRU)H DQGDOORIWKHPHW
DOVKDYHFRHIILFLHQWVKLJKHUWKDQWKHFULWLFDOFRHIIL
FLHQW UĮ Į 7DEOH 
7KHUHVXOWVRI30)EDVHPRGHOUXQDUHVKRZQ
LQWKH)LJXUHDQGWKHVWDWLVWLFDOUHVXOWVDUHV\QWKH
VL]HGLQWKH7DEOHWKH6RXUFHLVGRPLQDWHGE\&X
DQGWKHQIROORZHGE\3E=Q&U0QDQG)HWKHLU
SURSRUWLRQVDUH
DQGUHVSHFWLYHO\7KH6RXUFHLVGRPLQDWHG
E\&RDQGWKHQIROORZHGE\)H0Q&U=QDQG3E
ZKLFKUHVSRQVLEOHIRU
 DQG  UHVSHFWLYHO\ ,Q FRQVLGHUDWLRQ
ZLWKWKHDERYHDQDO\VHVWKH6RXUFHLVFRQVLGHUHG
WREHUHODWHGWRWKHVRXUFHUHODWHGWRWKHFRDOSURGXF
WLRQ KLJK&X3EDQG=QSURSRUWLRQV ZKHUHDVWKH
6RXUFHLVFRQVLGHUHGWREHWKHJHRJHQLFFRQGLWLRQ
0RUHRYHU WKH FRQWULEXWLRQ RI WKH 6RXUFH  IRU WKH
PHWDOFRQFHQWUDWLRQVRIDOORIWKHVDPSOHVUDQJHIURP
WR PHDQ  ZKHUHDVWKH6RXUFH
FRQWULEXWLRQVDUHWR PHDQ  ZKLFK
LQGLFDWH WKDW WKH DQWKURSRJHQLF FRQWULEXWLRQ LQ WKH
VWXG\DUHDLVVLJQLILFDQW

),*85(
'HQGURJUDPRIWKHKLHUDUFKLFDOFOXVWHUDQDO\VLV
RIKHDY\PHWDOV

Metals
Co
Cr
Cu
Fe
Mn
Pb
Zn
Eigen value
Variance Explained

=Q

Factor 2
-0.14
-0.37
0.65
-0.05
0.04
0.62
0.77
1.55
22.1%

WRWDOYDULDQFHH[SODQDWLRQKDVVWURQJSRVLWLYHORDG
LQJVRI&R)HDQG0QDQGPHGLXPORDGLQJVRI&U
ZKHUHDV WKH VHFRQG IDFWRU ZLWK  RI WKH WRWDO
YDULDQFHH[SODQDWLRQKDVVWURQJSRVLWLYHORDGLQJRI
=QDQGPHGLXPORDGLQJVRI&XDQG3E6XFKUHVXOWV
DUHVLPLODUWRWKHUHVXOWVREWDLQHGE\FRUUHODWLRQDQG
FOXVWHUDQDO\VHVDQGLPSO\LQJWKDWWKHVLPLODURULJLQ
IRU &R&U)H0Q DQG &X3E=Q UHVSHFWLYHO\ ,Q
FRQVLGHUDWLRQ ZLWK WKH VSDWLDO GLVWULEXWLRQV RI WKH
PHWDO FRQFHQWUDWLRQV WKHVH WZR IDFWRUV FDQ EH H[
SODLQHGWREHWKHJHRJHQLFDQGDQWKURSRJHQLF FRDO
UHODWHG IDFWRUVUHVSHFWLYHO\
'LIIHUHQWZLWKIDFWRUDQDO\VLVWKH30)FDQJHW
QRW RQO\ WKH TXDOLWDWLYH LQIRUPDWLRQ EXW DOVR WKH
TXDQWLWDWLYH LQIRUPDWLRQ DERXW WKH VRXUFHV LQFOXG
LQJWKHVRXUFHSURILOHDQGVRXUFHFRQWULEXWLRQRIHDFK
VRXUFH %HIRUHWKHPRGHOLQJRI30)PRGHODOORI
WKH
GDWD
ZHUH
ILUVWO\
FKHFNHG
E\

&21&/86,216
%DVHGRQWKHDQDO\VHVRIWKHKHDY\PHWDOVFRQ
FHQWUDWLRQV LQ WKH VXUIDFH VRLO VDPSOHV DURXQG WKH
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7$%/(
6RXUFHSURILOHV 5HODWLYHLQIRUPDWLRQ 
Metals
Co
Cr
Cu
Fe
Mn
Pb
Zn

Source 1
59.5%
100%
52.7%
58.0%
67.3%
64.0%

Source 2
100%
40.5%
47.3%
42.0%
32.7%
36.0%

r
0.81
0.42
0.68
0.84
0.65
0.59
0.47

Note: r means correlation between observed and predicted in PMF model.
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EFFECTS OF DIFFERENT POTASSIUM DOSES ON ION,
CHLOROPHYLL AND ENZYME CONTENTS OF
DROUGHT SENSITIVE BEAN PLANTS
Turgay Kabay*
Ercis Vocational School, Van Yuzuncu Yil University, Van, Turkey

decreased, proteins and chlorophyll are negatively
influenced, photosynthesis and respiration are
slowed down or totally terminated [1, 2, 3]. Water
deficiency stimulates formation of reactive oxygen
species (ROS) like superoxide (O2-), hydrogen
peroxide (H2O2) and hydroxyl radicals (OH-) [4].
ROS generally damage cell membrane lipids, nucleic acids, proteins, chlorophylls and macro molecules. Lipid peroxidation is the primary impact of
free radicals on cell membrane. Lipid peroxidation
creates significant damages on cell membrane and
produces malondialdehyde (MDA) at the end of
couple reaction steps. Since heat, light, salinity-like
abiotic stressors limit plant water intake, they may
act like drought stress. It was reported in previous
studies that drought increased lipid (MDA) and
antioxidant enzyme activities and created damages
on plant tissues of beans [5, 6]. Significant increases were reported in stomatal conductance, oxidative
and antioxidative enzyme activities of beans under
drought stress [7]. Water stress reduced yield and
quality of tomatoes and well leaf relative water
contents were reported for resistant cultivars and
high antioxidant enzyme activities were reported
for sensitive genotypes [8, 9, 10]. While significant
changes were observed in MAD, CAT, SOD and
APX enzyme activities of beans under drought
stress, greater plant development, leaf relative water
contents, membrane damage index, K and Ca contents were reported for sensitive genotypes and
similar values with the control plants were reported
for drought-tolerant genotypes [6, 11]. Increasing
resistance levels were reported for melon genotypes
with greater green herbage and root K and Ca ion
concentrations and increased oxidative and antioxidative enzyme activities were observed in genotypes under drought stress [12]. Potassium (K)
supply to plants may rebalance cell inner electrolytic balance, increase K contents and reorganize imbalanced inner cell activities [13, 14, 15]. Different
salt concentrations were experimented with 20
different bean genotypes and large variations were
reported in green herbage and root fresh and dry
weights of the genotypes and sensitive genotypes
were negatively influenced by increasing salt doses
[16, 17]. It was reported in another study carried
out to determine the effects of different potassium

ABSTRACT
Droughts negatively influence plant production activities worldwide. Decreasing yields and
quality exert financial problems on growers. This
study was conducted to determine the effects different potassium doses on drought-induced yield
and quality losses in beans. Drought sensitive
Zulbiye bean cultivar and V71 bean genotype
which was also identified as drought-sensitive in a
previous study were used as the plant material.
Bean seeds were sown in perlite-filled 2-liter pots.
Potassium (K) doses were arranged as: 0 (control)
ppm K, 500 ppm K, 1000 ppm K and 2000 ppm K.
Experiments were conducted in randomized plots ±
factorial experimental design with 4 replications
with 4 pots in each replicate and 2 plants in each
pot. Pots were irrigated with Hoagland nutrient
solution throughout the growing season from sowing till harvest. Experiments were carried out in a
climate chamber set at 22 - 25 0C day temperatures
and 17 ± 19 0C night temperatures. Irrigations were
terminated in plants exposed to drought stress since
the seedling period and irrigations were kept on in
control plants. Experiments were terminated on
12th day of drought. Then, changes in catalase
(CAT), superoxide dismutase (SOD), ascorbate
peroxidase (APX), malondialdehyde (MDA), chlorophyll a, chlorophyll b, total chlorophyll, K, Ca
and Mg contents of the bean plants were investigated. It was observed that 1000 ppm and 2000 ppm
potassium doses were quite effective in reducing
drought-induced damages and decreases in droughtsensitive Zulbiye cultivar and V71 genotype.

KEYWORDS:
Enzyme, Ion, Chlorophyll, Drought,Phaseolus Vulgaris.

INTRODUCTION
Plants are exposed to drought stress when they
were not able to get water from the growing ambient. Plant tissues start to loose water when they
went into drought stress. Cell growth is also recessed under stress conditions. Then, leaf sizes
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sulphate doses (50% K2O; 0, 4, 8, 12 kg K2Oda-1)
and magnesium sulphatedoses (16% MgO; 0, 2, 4,
6 kg MgOda-1) on leaf micro and macro nutrients of
sunflowers that leaf macro (N, P, K, C, Mg, S) and
micro (Fe, Zn, Mn, Cu, B) nutrients increased with
increasing treatment doses and single K treatments
increased leaf nutrients [18]. It was reported in
another study carried out to determine the effects of
organic and chemical fertilizers on plant nutrition
and growth of peppers grown under-cover that plant
N, P,K, Ca, Mg, Fe and Mn concentrations significantly increased with different fertilizer treatments
[19, 20]. Drought and salt stress negatively influenced plant development of tomatoes and decreased
plant K and Ca contents [9, 21]. It was reported in a
study carried out to assess the effects of water and
heat stress on plant physiology of beans that 38 ºC
and water stress negatively influenced the development of sensitive genotypes and similar values
with the control plants were reported for tolerant
genotypes [22]. In another study, foliar selenium
(50 ppm in the form of Na2SeO4) and silicon (300
ppm in the form of K2SiO3) treatments were applied
to cucumber (Cucumissativus L.) plants and it was
reported that selenium and silicon treatments had
positive impacts on number of leaves, plant height,
number of fruits, fruit weight, fruit length, fruit
firmness, fruit soluble solids content (SSC) fruit
pH, EC, leaf N, P, K, Mg, Ca, Fe, Se and Si contents [23]. Decreasing chlorophyll, yield and quality
values were reported in plants under biotic and
abiotic stress conditions or under negative environmental conditions, but increasing values were
reported with increasing K treatments [24, 25, 26].
Decreasing chlorophyll a, chlorophyll b and chlorophyll a+b contents were reported in beans under
drought stress [11]. In another drought study, decreasing total chlorophyll values were reported in
chickpeas under greenhouse and field conditions
[4]. Decreasing chlorophyll levels and increasing
MDA contents were reported under drought stress.
Drought and high temperatures increased lipid
(MDA) and antioxidant enzyme activities of the
beans and generated significant tissue damages [5,
11]. Increasing stomatal conductance, oxidative and
antioxidative enzyme activities were reported in
beans under excessive drought stress [7]. Although
water stress reduced yield and quality in tomatoes,
leaf relative water contents were quite well in resistant cultivars and high antioxidant enzyme activities were reported for sensitive genotypes [9, 10].
Increasing CAT and APX enzyme activities were
reported in melons with increasing drought stress
levels [12].
This study was conducted to determine the effects of different potassium (K) doses on enzyme
activities, chlorophyll contents and ion concentrations of drought-sensitive Zulbiye cultivar and V71
bean genotype.

MATERIALS AND METHODS
Effects of different potassium doses (0, 500,
1000 and 2000 ppm K) on chlorophyll a, chlorophyll b, chlorophyll a+b, CAD, SOD, APX, K, Ca
and contents of drought-sensitive V71 bean genotypes and Zulbiye bean cultivar were investigated
in this study. Bean seeds were planted into 2 liter
pots containing perlite + potassium doses (0, 500,
1000, 2000 ppm). Following the germination of the
seeds, thinning was performed as to have two plants
in each pot. Experiments were conducted in randomized blocks ± factorial experimental design
with 4 replications with 4 pots in each replicate.
Experiments were conducted in a climate chamber
with day temperatures of 22 ±2oC and night temperatures of 17 ±2oC. Experimental pots were irrigated with Hoagland nutrient solution throughout
the experiments. When the bean plants reached to
20 days, irrigations were kept on in control plants,
but irrigations were terminated in drought-stressed
plants. Following 12-day drought period, following
analyses were performed on plants:
Mineral element analysis.At the end of the
drought experiment, the shoot and root samples
from stressed and control plants were dried in an
oven at 65 ºC until reaching to a constant weight.
Then,the dried samples (200 mg) were grounded,
pre-lit by ethyl alcohol, and lit till ash formation at
550 °C. The ash samples were dissolved with a 3.3
% HCl solution, filtered with a blue-band filter
paper, and Mg, K, and Ca was determined in an
atomic absorption device (Thermo trade brand
serial no: ice3000 series aa spectrometer) [4, 11,
12].
Enzyme Activation.Frozen leaf samples were
homogenized with a 5 ml mixture of cold 50 mM
potassium phosphate and 0.1 mM Na-EDTA (pH:
7.6), the homogenate was centrifuged at 18 000 rpm
for 30 minutes at 4°C, and enzyme extraction was
performed at 4°C.
Catalase (CAT) activity was identified by the
disappearance of H2O2 at 240 nm according to
Cakmak and Marschner [27].
Superoxide dismutase (SOD) activity was
identified by the 50% inhibition of nitro blue tetrazolium (NBT) at 560 nm [28].
Ascorbate peroxidase (APX) activity was
identified by the reduction of ascorbic-acid-bound
H2O2 at 290 nm, with the amount of activity defined as the amount of enzyme required to consume
ȝPRORIDVFRUEDWHSHUPLQXWH>@
Chlorophyll. 0.25 g samples from the third
leaf of the plant were homogenized in 80% acetone
in a place where the light does not directly come
out, then the extractcompleted to 25 ml with acetone after filtering. Prepared samples were read at
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K dose, the value increased to 1.46% at 2000 ppm
K dose. For Zulbiye bean cultivar under drought
stress, while Mg content of the plants was 0.25% at
0 ppm K dose, the value increased to 0.37% at 2000
ppm K dose. For V71 bean genotype under drought
stress, while plant Mg content was 0.27% at 0 ppm
K dose, the value increased to 0.39% at 2000 ppm
K dose (Table 1). Increasing resistance to stress
conditions were reported for tomatoes and melons
with greater green herbage and root K and Ca ion
concentrations and drought stress increased oxidative and antioxidative enzyme activities of the
plants [9, 12, 21]. Different salt concentrations were
experimented with 20 different bean genotypes on a
0-5 scale and large variations were reported in
green herbage and root fresh and dry weights of the
genotypes and sensitive genotypes were negatively
influenced by increasing salt doses [16]. In another
study, effects of different potassium sulphate doses
(50% K2O; 0, 4, 8, 12 kg K2Oda-1) and magnesium
sulphate doses (16% MgO; 0, 2, 4, 6 kg MgOda -1)
on leaf micro and macro nutrients of sunflowers
were investigated and increasing leaf macro (N, P,
K, C, Mg, S) and micro (Fe, Zn, Mn, Cu, B) nutrients were reported with increasing treatment doses
and single K treatments significantly increased leaf
nutrients [18]. It was reported in another study
carried out to determine the effects of organic and
chemical fertilizers on plant nutrition and growth of
peppers grown under-cover that plant N, P,K, Ca,
Mg, Fe and Mn concentrations significantly increased with different fertilizer treatments [17, 20].
In a heat and water stress study in beans, 38 ºC and
water stress negatively influenced the development
of sensitive genotypes and similar data with the
control plants were obtained for tolerant genotypes
[22].In another study carried out with foliar sprays
of selenium (50 ppm in the form of Na2SeO4) and
silicon (300 ppm in the form of K2SiO3) to cucumber (CucumissativusL.) plants, selenium and silicon
treatments had significant positive effects on number of leaves, plant height, number of fruits, fruit
weight, length, firmness, soluble solids content
(SSC), pH, EC, leaf N, P, K, Mg, Ca, Fe, Se and Si
contents [23].

663 nm and 645 nm wavelength and calculated by
the following formula [4, 11, 12].
Chlorophyll a (mg/g) = (12.7 * 663 nm) ±
(2.69 * 645 nm) * V / W*10000
Chlorophyll b (mg/g) = (22.91 * 645 nm) ±
(4.68 * 663 nm) * V / W*10000
Total Chlorophyll = Chlorophyll a + Chlorophyll b
Lipid peroxidation (MDA).Lipid peroxidation was measured at 532 and 600 nm and MDA
content calculated using an absorption coefficient
of 155 mM-1 cm-1 according to Heath and Packer
[29].
The statistical analysis.Analysis of variances
based on general linear models [30]were carried out
by SAS 9.4.1 statistical program. Duncan¶V multiple Comparison tests was used to measure the statistical differences S between genotype.

RESULTS AND DISCUSSION
Plants develop defense mechanisms under
drought stress. Droughts usually decrease plant
nutrients and chlorophyll contents of the beans. K
supply increase plant resistance to droughts. Additional K supplies had great contributions to plant
resistance to negative environmental conditions and
significantly increased plant nutrients [2, 13, 18]. In
present study, decreasing K contents were observed
under drought stress, but additional K supplies
increased plant K contents. For Zulbiye bean cultivar under drought stress, while K content of the
plants was 1.22% at 0 ppm K dose, the value increased to 2.16% at 2000 ppm K dose. For V71
bean genotype under drought stress, while plant K
content was 1.32% at 0 ppm K dose, the value increased to 2.35% at 2000 ppm K dose (Table 1). K
doses increased Ca and Mg contents of the plants.
For Zulbiye bean cultivar under drought stress,
while Ca content of the plants was 1.13% at 0 ppm
K dose, the value increased to 1.43% at 2000 ppm
K dose. For V71 bean genotype under drought
stress, while plant Ca content was 1.11% at 0 ppm

TABLE 1
Effects of potassium doses on K, Ca and Mg concentrations of bean plants under drought stress (%)
Beans
Treatment
control K Drought K control Ca Drought Ca control Mg Drought Mg
0 ppm K
3.26d
1.22h
2.23c
1.13g
0.43f
0.26f
500ppmK
3.44c
1.28g
2.36b
1.25e
0.54d
0.28d
Zulbiye
1000ppmK
3.56ab
1.57c
2.53a
1.32c
0.58c
0.34c
2000ppmK
3.66a
2.16b
2.55a
1.43b
0.57c
0.37b
2.88f
1.32f
2.04d
1.11h
0.47e
0.27e
0 ppm K
500ppmK
3.12e
1.37e
2.16c
1.23f
0.54d
0.28d
V71
3.45bc
1.47d
2.18c
1.28d
0.64b
0.37b
1000ppmK
2000ppmK
3.48bc
2.35a
2.21c
1.46a
0.69a
0.39a

7735

© by PSP

Volume 27 ± No. 11/2018 pages 7733-7738

Fresenius Environmental Bulletin


TABLE 2
Effects of potassium doses on chlorophyll a,chlorophyll b and chlorophyll a+bconcentrations of bean plants
under drought stress (mg g-1 FW)
Beans

Zulbiye

V71

Treatment
0 ppm K
500ppmK
1000ppmK
2000ppmK
0 ppm K
500ppmK
1000ppmK
2000ppmK

control
chlorophyll a
1.24e
1.92a
1.73d
1.79c
1.14f
1.87b
1.88b
1.90ab

Drought
chlorophyll a
0.78f
0.97e
1.33b
1.42a
0.77f
1.13d
1.29c
1.34b

Control
Chlorophyll b
0.57e
0.68d
0.72c
0.74b
0.57e
0.67d
0.76a
0.77a

Drought
Chlorophyll b
0.31f
0.38d
0.44c
0.53a
0.29g
0.35e
0.48b
0.47b

Control
Chlorophyll a+b
1.81e
2.61b
2.45d
2.53c
1.71f
2.54c
2.65a
2.67a

Drought
Chlorophyll a+b
1.09g
1.36e
1.77c
1.94a
1.06g
1.48d
1.76c
1.81b

TABLE 3
Effects of potassium doses onMDA (nmol g-1 FW), CAT(mmol g-1 FW), SOD
(unit g-1 FW) and APX (mmol g-1 FW) concentrations of bean plants under drought stress
Beans

Zulbiye

V71

Treatment
0 ppm K
500ppmK
1000ppmK
2000ppmK
0 ppm K
500ppmK
1000ppmK
2000ppmK

control
MDA
11.66f
13.71b
13.32c
14.31a
7.73g
12.68e
12.91d
13.01d

Drought
MDA
18.68b
16.31ef
15.82f
17.19c
19.06b
16.57de
21.48a
17.11cd

control
CAT
0.169a
0.127d
0.129d
0.135c
0.166a
0.144b
0.139c
0.137c

Drought
CAT
0.353a
0.324e
0.336d
0.268h
0.347c
0.350b
0.307g
0.311f

control
SOD
287.64b
255.44c
236.23de
231.89f
293.73a
233.69ef
238.11d
213.77g

Drought
SOD
377.49aa
336.14e
343.83d
313.82e
357.75c
360.61b
287.09g
265.05h

control
APX
0.665b
0.55 c
0.515d
0.528d
0.773a
0.665b
0.435f
0.480e

Drought
APX
0.973b
0.870d
0.928c
0.635g
1.053a
0.975b
0.765f
0.835e

tent was 0.268 mmol g-1 FW, SOD content was
313.82 unit g-1 FWand APX content was
0.635mmol g-1 FWat 2000 ppm K dose. For V71
bean genotype under drought stress, while CAT
content was 0.347 mmol g-1 FW, SOD content was
357.75 unit g-1 FWand APX content was
1.053mmol g-1 FWat 0 ppm K dose; CAT content
was 0.311 mmol g-1 FW, SOD content was 265.05
unit g-1 FWand APX content was 0.835mmol g-1
FWat 2000 ppm K dose.
Decreasing chlorophyll levels and increasing
MDA contents were reported under drought stress.
Drought and high temperatures increased lipid
(MDA) and antioxidant enzyme activities of the
beans and generated significant tissue damages [5,
11]. Increasing stomatal conductance, oxidative and
antioxidative enzyme activities were reported in
beans under excessive drought stress [7]. Although
water stress reduced yield and quality in tomatoes,
leaf relative water contents were quite well in resistant cultivars and high antioxidant enzyme activities were reported for sensitive genotypes [8, 9].
Increasing CAT and APX enzyme activities were
reported in melons with increasing drought stress
levels [12].

Decreases were observe in chlorophyll a, chlorophyll b and chlorophyll a+b values of Zulbiye and
V71 bean plants under drought stress, but K doses
increased chlorophyll values. For Zulbiye bean
cultivar under drought stress, while chlorophyll a+b
value was 1.09mg g-1 FWat 0 ppm K dose, the
value increased to 1.94 mg g-1 FWat 2000 ppm K
dose. For V71 bean genotype under drought stress,
while chlorophyll a+b value was 1.06mg g-1 FWat 0
ppm K dose, the value increased to 1.81 mg g-1
FWat 2000 ppm K dose (Table 2). Reduced chlorophyll, yield and quality values were reported in
plants under biotic and abiotic stress conditions or
under negative environmental conditions, but increasing values were reported with increasing K
treatments [24, 25].Decreasing chlorophyll a, chlorophyll b and chlorophyll a+b contents were reported in beans under drought stress [11].In another
drought study, decreasing total chlorophyll values
were reported in chickpeas under greenhouse and
field conditions [4].
MDA, CAT, SOD and APX contents of bean
plants increased with drought stress, but decreasing
values were observed with additional K doses. For
Zulbiye bean cultivar under drought stress, while
MDA content was 18.68nmol g-1 FWat 0 ppm K
dose, the value was observed as 17.19 nmol g-1 FW
at 2000 ppm K dose. For V71 bean genotype under
drought stress, while MDA content was 19.06 nmol
g-1 FWat 0 ppm K dose, the value was observed as
17.11 nmol g-1 FWat 2000 ppm K dose (Table 3).
For Zulbiye bean cultivar under drought stress,
while CAT content was 0.353 nmol g-1 FW, SOD
content was 377.49 unit g-1 FWand APX content
was 0.973mmol g-1 FWat 0 ppm K dose; CAT con-

CONCLUSION
Increasing K doses had positive impacts on
drought-sensitive been genotypes. While decreasing
K, Ca, Mg, chlorophyll a, chlorophyll b and total
chlorophyll contents were observed in drought
stress-sensitive bean plants, the values increased
with increasing K doses. MDA, CAT, SOD and
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[11] .DED\ 7 ùHQVR\ S. (2016) Drought stressinduced changes in enzymes, chlorophyll and
ions of some bean genotypes. <X]XQFX<ÕO
University Journal of Agricultural Sciences.
26(3), 380-395.
[12] .XúYXUDQ ù  Relationships between
physiological mechanisms for drought and salinity tolerance of melons. Unpublished Ph.D.
Thesis. ÇukurovaUniversity Institute of Natural and Applied Sciences. 356p.
[13] Kacar, B., Katkat % g]WUN ù  Plant
Physiology. Nobel Press. 2,493-533.
[14] <ÕOGÕ] 0 7HU]L +  Identification of
plant heat stress tolerance with cell vigor and
photosynthetic pigmentation tests. Erciyes University Journal of Science. 23(1-2), 47 - 60.
[15] Wang, M., Zheng, Q., Shen, Q., Guo, S. (2013)
The Critical Role of Potassium in Plant Stress
Response. Int. J. Mol. Sci.14.7370-7390.
[16] Erdinç, Ç.,.ÕSoDN 6 (2016)Identification of
Salt Tolerance Levels of Some Bean (Phaseolus vulgaris L.) Genotypes Grown in Lake
9DQ %DVLQ<X]XQFX<ÕO 8QLYHUVLW\ -RXUQDO RI
Agricultural Sciences. 26(3), 421-429.
[17] Uzal, O. (2017)The effect of Ga3 applications
at different doses on lipidperoxidation, chlorophyll, and antioxidant enzyme activities in
pepper plants under salt stress. Fresen.
Environ. Bull.26, 5283-5288.
[18] Ertiflik, H., Zengin, M. (2015) Effects of
Increasing Rates of Potassium and Magnesium
Fertilizers on the Nutrient Contents of
Sunflower Leaf. Selcuk Journal of Agriculture
and Food Sciences. 29(2),51-61.
[19] Özkan, C.F., Asri, F.Ö.,'HPLUWDú(,$UÕ 1
(2013) Effects of organic and chemical fertilizers on nutritional status and plant growth of
peppers grown under-cover. Jounral of Soil and
Water.2(2), 96-101.
[20] Çolpan. E., Zengin M., Özbahçe. A. (2013)The
effects of potassium on the yield and fruit
quality components of stick tomato hort.
Environ. Biotechnol. 54(1),20-28.
[21] Ali, S.G., Rab, A. (2017)The influence of
salinity and drought stress on sodium.
Potassium and Proline Content of Solanum
lycopersicumL. Cv. Rio Grande Pak. J. Bot.
49(1), 1-9.
[22] Gonzalez, C.J., Pastenes, C. (2012) Water
stress induced thermotolerance of photosynthesis in bean (Phaseolus vulgaris L.)
plants: The possible involvement of lipid
composition and xanthophyll cycle pigments.
Environmental and Experimental Botany. 77,
127-140.
[23] dHWLQVR\0)'DúJDQ+<(2016)Effects of
Foliar Selenium and Silicon Fertilizers on Cucumbers. Journal of Science and Techno-logy,
Targid. Special Issue,243-252.

APX contents of drought stress-sensitive bean
plants were high, but decreasing activities were
observed with increasing K doses. It was concluded
based on present findings that increasing K doses
had positive effects on drought-sensitive Zulbiye
cultivar and V71 bean genotype.
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To apply targeted next-generation sequencing
to detect a novel mutation in the Crumbs homologue1 (CRB1) gene in a non-consanguineous Chinese
family with Leber congenital amaurosis (LCA).
A targeted next-generation sequencing panel
was used to identify the variants and mutations on
the proband with LCA, and subsequently verified by
Sanger sequencing. The pathogenicity of the mutations was further analyzed using scale-invariant feature transform (SIFT) and PolyPhen-2 software.
Compound
heterozygous
c.1831T>C
(p.Ser611Pro) and c.1997T>A (p.Val666Asp) mutations were identified in the CRB1 gene of the affected patient, but not the normal individuals. Specifically, the c.1831T>C mutation was inherited
from the mother and the c.1997T>A mutation was
inherited from the father.
This is the first report to document the
c.1997T>A mutation in patients with LCA. The
compound heterozygous mutations of c.1831T>C
(p.Ser611Pro) and c.1997T>A (p.Val666Asp) are
responsible for the pathogenesis of LCA. Our findings expand the spectrum of pathogenic mutations
associated with the CRB1 gene and widen the scope
of genetic variability of LCA. Moreover, these findings contribute to directing future DNA testing and
selecting treatment options for LCA patients.



!'%"('"!
Leber congenital amaurosis (LCA) is the most
severe and earliest form of the inherited retinal diseases, thus accounting for approximately 5% of all
retinal dystrophies [1, 2]. LCA is characterized by
blindness or severe visual impairment at birth or
within several months following birth [3]. Ophthalmologic diseases and symptoms include nystagmus,
amaurotic pupils, impaired visual function, and absent electroretinogram (ERG) signals during the
early period of life [4-6].
To date, approximately 20 genes have been
shown to be associated with LCA [7]. Among these
genes, centrosomal protein of 290 kDa (CEP290
[15%]), guanylate cyclase 2D (GUCY2D [12%]),
Crumbs homologue-1 (CRB1 [10%]), and retinoid
isomerohydrolase (RPE65 [6%]) are the most frequently mutated genes in the European population
[8-10], whereas CRB1 (13.6%), GUCY2D (12.3%),
retinitis pigmentosa GTPase regulating interacting
protein 1 (RPGRIP1 [7.8%]), and CEP290 (6.2%)
are the most frequently mutated genes in Chinese individuals [11, 12]. Among the mutated genes, CRB1,
which is located at 1q31.3 [13], encodes a transmembrane protein primarily expressed in the brain and
retina [14, 15]. LCA patients with the CRB1 mutation are characterized by thickened retinas and a lack
of distinctive retinal layering, resembling the features of an immature retina [16].
As a major gene associated with LCA, CRB1
has been reported to have 166 mutations, and the
most common mutation is the p.C948Y variant in
exon 9 [17, 18]. We report a novel mutation in the
CRB1 gene herein, which wasidentified by targeted
next-generation sequencing in a Chinese pedigree
with LCA.

,*"%&
CRB1, gene mutation, LCA, targeted next-generation sequencing, Sanger sequencing
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These images illustrate a waxy, pale-appearing optic disc. The left panel represents the right eye and the right panel denotes
the left eye. An area of hypo-pigmentation with localized bone spicule pigmentation is observed in the macular region.



containing protein 1 (IQCB1), Leber congenital amaurosis-5 (LCA5), lecithin retinol acyltransferase
(LRAT), orthodenticle homeobox 2 (OTX2), retinal
degeneration 3 (RD3), retinol dehydrogenase 12
(RDH12), RPE65, RPGRIP1, spermatogenesis associated 7 (SPATA7), tubby-like protein 1 (TULP1),
potassium inwardly-rectifying channel subfamily J
member 13 (KCNJ13), and nicotinamide nucleotide
adenylyltransferase 1 (NMNAT1). The exon amplicons were prepared for high-throughput DNA sequencing on the Illumina HiSeq 2000 platform (Illumina, San Diego, CA, USA). The mean exome coverage was > 95%. The mean exon depth approached
the median depth with a variant accuracy > 99%.

&.:42> ?2=A2:06:4 B.861.@6;: 42:;92 ?2
=A2:06:4All putative mutations identified by targeted next-generation sequencing were subsequently
validated using conventional Sanger sequencing, according to the manufacturer’s protocols (Takara Bio
Europe, Saint-Germain-en-Laye, France). The results of Sanger sequencing were analyzed by Mutation Surveyor V3.97 (SoftGenetics, State College,
PA, USA) and Chromas (Technelysium Pty Ltd.,
Tewantin QLD, Australia). To determine whether or
not the same mutations were present in the patient
and healthy controls, the 517-bp and 550-bp fragments of CRB1 from 200 healthy controls were simultaneously amplified and subjected to Sanger sequencing. 
For amplification, two primers targeting
c.1831T>C and c.1997T>A were designed using
Premier 3.0 software (http://frodo.wi.mit.edu/primer3/). The primer sequences were as follows: forward, 5’-gatggagagtggcatttcgt-3’ and reverse, 5’gcagtctggctgtttttgct-3’;
and
forward,
5’gcagaggctgtgacccttac-3’ and reverse, 5’-tttctcatcagtgggcaacc-3’, respectively. The total volume of the
reaction system was 50 μL, and contained 5 μL of

'%&! '"&

.?286:2 1.@. .:1 ?.9<86:40;8820@6;: Two
hundred three samples were collected from a child
diagnosed with LCA, the child’s parents, and 200
healthy controls admitted to the Third Affiliated
Hospital of Sun Yat-sen University in China. The 3year-old child was admitted to our hospital following
the onset of visual malfunction at 1 year of age. The
main clinical symptoms included nystagmus, sluggish papillary response, high hyperopia, dense pigment deposition, and dramatically absent ERG amplitudes, as illustrated in Figure 1. Informed consent
was obtained from the legal guardians of the child.
The study protocol was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yatsen University. Peripheral blood samples (2 mL)
were collected, frozen, transferred to the School of
Laboratory Medicine and Biotechnology at Southern
Medical University, and stored at -70°C until DNA
extraction.

'.>42@21 :2D@42:2>.@6;: ?2=A2:06:4 Genomic DNA was extracted from the venous leukocytes using standard protocols (Cat. No. 51306, QIAamp DNA Mini Kit; QIAamp, Hilden, Germany).
High-throughput DNA sequencing was applied to
screen the proband mutation. The DNA sample obtained from the child was subjected to exon mutation
screening using targeted next-generation sequencing
based on targeted exon capture technology (The Beijing Genomics Institute, Shenzhen, China). The capture panel consisted of 19 eye disease-related genes,
including aryl-hydrocarbon-interacting protein-like
1 (AIPL1), calcium binding protein 4 (CABP4),
CEP290, CRB1, cone-rod homeobox (CRX),
GUCY2D, inosine-5’-monophosphate dehydrogenase 1 (IMPDH1), IQ calmodulin-binding motif-
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10× PCR buffer (Takara, city, state, country), 1 μL
of each dNTP (10 mmol/L; Takara Bio Europe, city,
country), 0.5 μL of Taq DNA polymerase (1U;
Takara Bio Europe), 1.25 μL of forward and reverse
primers (100 ng/μL; company, city, state, country),
and 2.5 μL of genomic DNA (100 ng/μL; company,
city, state, country). Thermal cycling was performed
under the following conditions: 5 min at 95°C, followed by 35 cycles at 94°C for 30 s, 30 s at 58°C, 30
s at 72°C, and a final elongation for 7 min at 72°C.
The specificity of PCR products was determined by
1.5% agarose gel electrophoresis.





 " #!"!
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'.>42@21 :2D@42:2>.@6;: ?2=A2:06:4 No
large-fragmental deletions or duplications were detected in the gene-coding regions. Multiple synonymous or missense mutations were detected in
AIPL1, CEP290, CRB1, GUCY2D, LCA5, RDH12,
RPGRIP1, SPATA7, and TULP1. Compared with
the abovementioned databases, all mutations were
located at the polymorphic loci in high frequency.
Two
missense
mutations [c.1831T>C
(p.Ser611Pro) and c.1997T> (p.Val666Asp)] were
detected in the gene-coding region of CRB1 in the
patient, as illustrated in Table 1. The patient was
thought to be a compound heterozygote.

&.:42>?2=A2:06:4.:.8E?6?Screening of the
DNA sample from the child for c.1831T>C
(p.Ser611Pro) and c.1997T> (p.Val666Asp) revealed that c.1831T>C (p.Ser611Pro) was a pathogenic mutation inherited from the patient’s mother
Figure 2) and c.1997T>A (p.Val666Asp) was a
novel mutation inherited from the patient’s father
(Figure 3). Therefore, the affected child was a compound heterozygote for the two mutations, whereas
the parents were asymptomatic heterozygote carriers
of the mutations. These two mutations were not detected in the DNA samples of 200 healthy controls,
indicating the unlikelihood that the mutations were
polymorphisms.

&@.@6?@60.8 .:.8E?6? To identify the variants,
the mutations screened by targeted next-generation
sequencing were compared with a single nucleotide
polymorphism database (dbSNP), the HapMap database, the 1000 Genomes database, the human genome mutation database (HGMD), and related literature over the past 10 years. To predict the effect of
the mutations on the corresponding proteins and to
calculate the conservation scores, variants were annotated using PolyPhen-2 and SIFT software. Variants with a mutation frequency <1% were considered
to be suspicious pathogenic mutations. Variants
were named according to the dbSNP.
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&A99.>E;3129;4>.<560086:60.8.:142:2@609A@.@6;:?;3@52<.@62:@.:152><.>2:@?
Family
member
Proband
Mother
Father
Family
member
Proband
Mother
Father

Gender
Female
Male
Female
Gender
Female
Male
Female

Age
(years)
3
34
38
Age
(years)
3
34
38

Clinical
diagnosis
LCA
Normal
Normal
Clinical
diagnosis
LCA
Normal
Normal

Mutation 1

Exon

Nucleotide 1

Protein 1

p.Ser611Pro
p.Ser611Pro
Wild type

Exon 6
Exon 6
---

c.1831T>C
c.1831T>C
---

Ser>Pro
Ser>Pro
---

Mutation 2

Exon

Nucleotide 2

Protein 2

p.Val666Asp
Wild type
p.Val666Asp

Exon 6
--Exon 6

c.1997T>A
--c.1997T>A

Val>Asp
--Val>Asp


(% 
'.>42@21:2D@42:2>.@6;:?2=A2:06:4;3@52% 42:2>2B2.8?.52@2>;FE4;A?9A@.@6;:;30  '
<&2> #>;6:2D;:'52/8.07.>>;C6:160.@2?@528;0.@6;:;3@529A@.@6;:6:@52<.@62:@.:152>
9;@52>
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Several mutations in the CRB1 gene have been
reported, which lead to multiple retinal dystrophies,
including LCA, retinitis pigmentosa (RP), and conerod dystrophies, depending on the residual CRB1 activity and genetic background [19–21]. According to
previous reports, RP patients induced by the CRB1
mutation present with early onset of optic nerve head
drusen, nystagmus, hyperopia, maculopathy, relative
attenuation of the vessels, and a mummular type of
pigmentation in the periphery [22, 23]. CRB1 mutations have been detected in 10%-13% of LCA patients. One of the most severe non-syndromic retinal
dystrophies is characterized by blindness or severe
visual impairment from birth, nystagmus, sluggish
papillary, oculodigital reflexes, and absent ERG

#.@5;42:60.:.8E?6?Protein function affected
by c.1997T>A (p.Val666Asp) was predicted by
SIFT (<0.05) and PolyPhen-2 software (<1.00), as
illustrated in Figure 4. Based on these results, we
speculated that the c.1997T>A mutation
(p.Val666Asp) might affect protein function and
could represent a pathogenic mutation. The amino
acid conservation of c.1997 was analyzed in human,
rat, mouse, chimpanzee, and other species. In 10 species, the 666th amino acid was aspartic acid, illustrating that this genetic locus was highly conserved during evolution and probably had a vital role. The
c.1997T>A missense mutation was a novel pathogenic mutation. We further assumed that the compound heterozygous mutations of c.1831T>C and
c.1997T>A probably led to the development and
progression of LCA.
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signals [24]. Moreover, the prevalence of CRB1 mutations differs significantly among different diseases.
Specifically, the incidence of the CRB1 mutation is
10% in LCA patients, 31% in RP patients with coatlike exudative vasculopathy, and 66% in RP patients
with preserved para-arteriole retinal pigment epithelium [25].
In this study we performed targeted next-generation sequencing and Sanger sequencing to identify and verify the presence of CRB1 mutations in a
Chinese pedigree with LCA. Two suspicious pathogenic
mutations,
including
c.1831T>C
(p.Ser611Pro) and c.1997T>A (p.Val666Asp), were
shown to be associated with the risk of LCA and arranged in the compound heterozygous mutations.
After Sanger sequencing validation, we concluded
that the c.1831T>C mutation was inherited from the
girl’s mother and the c.1997T>A mutation was inherited from her father, which is in agreement with
Mendelian recessive inherited genetic regularity.
The c.1831T>C (p.Ser611Pro) and c.1997T>A
(p.Val666Asp) mutations were not detected in 200
normal controls, suggesting that these 2 mutations
do not represent polymorphisms in this population.
According to the HGMD and the dbSNP, c.1831T>C
(p.Ser611Pro) is a pathogenic mutation [26]. The
other
missense
mutation
of
c.1997T>A
(p.Val666Asp) is located in exon 6 of CRB1 and
leads to changes in the amino acid sequence, which
may alter protein function. Both PolyPhen-2 and
SIFT demonstrate that c.1997T>A (p.Val666Asp) is
probably a pathogenic mutation.


"!(&"!

Taken together, this is the first study to report
the c.1997T>A (p.Val666Asp) mutation in the
CRB1 gene. We have also shown that two compound
heterozygous mutations are responsible for the pathogenesis of LCA. Our findings in this investigation
contribute to expanding the scope of knowledge regarding pathogenic mutations of the CRB1 gene and
the spectrum of genetic variability of LCA.
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content was decreased, while other minerals were
varied, according to genotypes. Considering on
percent salt tolerance index, the highest fresh
(FWSI), dry weight (DWSI) and salt tolerance
index, were recorded from the wheat cultivar
µSelçuklu 97¶. Therefore, cultivar µ6HOoXNOX ¶
may be considered as a salt tolerant genotype and
recommended to grow under salinity region in Turkey.

ABSTRACT
Under salinity, at early growth stages such as
germination and seedlings stand embellishment of
the most of the plants is sensitive and ultimately
reduced the final yield. Therefore, high germination
rate and early vigorous growth of plant should be
preferred to grow under saline condition. In the
context, an investigation was undertaken at Plant
Physiology Laboratory, Department of Biology,
Cukurova University, Turkey under controlled
environmental condition, to evaluate the impacts of
salinity on germination, early seedling growth and
development of commercial durum wheat cultivars
and to screen out the salt tolerant wheat cultivar (s)
that are suitable to grow and expand of wheat in
Central Anatolia Region of Turkey, under different
levels of salinity. Treatments were six concentrations of salt i.e., 0, 50, 75, 100, 150 and 200 mM
NaCl and five selected durum wheat genotypes
(Triticum durum (Desf.) YL]µÇakmak 79¶, µCultivar 1252¶, µKunduru 1149¶, µ.Õ]ÕOWDQ ¶ and
µSelçuklu 97¶. Treatments were arranged in complete randomized block design with four replications in a greenhouse under control environment.
Different levels of salinity were applied every day
in each plot according to treatments, started from
the second day of sowing and continued up to harvest. The results showed that the values for the
investigated traits such as shoot, root length, fresh
and dry weight as well as their elongation rate were
significantly affected with the increasing levels of
salinity, but varied depending on cultivars and levels of salinity. Sodium (Na+) content in plant was
increased with increased of salinity levels, but K+

KEYWORDS:
Durum wheat, salinity, growth, stress, fresh weight salt
index, dry weight salt index

INTRODUCTION
Soil salinity is the one of the major limiting
factors that adversely affects the agricultural production in worldwide. According to the FAO land
and plant nutrition management service [1], over
6% (over 400 million hectares (Mha)) of the world's
land is affected by either salinity or sodicity (Table
1). Whereas, mXFKRIWKH ZRUOG¶VODQGLVQRWFXOWivated, due to significant proportion of cultivated
land is salt-affected. [1]; Table 1 also reported that
currently 230 Mha land in the world is under irrigated land, of which 45 Mha are highly saltaffected (about 19.5%) and 32 Mha (2.1%) are saltaffected with varying degrees. At the same time, [2]
projected that 50% of arable lands will be affected
by salinity by the year 2050. Similarly, [3] estimated that nearly 950 Mha land in the world are salts
affected. Similar to other region of the world, soil
salinity problem is becoming an important

TABLE 1
Regional distribution of salt-affected soils, in M hectares: Source: FAO/LPNWS, 2018 [1]
Regions

Total area (Mha)

Asia, the Pacific and Australia
Europe
Africa
Latin America
Near East
North America
Total

3,107
2,011
1,899
2,039
1,802
1,924
12,781

Saline soils
Mha
195
7
39
61
92
5
397

Mha, Million hectares

7746

%
6.3
0.3
2.0
3.0
5.1
0.2
3.1%

Sodic soils
Mha
249
73
34
51
14
15
434

%
8.0
3.6
1.8
2.5
0.8
0.8
3.4%
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seedling growth and development of commercial
durum wheat cultivars and to screen out the salt
tolerant wheat cultivar (s) that are suitable to grow
and expand of wheat in Central Anatolia Region of
Turkey, under artificially created saline conditions.

constraint on crop production in Turkey particularly
in arid and semi-arid regions [4, 5, 6] reported that
about 4.3 Mha land in Turkey is under arable, of
which 1.5 Mha are affected by arid/dry and 2.8 Mha
saline-alkaline.
Wheat is a mandatory food crop and serves as
a staple food in 43 countries [7]. Whereas, among
abiotic stresses, salinity is one of the most important that adversely effect on rate of germination,
seedling establishment, plant growth and development finally lead to decreases the yield of wheat [8,
9]. Cereals are sensitive to elevated salinity at the
germination and early seedling phase of development [10]. Salinity also inhibits plant reproduction
that it decreases spikelet number, 1000 kernel mass
and grain yield [11, 12], in addition to these effects
the growth of the leaf [13, 14]. [15, 16] found that
salinity stress decreases plant growth by inhibiting
photosynthesis, water and ion transport, through
reducing stomata conductivity and increases intracellular carbon dioxide concentration. High NaCl
levels alter nutrient uptake from the soil; decrease
P, K and Ca ions and increase Na concentration and
also inhibition of protein synthesis, enzyme activities and membrane permeability [16], and also
decreases the K+/Na+ ratio [12].
Germination is an important stage in the life
cycle of crop plants particularly under saline conditions as it is determine the degree of crop establishment [5]. [17, 18] demonstrated that the establishment stage of wheat consists of three parts:
germination, emergence, and early seedling growth
and these are particularly sensitive to substrate
salinity. Salinity leads to reduction in germination
percent, root length, callus size, coleoptile length,
and seedling growth [19]. Similarly, [20] found that
limited Na+ transport to shoot in the salt tolerant
wheat cultivar was due to a regulation of xylem
loading transporters.
Therefore, selection and development of potential salt tolerant wheat cultivars by following
breeding and biotechnical approaches in combination with adaptive management practices could to
minimize the adverse effect of salinity for sustainable wheat production under arid and semi-arid region of the world including Turkey [21]. Considering the burning issue, the present study was undertaken, to assess the impact of salt stress on existing
durum wheat cultivars and to screen out the best
salinity resistant wheat cultivar (s) that are suitable
to grow in saline prone areas.

Experimental design and treatments.
Treatments were six levels of salt concentrations
i.e., 0, 50, 75, 100, 150 and 200 mM NaCl) and five
selected durum wheat cultivars (Triticum durum
'HVI YL]µdDNPDN¶µ&XOWLYDU¶µ.XQGuru ¶ µ.Õ]ÕOWDQ ¶ DQG µ6HOoXNOX ¶ 7UHDtments were arranged in complete randomized block
design with four replications in climate room under
controlled environment. Different salinity levels
were applied to plants at every day from sowing to
harvest according to treatment.
Plant materials and their source. Five durum wheat cultivars such as µÇakmak 79¶ µCultivar
1252¶, µKunduru 1149¶, µ.Õ]ÕOWDQ¶ and µSelçuklu
97¶ cultivars were used as experimental materials.
Seeds were collected from Bahri Dagdas International Agricultural Research Institute, Turkey.
These cultivars are usually grown in Central Anatolia region of Turkey.
Experimental procedure. Before sowing,
seeds were sterilized by a vitality test, with 15%
commercial hypochlorite [22]. Also 15 cm diameter
plastic pots were filled with autoclaved sand and the
filled sands were saturated by distilled water before
seeds sowing. After that twenty five seeds for each
wheat cultivar were sown in each plastic pot.
After sowing each pot was watered equally
with modified Hoagland solution (700μM K2SO4,
100 μM KCl, 2000 μM Ca(NO3)2, 750 μM MgSO4,
200 μMKH2PO4, 100 μM FeEDTA, 1 μM H3BO3, 1
μM MnSO4, 0,2 μM CuSO4, 0,01 μM
(NH4)6Mo7O24.4H2O, 1μM ZnSO4). Then the pots
were kept in a controlled environment with 24/18
0
C (day/night) temperature, 14/10 hours (day/night)
light period, 300-350 μmol/m2s light density and
65-70% relative humidity. Six levels of salt concentrations i.e., 0, 50, 75, 100, 150 and 200 mM NaCl
salinity were applied every day in each plot according to treatments, started from second day of sowing and continued up to harvest.
Data collection. Data on germinated seeds
were counted on the third day of sowing. During
KDUYHVW UDQGRP WHQ VHHGOLQJV¶ VKRRW, root length,
fresh and dry weight as well as their elongation rate
were measured from each pot. Root and shoot samples were dried in 65 0C three days and dry weights
were noted. Percent germination rate, vigour index
[23] fresh weight and dry weight of salt tolerance
index [24, 25] were calculated according to the
following formulas: 1, 2 and 3.

MATERIALS AND METHODS
Experimental site. The investigation was undertaken at Plant Physiology Laboratory, Department of Biology, Cukurova University, Turkey
under controlled environmental condition, to determine the effects of salinity on germination, early
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1.

%

Germination

rate

sensitivity is varied depending on different levels of
salinity as well as cultivars. Germination percentage
and germination rate, as well as root and shoot
length and total seedling length of all cultivars were
decreased with increasing the salinity levels150 and
200 mM (Fig. 1). Across salinity levels, the difference between cultivars were significant for germination percentage and rate. However, among the
varieties, the highest emergence rate was observed
in the µ&XOWLYDU¶ in the highest level of salinity
IROORZHG E\ µ6HOoXNOX ¶ DQG µdDNPDN ¶ DQG
while, the lowest germination was recorded from
the cultivar µ.XQGXUX¶DQGµ.Õ]ÕOWDQ¶. It is
due to in increase the rate of salinity, resulted in
reduced the development of radicle and coleoptile
length, due to osmotic imbalance and other physiological activities inside the affected seeds.
The result of our present study also confirms
by [30], who also reported that the increase in the
levels of salinity, resulted reduced germination
percentage, seedling fresh and dry weight. Similarly, [31] also found that soil salinity leads to full
inhibits germination at higher rates. The reduction
in seed germination may be due to loss of seed
viability at higher salinity level, and delaying germination of seeds due to salinity inhibited the physiological change in seed for germination [32]. Salinity inhibits the whole growth cycle from germination to reproduction stage of wheat [33, 34]. Similar
results were also reported by [35] who demonstrated that salinity stress effect on seed germination of
wheat through limiting the water uptake of germinating seeds. Salinity stress caused considerable
delay and reduction in seed germination [36, 37].

=

Total ger min ated seeds pot-1
× 100
Total seeds sown pot-1
2.
3.

Seedling vigor index = % germination rate ×
total seedling length
Salt
tolerance
index
(%)
=

Fresh/Dry weight of stress induced plants
Fresh/Dry weight of unstress induced plants

× 100
For mineral element analysis [26], 0.2 gram
dry plant material was burned five hours in 550 0C
ash oven, then added in 0.5 ml HCl and evaporated.
Then Zn, Fe, Mn, Cu, Ca, Mg elements were read
with atomic absorption spectrophotometer, while, K
and Na were read in flame photometry and P was
measured with colorimetrically by using ascorbic
acid- molybdate reagent.
Statistical analysis. Data of the investigation
was evaluated by IBM SPSS 20 packet program
with ANOVA at 5% level of significance (3 0.05),
by using Tukey test for equal disrupt variances and
TamKDQH¶V test for non-equal disrupt variances [27,
28, 29].

RESULTS AND DISCUSSION
Percent germination of wheat cultivars as
affected by levels of salinity. In the present study,
it was noted that salt stress at germination stage of
wheat is the most sensitive that ultimately reduce
the percent, rate and duration of germination, finally reduced the grain weight of wheat. While, the

FIGURE 1
Germination percentage of wheat cultivars is affected by different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.
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FIGURE 2
Shoot, root length (mm) and their elongation rate of wheat cultivars is affected by different levels of
salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIor non-equal disrupt variances.

were found susceptible to early salinity of wheat
cultivars. In addition, other parameters also showed
similar changing trend by rising the level of salt
concentration.

Initial seedling growth of wheat cultivars is
affected by different levels of salinity. Shoot and
root length, and their elongation rate. Seedling
growth such as shoot and root length and their biomass was recorded at different levels of NaCl salinity (Fig. 2). The increase in NaCl concentrations
decreased the shoot and root length and seedling
biomass of all wheat cultivars. Despite not being
statistically important in all cultivars, root and shoot
length and their rate of elongation were decreased
due to levels of salinity and these changes caused
decreasing on total seedling length. Across salinity
levels, the differences between cultivars were significant. Plants treated with salinity produced a
considerable reduction of growth [38].
However, among the varieties, the longest
shoot and root were recorded from the cultivar
µ.XQGXUX ¶ IROORZHG E\ µ6HOoXNOX ¶ ZKLOH
significantly similar and the shortest shoot and root
were IRXQGLQFXOWLYDUVLQµ&XOWLYDU¶dDNPDk
¶ DQG µ.Õ]ÕOWDQ ¶ ,QGLFDWLQJ WKDW FXOWLYDU
µ.XQGXUX ¶ IROORZHG E\ µ6HOoXNOX ¶ ZHUH
found early salt tolerant, while other three cultivars

Total seedling length (10 seedlings) of wheat
cultivars. Similar to shoot and root length, total
seedling length of all wheat cultivars were affected
by different levels of salinity (Fig. 3). Considering
the levels of salinity, the increasing concentration of
salinity decreased the total seedling length of all
wheat cultivars. While maximum adverse effect
was recorded when 200mM concentration salinity
was induced, followed by 150mM concentration
salinity, while minimum reduction of total seedling
length was recorded in control treatment (irrigated
ZLWKRQO\IUHVKZDWHU $PRQJWKHFXOWLYDUVµ&XOWiYDU ¶ dDNPDN ¶ DQG µ.Õ]ÕlWDQ ¶ ZHUH
found highly sensitive to the maximum level of
salLQLW\ P0 ZKLOH FXOWLYDUV µ.XQGXUX ¶
DQG µ6HOoXNOX ¶ VKRZHG WKH WROHUDQW JHQRW\SHV
against all levels of salinity in respect of total seedling length (Fig. 3).
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FIGURE 3
Total seedling length (10 seedlings) of wheat cultivars is affected by different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.

FIGURE 4
Total seedling (10 seedlings) fresh and dry weight of wheat cultivars is affected by
different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.

DQGµ.Õ]ÕOWDQ¶ZHUHIRXQGKLJKO\VHQVLWLYHWRWKH
maximum level of salinity 200mM, while cultivars
µ.XQGXUX ¶ DQG µ6HOoXNOX ¶ VKRZHG WKH
tolerant genotypes against all levels of salinity in
respect of total seedling length (Fig. 4).
The reduction of shoot, root length, their elongation rate, total length of seeding as well as biomass weight is due to genetic makeup of the specific cultivar; some are sensitive to salinity and some
have inherent ability to survive under salinity stress
through altering their physiological, biochemical
and enzymatic activities. The assumption of the
study also confirmed by [39, 40] who observed seed

Total seedling (10 seedlings) fresh and dry
weight of wheat cultivars. Similar to others initial
growth parameters, total seedling fresh and dry
weight of all wheat cultivars were affected by different levels of salinity (Fig. 4). The increasing
levels of salinity decreased the total seedling fresh
and dry weight of all wheat cultivars. The maximum reduction of total seedling fresh and dry
weight was recorded when 200mM concentration
salinity was induced, followed by 150mM concentration salinity, while no reduction was found in
control treatment (irrigated with only fresh water).
$PRQJWKHFXOWLYDUVµ&XOWLYDU¶dDNPDN¶
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to germinate and emerge ability under saline conditions not only depends upon salts concentrations,
but upon various other biological reasons such as
viability of seed, seed age, dormancy, seed coat
permeability, internal inhibitors and genetic
makeup. [21] observed that percent, rate, coefficient
and vigour index of germination, as well as shoot
and root length, and seedling dry weight of all
genotypes were affected significantly due to the
different level of salinity. The increase in salinity
shortens the shoot and root ratio [41] probably due
to cause injury to embryo. Greater recovery at lower osmotic potentials has been reported by [42].
Similarly, [43] reported that seed germination of
wheat genotypes was decreased due to loss of seed
viability, seed vigor as well as altering the internal
physiological process which delaying the germination of seeds [32]. While, [44] reported that when
seeds of wheat were sown under high salinity level
that induced high oxidative stress finally reduced
that rate of germination.

found susceptible to salinity than other cultivars.
The results of our present study also similar
with the findings of [45, 46], who observed that
salinity imposes osmotic stress by Na+ and Cl- accumulation during seed germination cause cell
toxicity, resulted inhibits/reduces/slows the rate and
germination percentage, ultimately lead to decrease
the seedling vigour index of wheat cultivars. Similarly, [47] demonstrated that generally germination
under salinity water imbibition process is prevented, thereby hindering the initial process of seed
germination and decrease the seedling vigor of
wheat. [48], who conducted a laboratory experiment
with four wheat cultivars, which were induced with
different levels of salinity and found that the levels
of salt and cultivars had positive impact on germination properties. While, severity of salinity on
different studied traits were significantly varied
from cultivar to cultivar; due to different genotypic
makeup of the cultivars. Salt stress index decreased
against salt applications in safflower [49] and in
maize [50]. [40] recorded that there may not be a
significant association between salt tolerance at
germination stage and later stages of growth. Highest vigor index percentages were recorded with the
control treatment compared with other salinity
stress levels. Salt applications decreased seedling
vigor index of chicory (Cichorium intybus L.), cumin (Cuminium cyminium L.) and fennel (Foeniculum
vulgare) [51] and also two halophytic plant species
(Agropyron elongatum and A. pectiniforme) [52] as
our study. This decline can be associated with the
decrease in total seedling length and germination
rate.

Seedling vigour index of wheat cultivars.
Higher germination vigor index is an indicator of
salinity resistance of plant. Data regarding seedling
vigor index of different cultivars under the present
LQYHVWLJDWLRQ VKRZHG WKDW ZKHDW FXOWLYDU µ6HOoXNOX
¶ZDVWKH most tolerant at germination to seedling
VWDJH IROORZHG E\ FXOWLYDU µ&XOWLYDU ¶ µ&DNPDN ¶ DQG µ.XQGXUX ¶ )LJ   Whereas,
when we consider other growth parameter results
XQGHUGLIIHUHQWOHYHOVRIVDOLQLW\FXOWLYDUµ6HOoXNOX
¶ ZDV DOVR VKowed the tolerant to salinity than
RWKHU FXOWLYDUV :KLOH FXOWLYDU µ.L]LOWDQ ¶ ZDV

FIGURE 5
Seedling vigor index of wheat cultivars under different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.
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FIGURE 6
Salt tolerance index (%) for fresh and dry weight of wheat cultivars under different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.

sensitive cultivars, whereas, one barley genotype
µ7DPHODOW¶ ZLWK   was suggested to cultivate in saline soil.

Salt tolerance index (%) for fresh and dry
weight of wheat cultivars. The influence of various salinity levels on salt tolerance index (%) of
genotypes is the most important selection criteria
under salinity stress; genotype with higher value of
salt tolerance index (%), indicates the better tolerance against salinity stress [25]. As the salt concentrations increased the salt tolerance index of genotypes decreased and showed a large genotypic variation (Fig. 6). The maximum value of dry weight
salt tolerance index (DWSI) and fresh weight salt
tolerance index (FWSI) were calculated from control treatment, while the lowest value was found
from the high concentration (200mM) of salinity
treatment.
Among the genotypes the highest FWSI and
DWSI were GHWHUPLQHGIURPWKHFXOWLYDUµ6HOoXNOX
¶XQGHr the highest levels of salinity, followed by
FXOWLYDU µ.XQGXUX ¶ LQGLFDWHG WKDW WKHVH JHQotypes were tolerance against salinity. Whereas, the
lowest values of FWSI and DWSI was recorded
IURP FXOWLYDU µ&DNPDN ¶ IROORZHG E\ µ.Õ]ÕOWDQ
¶ DQG &XOWLYDU ¶ LQGLFDWHG WKDW WKHVH WKUHH
wheat cultivars were susceptible to salinity stress.
Thus, when we consider other growth parameter
results of our study, it may be commented that
µ6HOoXNOX ¶ ZDV PRUH WROHUDQW WR VDOLQLW\ WKDQ
other cultivars (Fig. 6).
The results of our present related to higher
value of salt tolerance index (%), indicates the better tolerance against salinity stress also confirmed
by [46]. Similar, [25] demonstrated that the salt
tolerance index can be used as an effective criterion
to choose tolerant genotypes. Based on this salt
tolerance index, they found two barley genotype:
µ$VQL¶ ZLWK   DQG µ$ULJ ¶ ZLWK  
were highly salt sensitive and moderate salt-

Mineral contents of cultivars. In our present
study, it was observed a similar tendency in the
levels of mineral contents (Zn, Fe, Mn, Cu, Ca, Mg,
Na, K, P and Cl) under salinity stress (Fig. 7),
whereas the accumulation of Na+ was higher than
K+ under saline conditions in all cultivars. The high
rate of Na+ accumulated was in shoots, could be
due to higher rates of net ion transported from roots
to shoots of wheat, confirm by [53].
Na+ transportation from roots to shoots was
accelerated when NaCl concentration was increased
[54]. Whereas, K+ concentration in the roots was
increased, but in the shoots and seeds relatively
decreased under increasing level of NaCl concentration [8]. [55], found that Fe, Mn and Zn contents
ZHUHGHFUHDVHGLQWZRZKHDWFXOWLYDUV¶GXHWRVDOLnity stress. In the experiment, although Zn content
VLJQLILFDQWO\ GHFUHDVHG LQ µdDNPDN ¶ H[FOXGLQJ
75m0 FRQFHQWUDWLRQ  DQG µ.XQGXUX ¶ DOO
FRQFHQWUDWLRQ  ZKLOH RWKHU FXOWLYDU¶V =Q FRQWHQW
were increased due to rising of salt concentration,
indicating that the cultivars were salt tolerant than
others. [56], documented that water and salinity
stress induced the deficiency of N, P, Ca, Mg, Zn
and NO3 together with K nutrient in wheat. Similarly, [57] found that salinity stress in wheat plants
increased the Na+ and decreased the K+ contents
gradually. In the present study, all the cultivars
accumulated different amount of Na+ and K+ contents in the shoot and root of all cultivars at all the
salinity levels, might be due to difference in dry
matter yield as well as their individual genetic
makeup. Osmotic stress, Ca and K imbalances,
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cultivars, Fe contents of other plants were increased
E\ ULVLQJ VDOW GRVHV 'HVSLWH µ.XQGXUX ¶ ZDV
affected sLJQLILFDQWO\ S RQO\E\P0VDOW
GRVHV DOO GRVHV LPSRUWDQW S  IRU RWKHUV &X
content results similar to Fe but statistically, it was
found not important that Cu content reducing in
µ.Õ]ÕOWDQ¶XQOLNH)H$OVRDFFRUGLQJWRILJXUH
a positive correlation was shown with Mn between
)H DQG &X OHYHO LQ µ&XOWLYDU ¶ µ6HOoXNOX ¶
DQG µdDNPDN ¶ DQG D QHJDWLYH FRUUHODWLRQ ZDV
VKRZQ LQ µ.XQGXUX ¶ IRU VDPH PLQHUDOV )LJ
7).

toxic effects of several ions to metabolic process as
well as salt induces oxidative damage to plant cells
are the most important and widely known physiological injuries caused by salt stress [58, 59, 60].
Salinity stress leads to reduce in seed germination
and seedling growth of plants and also, exhibited
decrease in potassium (K +) and increase in (Na+)
at high saline conditions by [61].
It is predicted that salt concentration emerged
as a water stress and decrease mineral content in
root, shoot and leaves but this judgement not acceptable for Zn and other minerals in this experiPHQW ([FHSW µ.XQGXUX ¶ DQG µ6HOoXNOX ¶

FIGURE 7
Salt tolerance index (%) for fresh and dry weight of wheat cultivars under different levels of salinity.
Bars indicated the mean (±SD), which was calculated from three replicates for each treatment and each treatment significantly different at P  E\XVLQJ7XNH\WHVWIRUHTXDOGLVUXSWYDULDQFHVDQG7DPKDQH¶VWHVWIRUQRQ-equal disrupt variances.
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[3] Taghipour, F., Salehi, M. (2008) The study of
salt tolerance of Iranian barley (Hordeum vulgare L.) genotypes in seedling growth stages.
American-Eurasian J. Agric. and Environ. Sci.
4(5), 5255.
[4] Eker, S., Comertpay, G., Konuskan, O., Ulger,
A.C., Ozturk, L., Cakmak, D. (2006) Effect of
salinity stress on dry matter production and ion
accumulation in hybrid maize varieties. Turkish Journal Agriculture and Forestry. 30, 365373.
[5] 9DUGDU<dLIFL($<D÷GL, K. (2014) Salinity Effects on Germination Stage of Bread and
Durum Wheat Cultivars. Yyu J Agr Sci. 24(2),
127-139.
[6] Guvensen, A., Gork, G., Ozturk, M. (2006) An
overview of the halophytes in Turkey. In:
Khan, M.A., Böer, B., Kust, G.S., Barth, H.J.
(eds) Sabkha Ecosystems. Tasks for Vegetation
Science. Vol 42. Springer, Dordrecht.
[7] Raza, S.H. (2005) New approach to tackling
salinity. http://DAWN.com. (Accessed on 24
August 2018).
[8] Mehmet, A., Kaya, M.D. and Kaya, G. (2006)
Effects of NaCl on the Germination, Seedling
Growth and Water Uptake of Triticale. Turkish
Journal of Agriculture. 30, 39-47.
[9] Saleh, M.A., Madany, M.M.Y. (2015) Coumarin pre-treatment alleviates salinity stress in
wheat seedlings. Plant Physiology and Biochemistry. 88, 27-35.
[10] Ghoulam, C., Fares, K. (2001) Effect of salinity on seed germination and early seedling
growth of sugar beet (Beta vulgaris L.). Seed
Science and Technology. 29, 357- 364.
[11] Ghogdi, E.A., Darbandi, A.I. and Borzuei, A.
(2012) Effects of salinity on some physiological traits in wheat (Triticum aestivum L.) cultivars. Indian Journal of Science and Technology. 5(1), 1901-1906.
[12] Zhang, X., Shi, Z., Tian, Y., Zhou, Q. (2016)
Salt stress increases content and size of glutenin macropolymers in wheat grain. Food Chemistry. 197, 516-512.
[13] Fercha, A. (2011) Some Physiological and
Biochemical Effects of NaCl Salinity on Durum Wheat (Triticum durum Desf.). Advances
in Biological Research. 5(6), 315-322.
[14] Neves-Piestun, B.G. and Bernstein, N. (2001)
Salinity-Induced Inhibition of Leaf Elongation
in Maize Is Not Mediated by Changes in Cell
Wall Acidification Capacity. Plant Physiol.
125, 1419-1428.
[15] Yahya, A. (2010) Selectivity and Partitioning
of Potassium and Sodium in Sesame. Journal of
Plant Nutrition. 33(5), 670-683.

[62] stated that higher levels of NaCl concentration increased Na+ and Ca++ level and decreased
Mg++ and K+ level in wheat. In another study for
barley [63] reported that rising salt concentration
decreased Ca++, Mg++ and K+ contents and increased Na+ level. The higher accumulation of
macronutrients in the leaves of salinized plants
might be because of the physiological mechanisms
involved in osmoregulation [64, 65]. Higher Ca++
concentration in leaves of wheat under saline conditions was also found in the previous study [66]
because of the high Ca++ content of the soil. Similar
to the previous studies, the present study also has
shown that the Ca++ and Mg++ content increased in
the cultivars µ&XOWLYDU ¶ and µdDNPDN ¶.
Whereas, cultivars µKunduru ¶ and µSelçuklu 97¶,
showed the decreasing trend of Ca++ and Mg++
levels. But, when 200mM salt stress was induced to
all cultivars, Na+ and Cl- amount in the plants of all
cultivars were considerably increased. On the other
hand increasing level of Na+, caused a decreasing
trend of K+ levels in of all studied cultivars (Fig. 7).
The inverse relationship between Na and K caused
this [67]. Although P level generally tended to decrease by upgrade of salt doses, only increased in
µ.Õ]ÕOWDQ¶.

CONCLUSION
In this study, it was observed that the values
for the investigated traits of germinations were
significantly affected by the increasing levels of
salinity, but varied depending on cultivars and levels of salinity. Sodium (Na+) content in plant was
increased with increased of salinity levels, but K+
content was decreased, while other minerals were
varied, according to cultivars. Considering on percent salt tolerance index, the highest fresh (FWSI)
and dry weight (DWSI) salt tolerance index, were
UHFRUGHG IURP WKH ZKHDW FXOWLYDU µ6HOoXNOX ¶.
Therefore, cultivar µ6HOoXNOX¶may be considered
as a salt tolerant cultivar and recommended to grow
under salinity region in Turkey.
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Dam construction in rivers has been demonstrating greatly enhanced the conversion rate of
mercury from inorganic mercury to methyl mercury
in newly flooded sediments of reservoirs compared
with natural lake sediments and would increase the
muscle mercury concentration in fish species [1-8].
It has been well documented that mercury is widely
dispersed via atmospheric transport [9, 10], which
can be accumulated in the humic horizon of soils
following wet and dry deposition [11]. After a new
reservoir formed, a large proportion of mercury
may be released from flooded soils and transported
via runoff, which has not been well documented.
Preliminary analyses indicated that mercury elevated immediately after impounding of the TGR [4,
12, 13]. Experimental studies also demonstrated
that methylmercury accumulated in fish originates
by microbial transformation of inorganic mercury
naturally present in the flooded soil and vegetation
[6]. Most importantly, the clear enhanced fish Hg
concentration in the flood and post-flood periods
could suggest that there may be a clear change in
the reservoir Hg loading in the TGR due to variation of water level. Therefore, mercury and its environment effect are of concern after the construction of reservoirs [4-7, 14, 15].
It should be note that the Hg pollution may be
a key environment problem in the Three Gorges
area. The coal using has been playing an important
role in the energy structure in Three Gorges area
[16], which also increases the risk of mercury pollution in the TGR due to long-term mercury accumulation in soils [9, 17, 18]. Again, the Wujiang
River basin locates in the global mercuriferous belt
[19], which could be a potential mercury source for
the TGR. Thus, the TGR operation would impact
the mercury cycle and environment problem significantly. However, as an important mercury species
and direct source of methylmercury, the dissolved
component has not been paid enough attention, and
no study has been constructed for mercury cycling
in the TGR since the huge dam operation. The pur-

$%#%

Formation of reservoirs in a river could result
in significant changes in water chemistry and environment risks, but the abundance variability of
mercury (Hg) in large reservoir and its influence on
the man-made lake Hg cycle were poorly documented. Water samples were collected from the
Three Gorges Reservoir (TGR) in the initial stage
of dam operation to examine the influence of reservoir operation on Hg delivery and budget of the
TGR. The results suggested that the mean concentrations of total dissolved mercury (THg) were 91
ng/L, 74 ng/L, and 89 ng/L in the main channel of
TGR, Xiangxi Bay and Daninghe Bay, respectively.
Dissolved organic mercury (OHg) was the most
abundant mercury in the TGR, accounting for 70%
- 80% of the THg (by concentration); while the
concentration of dissolved inorganic mercury (IHg)
was low and contributed for 20% - 30% of the THg.
THg contents increased significantly after 156m
impounding compared with prior operation of the
TGR. Hg released from flooded soils was one of the
main controlling factors of its distribution and outflow in the TGR based on the mass balance approach. Approximately 21% of the outflow THg
was added by the TGR flood soils due to the impounding based on a monitoring scheme in 2007, in
which OHg was the most part of the added THg due
to flooded soil release. Our results suggested that
the dam impoundment can enhance the Hg abundance, as well as Hg loading in the TGR, which
could have long-term influence on the riverine
ecosystem.
*(!#$ 
Three Gorges Reservoir, impounding, mercury, flooded
soil
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0;.>;B 7,<< -,6,8.0 Budget included the
inflow and outflow of mercury in the TGR, tributary’s inflow, mercury efflux at the soil-water interface, deposition of atmospheric mercury and human
sewage, which covers almost all influence factors
of mercury in reservoir.
The total input to the reservoir including the
inflow at Mudong (close to Cuntan), deposition of
atmospheric mercury, human sewage, mercury efflux at the soil-water interface and the lateral input
from the tributaries of the TGR must be equal to the
losses including the output at the dam. In the steady
state, the difference between the total input and
output into the reservoir system must approach zero.
Without considering mercury conversion and absorption to particle, the equation is as follows:
(1)
 +  +  +  −  = 0

pose of this study is to explore the transfer, transformation and release of riverine mercury after the
third filling stage (165 m water level above the East
China Sea) by field investigation and mass balance
approach, with focusing on the effects of damming
in recent developed hydroelectric reservoirs, which
has not been documented before. Due to the
long-term reservoir effect of Hg in the new reservoir, our study would provide a basis to analyze the
Hg cycling in the huge reservoir.
$"!%!  %!$

$=>/B <4=0 ,8/ <,7:60 .9660.=498The Three
Gorges Dam (TGD) creates a 650 km-long reservoir after its official operation, with a total volume
of nearly 39 km3 and a water area of 1100 km2 [4,
20]. The TGR marked the border between Cuntan
and the TGD with a length of 550 km, including the
backwater areas of tributaries between them during
the period of the third filling stage (since October
2006).
During 20 April to 5 May in 2007, a survey
was carried out in the TGR between the city of
Chongqing (reservoir inflow) and Zigui (reservoir
outflow). Water samples were collected for 550 km
along the main channel, starting from Zigui (a city
in Hubei) and moving upstream. Four transections,
named Mutong, Qingxichang, Wanzhou and transection before dam, respectively, were set up along
the TGR main channel. At each transection, three
sampling points (right river bank, centerline reach
and left river bank) with several layers were set up
across the river. Other monitoring points including
tributaries were located at the centerline across the
river with one to five layers in every point during a
cruise in April, 2007. Water samples were taken
using the 10 L Niskin bottle at various depths in the
TGR and its tributaries, i.e., the Xiangxi, Daninghe
and Wujiang rivers in April, 2007 (Figure 1) on
board (the R/V Changjiang Water Monitoring 2000).
Water samples were immediately filtered through a
pre-cleaned 0.45 µm membrane filter. The filtrates
were placed in pre-cleaned 100 ml polyethylene
bottles using supernatant water. Samples of filtered
water were stored at -20 oC for the determination of
mercury with several pure nitric acid added (pH<2).

Where,  and  stand for the inflow and
outflow loads,  represents the input from the reservoir tributaries and  is the human sewage,  is
the release flux at the soil-water interface.
  0;.>;B 48169@ The inflow station was
located at the Mudong transection, while the outflow site was located at the transection before the
dam (approximately 1 km distance to the dam).
Additionally, the upstream side bay concentrations
were applied to the tributaries fluxes of the TGR.
The concentrations used in the fluxes were mean
values in each transection. The concentrations of
mercury upstream of the TGR and each tributary’s
inflow and outflow were multiplied by the corresponding monthly discharges to obtain the monthly
mass fluxes of mercury into and out of the TGR. In
April 2007, the discharge of Cuntan (main channel
of the Changjiang River) and Wulong (Wujiang
River) Hydrostations over the period of study
reached 9.8 and 3.6 km3/s, respectively. The mean
values of THg, IHg and OHg in Mudong near
Cuntan and Wujiang River were used as upstream
input. The total inflow loading at the dam were the
sum of loadings across the Mudong and Wujiang
River.

  0;.>;B 9>=169@ The TGR discharge
over the period of study reached 16.3 km3/s in April
2007 in the Yichang Hydrostation. The mean values
of THg, IHg and OHg before the dam were employed to calculate the outflow loadings.

 %;4->=,;BC<70;.>;B48169@The outflow
water discharge of TGR reached 16.3 km3/s in April
2007, while the inflow discharge in the main channel was 13.4 km3/s. Thus, the lateral inputs were
calculated from the values of the discharge (2.9
km3/s) from the major tributaries into the TGR
based on the assumption that there is no significant
difference in water balance. Additionally, the upstream concentrations were applied to the tributaries of the TGR. The concentrations used in the

$,7:60 ,8,6B<4< Inorganic mercury (IHg)
was analyzed by an atomic fluorescence photometric (Beijing Titan Instruments Company Ltd,
AFS-820), with a precision of < 5%, and a limitation of 1 ng/L. THg was analyzed after digestion by
potassium permanganate and potassium persulfate.
The concentration of organic mercury (OHg) is the
difference of total dissolved mercury (THg) and
IHg. All chemicals used in this study were of guarantee reagent grade or higher purity (Sigma-Aldrich
Co. LLC, Shanghai, China).
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IHg and OHg in THg were calculated based on the
value in the main channel of TGR in this study.
Therefore, contributions of human sewage were
0.18 t/a for THg, 0.04 t /a for IHg and 0.14 t/a for
OHg. We hypothesize that seasonal variation of
human sewage is not significant due to the sparse
data set.

fluxes were mean values in Xiangxi and Daninghe
Rivers.

  >7,8 <0@,20 Human mercury sewage
is about 0.90 t/a in the TGR [21]. In this study, we
chosen that 20% of the mercury was dissolved
mercury based on Xu et al. [22]. And the ratios of

&# 
$,7:648269.,=498<48=30%3;009;20<#0<0;?94;
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4<=;4->=498 91 70;.>;B 48 =30 7,48 .3,8
806 91 =30 %3;00 9;20< #0<0;?94; IHg concentration in the main channel of the TGR varied between no determination and 45 ng/L, with an average of 15 ng/L. OHg concentration ranged from a
minimum of 2.4 ng/L to a maximum of 200 ng/L,
with an average of 76 ng/L. THg concentration
varied between 35 and 210 ng/L, with a mean value
of 91 ng/L. In the main channel of the TGR, OHg
was the most abundant mercury, on average it accounted for 80 % of the THg (by concentration),
with a range of 0-100%. The concentration of IHg
was low and contributed very little (20%) to the
THg. 
Figure 2 represents the spatial distribution of
mercury in the main channel of the TGR. IHg concentrations in surface were generally higher than
those in bottom, especially for the Wanzhou and
Wushan reach of the main channel in the TGR

0:9<4=49891,=79<:30;4.70;.>;BThe
net atmospheric inputs of water were much smaller
than the input from tributaries and the main stream.
An annual input of 0.72-1.16 km3/a was estimated
by Guo [23], which accounts for 0.01% of the total
discharge input to the reservoir and was therefore
not included in the budget. Tian et al. estimated that
coal-fired power plants from Chongqing, Sichuan
and Guizhou emit a total of 11 t/a of Hg to air in
2007 [16], which would accumulate in the humic
horizon of soils in these areas. It must be noted that,
the entire Chongqing, Sichuan and Guizhou has a
surface area about 9000 times greater than TGR [4].
Therefore, we hypothesize TGR receives a small
amount of atmospheric Hg by the way of direct dry
deposition. Of course, a fraction of accumulated Hg
from the coal-fired power plants would be carried
out to these regions by rivers and its tributaries and
ultimately enters into the reservoir, which would be
as a tributaries fraction and calculated in the budget.
Therefore, dry deposition was also not included in
this budget.
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(Figure 2a). However, longitudinal trend of IHg
was not obvious. IHg concentrations between
Qingxichang and Badong were generally higher
than other reaches of the TGR. The concentrations
of IHg nearby the TGD were lower than those of
the main channel of the TGR.
In contrast to IHg, OHg concentrations in surface were generally lower than those in bottom
(Figure 2b), especially for the Wushan reach of the
main channel in the TGR. OHg concentrations were
generally found to be lowest in the upper reservoir,
increased downstream, with concentrations often
elevated to >100 ng/L (Figure 2b). THg concentrations were similar to OHg and generally found to be
lowest in the upper reservoir, increased downstream,
with concentrations often elevated to >100 ng/L
(Figure 2c). Additionally, stratification of THg was
obvious, with concentrations increasing from the
upper layer downward to the bottom with a mean
value of 95 ng/L for surface layer, 90 ng/L for 5 m,
92 ng/L for 20 m and 97 ng/L for bottom.
Table 1 represents the mercury content in four
transections of the main channel in the TGR. A
longitudinal pattern was clear for mercury (IHg,
OHg, and THg). Both OHg and THg concentrations
were low in the upper reservoir and increased
downstream to Dam transection. IHg concentration
was generally lower in the upper reservoir of
Mutong and Qingxichang transections than in
Wanzhou IHg concentration, however, decrease of



                 !

IHg was obvious, with concentrations slightly decreasing from the Wanzhou transection downward
to the TGR dam. In general, the ratio of IHg:THg
increased gradually, while OHg:THg decreased
with the flow direction in the TGR between Mutong
and Wanzhou.
% 
98.08=;,=498<9170;.>;B48/4110;08==;,8<0.
=498<48=30>::0;74//60,8/69@0;:,;=<91=30
%3;009;20<#0<0;?94;48:;46 82
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)4,82A4 ,B IHg concentration in Xiangxi
Bay of the TGR varied between no determination
and 40 ng/L, with an average of 14 ng/L. OHg
concentration ranged from a minimum of 9.6 ng/L
to a maximum of 130 ng/L, with an average of 66
ng/L. THg concentration varied between 49 and
140 ng/L, with a mean value of 74 ng/L. In Xiangxi
Bay of the TGR, similar to the main channel of the
TGR, OHg was also the most abundant mercury in
the TGR, it accounted for, on average, 80 % (20 % 100 %) of the THg (by concentration). The concentration of IHg was low and contributed a mean value of 20 % to the THg as well. 
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Figure 3 represents the spatial distribution of
mercury in Xiangxi Bay. Xiangxi Bay is subject to
the combined influence of the Changjiang and
Xiangxi Rivers. The IHg concentration was higher
in the mouth of the Xiangxi Bay than that in the
upstream area (Figure 3a). OHg and THg showed
opposite distribution trends, with high concentrations upstream of Xiangxi Bay, decreasing gradually with the flow direction, and low concentrations
in the mouth of Bay. The concentration varied significantly in the upstream of the bay. Additionally,
it can be seen in Figure 3(b, c) that the water mass
of the tributary was transported downstream in the
upper layers, whereas the water mass of the
Changjiang flows backward to the bay through the
subsurface layers. IHg concentrations were maintained at higher levels in surface waters than bottom
waters (Figure 3a), while OHg and THg were high
in the surface and subsurface waters and relatively
low in the bottom waters.



                 !

tration of 64 ng/L. The concentration of THg in
Daninghe Bay of the TGR varied between 43 – 170
ng/L, with a mean value of 89 ng/L. In Daninghe
Bay of the TGR, OHg was also the most abundant
mercury, on average it accounted for 70 % (6 % 100 %) of the THg (by concentration). The concentration of IHg was low and contributed about 30 %
to the THg.
Figure 4 represents the spatial distribution of
mercury in Daninghe Bay. Similar to Xiangxi Bay,
Daninghe Bay is subject to the combined influence
of the Changjiang and Daninghe Rivers. The region
in the mouth of Daninghe Bay was found to have a
high concentration of IHg, the upstream area of the
bay had low concentrations (Figure 4a). OHg and
THg showed opposite distribution trends, with high
concentrations upstream of Daninghe Bay that decreased gradually with the flow direction to result
in low concentrations in the mouth of Bay. IHg
concentrations were maintained at higher levels in
surface waters than bottom waters (Figure 4a),
while OHg and THg were high in the surface waters and relatively low in the bottom waters in the
lower part of the Daninghe Bay. However, OHg
and THg showed opposite distribution trends, with
their highest concentrations found in bottom layers
upstream of Daninghe Bay.

,848230 ,B The concentration of IHg in
Daninghe Bay of the TGR varied between no determination and 45 ng/L, with an average of 18
ng/L. The concentrations of OHg in Daninghe Bay
of the TGR ranged from a minimum of 2.4 ng/L to
a maximum of 160 ng/L, with an average concen
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0;.>;B 48 =30 7,48 .3,8806 91 =30 %3;00
9;20< #0<0;?94; The inorganic mercury in the
main stream of the TGR was rather stable before
TGR impounding [12]. However, the increasing of
mercury in the TGR occurred after the operation of
the TGR. Total mercury concentrations including
particulate mercury were 280 ng/L (190 ~ 420 ng/L)
in June 2003 and 240 ng/L (160 ~ 390 ng/L) in October 2003 [24], which are significantly higher than
the value of class III in environmental quality
standards for surface water [25]. This study thus
supports the hypothesis that the construction of
TGR resulted in mercury releasing from the flooded
soil. 
The concentration of THg in unpolluted water
is generally lower than 5 ng/L [26]. However, after
a new reservoir formed, a large proportion of mercury may be released from flooded soils and transported via runoff [27]. Thus, flooded soil could be a
major source of mercury beside of point pollution
in the TGR, which would result in the increasing of
dissolved mercury in the TGR water. The mercury
concentration is 0.14 mg/kg in soils in Chongqing
City, which is much higher than the value of soil
background in China [28]. Again, the mercury concentration in the topsoil is significantly higher than
that of the background levels in China [20]. With
the water raising, large areas of soil was flooded in
the TGR, which may affect mercury cycle significantly. Along flow direction, the area of flooded
soil is increasing with the flow direction. Correspondingly, the concentration of OHg and THg increased with water flow in the beginning at Mudong, which may be an added proof of the increase
in the abundance of mercury in the TGR.
THg and IHg concentrations followed the order Daninghe Bay > main channel of the TGR >
Xiangxi Bay; and OHg concentration ranked in the
order of main channel of the TGR > Xiangxi Bay >
Daninghe Bay. This indicated that important differences existed between the main channel and its
tributaries in the TGR. The water mass coming
from the main channel was predominantly partitioned to the bay (with an average of 76% in
Xiangxi Bay and 73% in Daninghe River, respectively) [12]. The water mass from the main channel
was predominantly partitioned into the bays, which
may increase the mercury level in side bays in the
TGR. For example, it can be seen in Figure 3 that
the OHg and THg of the tributary was transported
downstream in the upper layers, whereas the OHg
and THg of the Changjiang flows backward to
Xiangxi Bay through the subsurface layers. Therefore, the water mixing between the main channel
and its tributaries played a critical role in controlling the distribution of mercury to these bays in the
TGR.

(>54,82 #4?0; The concentration of IHg in
the Wujiang River varied between 7.1-27 ng/L,
with an average of 15 ng/L. The concentrations of
OHg in the Wujiang River ranged from a minimum
of 64 ng/L to a maximum of 94 ng/L, with an average concentration of 75 ng/L. The concentration of
THg in the main channel of the TGR varied between 76 -100 ng/L, with a mean value of 90 ng/L.
In the Wujiang River, OHg was the most abundant
mercury in the TGR as well, on average it accounted for 84 % of the THg (by concentration). The
concentration of IHg was low and contributed about
of 16 % to the THg budget.
>/20= 91 70;.>;B 48 =30 %3;00 9;20<
#0<0;?94;   0;.>;B 48169@ In April 2007,
mean values of THg, IHg and OHg at Mudong near
Cuntan were 67 ng/L, 5.1 ng/L and 62 ng/L, respectively. And in Wujiang River, they were 90 ng/L, 15
ng/L and 75 ng/L, respectively. Thus, the total inflow loading at the dam were 1.0 t/month for THg,
0.1 t/month for IHg and 0.9 t/month for OHg in
April 2007.

  0;.>;B 9>=169@ Mean values of THg,
IHg and OHg before the dam were 94 ng/L, 12 ng/L
and 81 ng/L, respectively. The total outflow loading
at the dam were 1.5 t/month for THg, 0.2 t/month
for IHg and 1.3 t/month for OHg in April 2007,
respectively.

 %;4->=,;BC<70;.>;B48169@The concentrations used in the fluxes were mean values in
Xiangxi and Daninghe Rivers, with a value of 74
ng/L, 1.8 ng/L and 72 ng/L for THg, IHg and OHg,
respectively. And the total tributary’s inflow loads
at the dam were 0.2 t/month for THg, 0.005 t/month
for IHg and 0.2 t/month for OHg in April 2007,
respectively.

  >7,8 <0@,20 The total human sewage
loads at the TGR were 0.02 t/month for THg, 0.003
t/month for IHg and 0.02 t/month for OHg in April
2007 based on the monthly average value. 
The budget results indicated that the release
fluxes of THg, IHg and OHg were 0.3 t/month, 0.09
t/month, and 0.2 t/month, respectively, in the TGR,
which represented 21 % of THg, 45 % of IHg and
16 % of OHg of the total outflow in the TGR in
April 2007, respectively. That is to say, after the
third filling of the TGR, approximately 21 % of the
inflow loading of THg was added by the TGR
flooded soils based on a monitoring scheme in
2007.
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the TGR. Budget indicated that the main controlling
factor was mercury released from flooded soils in
the TGR. After the third filling of the TGR, approximately 21 % of the outflow THg was added by
the TGR flood soils due to impounding based on a
monitoring scheme in 2007, in which IHg was the
most part of the added THg due to flooded soil
emission.
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SULFIDE (FeS) NANOPARTICLES AND EVALUATION
THEIR APHICIDAL ACTIVITY ON THE GREEN PEACH
APHID MYZUS PERSICAE (HOMOPTERA: APHIDIDAE)
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potato, pepper and weeds reported as hosts for GPA
in Jordan by [2]. The green peach aphid acts as a
phloem feeder and plays a critical role in viral disease transmission for some vegetable and fruit crops,
around one hundred plant viruses known to be transmitted by GPA [1]. It is well known that the GPA
has short life cycle and rapidly develop resistance
against chemical insecticides. Therefore, control of
such a pest is becoming increasingly difficult according to developing of resistance against chemical
insecticides such as carbamates, organophosphates,
and the synthesized pyrethroids [3]. The potential
uses and benefits of nanotechnology are enormous.
These include management of insect pests through
the formulations of nanomaterials-based insecticides
[4, 5]. Nanotechnology represents such an alternative. The environmental fate and efficacy of nanopesticides formulation was summarized by [6].
Nanoparticles (NPs) loaded with neem, Azadirachtaindica extracts formulated as colloidal suspension
and (spray-dried) powder, showed 100% larval mortality against the diamondback moth, Plutellaxylostella[7]. A nano-gel prepared from the pheromone
methyl eugenol using a low-molecular mass gelator
was found to be suitable for an effective management of fruit fly,Bactrocera dorsalis[8]. Nano sized
iron sulfide was successfully synthesized via a simple hydrothermal method [9]. However, different
routes and methods have been developed to synthesize iron sulfides nanoparticles; such as solvothermal
process [10, 11], polyol mediated process [12], microbial synthesis [13], hydrothermal synthesis [9],
sulfurization of hematite nanowires[14] and chemical precipitation method [15, 16, 17]. The extensive
use of chemical pesticides in agriculture was leading
to the accomplishment of agri-food production targets. But, have the serious concern for environment
and human, which deteriorating the soil health, nutritional quality of food and increasing resistance in
phyto-pathogens and pests. Nanotechnology provided the sustainable solution in this regard by development of nano pesticide as summarized by
Chhipa [18].

ABSTRACT
In this study, the green route method for of iron
sulfide (FeS) nanoparticles was used. The iron sulfide nanoparticles synthesized using sodium sulfide
nonahydrate (Na2S.9H2O) and ferrous chloride tetrahydrate (FeCl2.4H2O) in combination with Artemis
herba-alba leaves extract as reducing and stabilizing
agent. Biosynthesized iron sulfide nanoparticles
were characterized and documented via Fourier
transmission infrared spectroscopy (FT-IR), X-ray
diffraction (XRD), transfer electron microscope
(TEM) and UV-vis absorption spectroscopy (UVvis). The functional groups for the Artemis herbaalba leaves extract were also determined using FTIR analysis. The morphology of biosynthesized iron
sulfide nanoparticles was spherical in shape with
size around 40 nm. The toxicity of green synthesized
FeS NPs against the green peach aphid was evaluated. The results revealed that these nanoparticles
were effective in increasing mortality percent of the
green peach aphid with increasing concentrations in
ppm. The LC50 was also determined and reported.
LC50 for biosynthesized iron sulfide nanoparticles
was 251 ppm and 302 ppm against the early and late
nymphal instars of the green peach aphid. In conclusion, the biosynthesized iron sulfide nanoparticles
would be promising tools to be implemented in integrated pest management of green peach aphid but
needed further works at the field level.

KEYWORDS:
Iron sulfide nanoparticles, Green peach aphid, Artemisia
herba-alba, characterization, Toxicity.

INTRODUCTION
The GPA infests more than 40 crop families
including vegetables, ornamental and fruit crops that
grown either in the field or in greenhouses [1]. The
GPA has wide host plants such tobacco, tomato,
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Characterization of FeS nanoparticles. The
synthesized FeS NPs was characterized by different
techniques such as Fourier transform infrared spectroscopy (FT-IR, Shimadzu, IR-Prestige-21) spectrophotometer, the crystalline structure of the nanoparticles were characterized by X-ray powder diffraction (XRD, Shimadzu, XRD- ZLWK &X.Į
UDGLDWLRQȜ cRYHUDZLGHUDQJHRI%UDJJ
angles (RșR 7KHPRUSKRORJ\DQGVL]H
distribution of synthesized FeS nanoparticles was
done using Energy-dispersive spectroscopy (EDS)
and transmission electron (TEM, Hitachi 7600 machine) were also used in characterization. UV-vis
spectrum (Schimadzu 1601 spectrophotometer) of
nanoparticles was recorded, by taking 0.1 ml of the
sample and diluting it with 2 ml deionized water, as
a function of time of reaction in the wave length region 200 to 700 nm operated at a resolution of 1 nm.

FeS based minerals are a particularly important,
viable reactive medium, which displays higher reactivity than zero-valent iron in the reductive dechlorination of chlorinated hydrocarbons [19]. Nanosized FeS particles are expected to exhibit much
higher reactivity because of their larger surface area
than bulk particles [19].
The aim of this study to evaluate the effectiveness of the nanoparticles on the green peach aphid
particularly with the increasing of concentrations.
The biosynthesized iron sulfide nanoparticles would
be promising tools to be implemented in integrated
pest management of green peach aphid.

MATERIALS AND METHODS
Chemicals. Ferrous chloride tetra hydrate
(FeCl2.4H2O; 98%, M.wt, 198.81) and sodium sulfide nonahydrate (Na2S. 9H2O; 98%, M.wt, 240)
were purchased from Sigma-Aldrich and used without further purification, de-ionized distilled water
(DDW) was used in all experimental works. Alsheh,
Artemisia herba-alba extract was prepared and used.

Aphidicidal Effect of Synthesized Fe2O3NPs
on the Green Peach Aphid. Host plant rearing
and GPA cultures. Sweet pepper Capsicum spp
transplants were planted in 15-20cm pots amended
with 1:1 soil and Patmos. Transplants were irrigated
every other day and fertilized by N.P.K as needed.
To keep pepper transplants from the other insect infestation, they were placed in wooden cages with
fine mesh screen. Continuous transplants were provided as needed for aphid culture establishment and
maintenance under green house conditions at the
University of Jordan; The conditions were (25-&Û
and 60% relative humidity (R.H%)) for the GPA establishment.
The green peach aphid was cultured on pepper
plants in the growth chamber under lab conditions
(20-24C and 16L: 8D photoperiod) to get high population of the GPA. New pepper transplants were
provided as needed. The green peach aphid was
reared for many generations on pepper plant before
used in the study.

Artemisia herba-alba Extract Preparation.
Leaves of Artemisia herba-alba Asso (Asteraceae)
were collected from Shouback Agricultural Station
in Shouback, south of Jordan. 15 g of fresh leaves of
Artemisia were washed using running tap water to
remove the possible impurities, and then air dried for
one to two weeks to completely remove any residual
moisture and finally, crushed and grounded to give
fine powder. A sample of 1 g was prepared for functional group determination using FT-IR. Sample of
10 gm of Artemisia leaves were crushed and heated
in 500 mL de-ionized distilled water (DDW) using
500 mL an Erlenmeyer flask, continuously stirred
magnetically for 15 minutes, cooled and filtered using Whatman filter paper No.1 to obtain aqueous
green extract. The extract residues were kept at room
temperature in a glass stopper bottle for further research works.

Toxicity of iron sulfide NPs on the GPA. Different concentrations of FeS NPs from the stock solution (3400 ppm) were prepared in 500 mL final
volume. Dipping method adopted by Simon [20] was
followed in the study, in which infested leaves of the
pepper plants by GPA (50- 60 apterous aphid individuals) were used. Leaf disks were dipped in each
concentration for 5 sec then placed in 9 cm Petri
dishes lined with wetted filter paper. The Petri dish
was covered by led with vitalization holes were
placed under lab conditions (16 L: 8 D regime and
20-Û& (DFKFRQFHQWUation was represented by 5
replicates. Individuals of the GPA were grouped in
two groups representing 1st and 2ednymphal instars
named "early instars" as group one and 3ed and
4thnymphal instars named "late instars" as the other
group. Mortality percents were calculated for three
time periods; 24 hr, 48 hr and 72 hr after the treatment. Mortality assessment was done under

Green Synthesis of Iron Sulfide (FeS) Nanoparticles. In a typical reaction, 4.8g of sodium sulfide (Na2S. 9H2O) were dissolved in 250 mL de-ionized water under continuous stirring at room temperature (27oC). Afterwards, 10ml of aqueous extract of
Artemisia was added drop by drop to sodium sulfide
solution. Color of the mixture Na2S / Artemisia was
changed to deep green color. Then 2.5 gm FeCl2 /200
mL de-ionized water solution was added drop by
drop to the mixture of Na2S / Artemisia extract. fast
change in the color of the mixture within 1 min to
deep black color occurred, indicating the formation
of iron sulfide nanoparticles. The obtained nanoparticles was washed several times with DDW and
stored for characterization.
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ascribed to the stretching mode of CH3 and CH2. The
peak located at 1739 cm-1could be assigned to the
C=O stretching in the carboxyl or C=N bending in
the amide groups. Peak at 1612 cm-1 is characteristics
to ±NH stretch of primary amines. Peaks at 1442 cm1
and 1230cm-1are characterized ±NH in secondary
amines, aromatic ±CH stretching vibrations, and CC-N amines. Strong peak at 1064 cm-1 indicated the
stretching vibration of (NH)±C-O group. Peaks at ~
621 cm-1 refers to O-C=O bending in carboxylic acids, N-C=O, and C-N-C bending mines. FT-IR spectrum of synthesized FeS NPs. Figure (2) showed
strong bands at 671-428 cm-1 which is attributed to
the vibrations of elongation and of deformation of
vibratory FeS. The broad absorption peak at 34793321 cm-1 corresponds to O-H stretching mode arising from the absorption of water on the surface of
FeS NPs. The structural changes in FT-IR spectra indicated that the capping and stabilization of iron sulfide nanoparticles via the coordination with OH, NH, C=O, C=N. The physicochemical properties of
Artemisia herba-alba leaves extract act as capping
agent and prevents the NPs formed from aggregation
as described by several authors [13, 21].

dissecting binocular microscope based on lack of antenna and/ or leg movements when touched with the
fine brush.
Statistical Analysis. All the data collected are
subjected to SPSS program (version 20) and used to
obtain the LC50, LC90, 95% confidence limits (CL),
L.E.P.R (line estimated by probit regression, slope ±
SE , and Chi square. analysis of variance (ANOVA)
was also done. The LSD was used to separate between means at 5% probability level.

RESULTS AND DISCUSSION
Characterization of Iron Sulfide (FeS NPs).
Artemisia herba-alba and iron sulfide nanoparticles FT-IR analysis. FT-IR spectrum of Artemisia
herba-alba, (Figure 1) showed a number of peaks
thus reflecting its complex nature. Strong broad absorption band at 3383 cm-1is characteristic of the alcohol/phenol ±OH stretching vibration, carboxylic
acid ±OH stretch and N-H stretching of amides. Absorption bands at 2924 cm-1and 2850 cm-1 can be

FIGURE 1
FT-IR of A-herba alba leaves extract

FIGURE 2
FT-IR of synthesized FeS NPs.
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FIGURE 3
UV-vis Spectrum of synthesized FeS NPs and plant extract

FIGURE 4
XRD pattern of synthesized FeS nanoparticles.

value from 0.9 to 1. There is No sharp crystalline
peaks were present in the diffractograms of the synthesized FeS nanoparticles, indicating that the synthesized FeS nanoparticles had a low degree of crystallinity these results come in agreement with that reported by [16, 17].

Iron sulfide NPs UV-vis spectroscopic analysis. The surface plasmon vibrations (SPR) of iron
sulfide NPs produced a peak centered around 312
nm, (Figure 3 ). No UV-Vis peaks appeared due to
the aqueous extract of A.herba-alba leaves.
Iron sulfide NPs XRD analysis. XRD profile
of green synthesized iron sulfide nanoparticles(Figure 4), indicated the coexistence of two different
VWUXFWXUHV 7KH GLIIUDFWLRQ SHDNV DW ș   o,
15.96o, and 30.24o correspond to the (011), (111),
and (102), respectively, which indicate the presence
of FeS nanocrystals (JCPDS File No. 76-0964). The
average particle size was calculated using the
Debye-Scherrer equation
' .ȜȕFRVș
Where D is the mean diameter of nanoparticles,
ȕLVWKH IXOO ZLGWKDWKDOI-maximum value of XRD
GLIIUDFWLRQOLQHVȜLVWKHZDYHOHQJWKRI;-ray radiaWLRQVRXUFHQPĬLVWKHKDOIGLIIUDFWLRQDQ
gle ±Bragg angle and K is the Scherrer constant with

Iron sulfide NPs TEM and EDS analysis.
Typical TEM micrograph for as prepared FeS NPs is
shown in Figure 5. The TEM micrograph clearly
showed nanostructure homogeneities with spherical
morphologies of FeS NPs. The TEM observation
Figure (5) showed the nanospherical with an average
diameter of 40 nm. This slight deviation of the particle size estimation compared to that calculated from
XRD analysis can be attributed to the deviation of
the spherical shape of the particles that is required
for the Debye±Scherrer formula and the detection
limit of the XRD diffractometer. Energy-dispersive
X-ray spectroscopy (EDS) profile of the synthesized
iron sulfide nanoparticles is illustrated in Figure (6).
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FIGURE 5
TEM images of synthesized FeS NPs using U. temontosa leaves aqueous extract.

FIGURE 6
EDS analysis of synthesized FeS NPs.

Effect of green synthesized iron sulfide NPs
on GPA. Toxicity of iron sulfide NPs on GPA. In
toxicity bioassay experiments, Tables (1 and 2) represent the effect of iron sulfide FeS NPs on the two
grouped nymphal instars of the GPA in term of mortality percent with three time periods, respectively.
The results showed increasing in mortality % with
the increase in concentrations of FeS NPs and with
increase in the time periods on both nymphal groups
of the green peach aphid. For instance, the higher
concentration (1000 ppm) showed higher mortality
against both early (81.6%) and late (76.6%) nymphal
instars after 24 hr compared with the other concentrations at the same period (Tables 1 and 2). These
percents of mortality increased with time to 100%
for early and late stages, after 72 hr of treatment.
There were significant differences among concentrations on their effects on the two categories of the
GPA based on one way ANOVA analysis and LSD

means separation. The means difference of (FeS
NPs) concentrations against early and late nymphal
instars of the GPA were significant. Significances
levels were (0.21) and (0.05) for early and late instars, respectively (Table 3). Also, mortality % of
both categories of aphid treated with all concentrations was significantly higher than the two controls
treatment. The effect of all concentrations against
early and late nymphal instars was higher than the
aqueous extract effect as represent in (Tables 1 and
2). Plant extract effect was close to control effect and
had no significant differences in their effect either on
early or late nymph instars of GPA. Artemisia herbaalba aqueous extract as control, effect was agreed
with that reported by Billal et al. [22]. They mentioned that the highest concentration (10%) of aqueous Artemisia extract had no significant insecticidal
effect against the green peach aphid after 24 hr; the
mortality percent was around 8%.
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TABLE 1
Means mortality percent (%) of early nymphal instars of the green peach aphid at different
concentrations of FeS NPs under laboratory conditions.
Concentration (ppm)
Mortality % ± SE after
50
100
200
400
600
800
1000
Control (water)
Control (extract)

24h
21.4g ± 0.7
36.0f ± 1.4
44.6e ± 0.8
53.0d ± 0.3
65.6c ± 0.2
74.2 b ± 0.5
81.6a ± 0.9
2.0 h ± 0.3
2.8 h ± 0.5

48h
30.6g ± 0.3
48.0f ± 0.9
58.8e ± 0.7
68.0d ± 0.9
81.4c ± 0.9
89.2b ± 0.8
95.2a ± 0.8
5.2 h ± 0.4
5.8 h ± 0.6

72h
46.0f ± 0.6
66.2e ± 0.4
72.6d ± 0.9
85.2c ± 0.6
96.0b ± 0.5
100a ± 0.0
100a ± 0.0
6.6 g ± 0.2
7.4 g ± 0.4

Means in the same column sharing the same letter did not differ significantly using LSD test at 5% probability level.

TABLE 2
Means mortality percent (%) of late nymph instars of the green peach aphid at different concentrations of
FeS NPs under laboratory conditions.
Concentration (ppm)
Mortality % ± S.E after
24h
48h
72h
50
19.4f ± 0.5
32.4f ± 1.3
48.8f ± 0.9
100
33.6e± 0.4
46.2e ± 0.5
59.8e ± 0.5
d
d
200
45.4 ± 0.9
53.6 ± 1.4
67.6d ± 1.4
400
61.8 c ± 1.1
75.2c ± 0.7
48.4c ± 0.6
b
b
600
79.6 ± 1.2
89.0b ± 0.6
62.4 ± 0.9
800
75.4a ± 1.1
88.6a ± 1.6
100a ± 0.0
1000
91.0a ± 1.8
100a ± 0.0
76.6a ± 0.4
g
g
Control (water)
4.6 ± 1.5
6.2 g ± 1.4
1.6 ± 0.5
Control (extract)
3.6 h ± 0.2
6.6 g ± 0.9
7.4 g ± 0.6
Means in the same column sharing the same letter did not differ significantly using LSD test at 5% probability level

TABLE 3
Regression analysis of magnetite (FeS) NPs toxicity against the early and late nymphal instars of the green
peach aphid using dipping method under lab conditions.
Nymphal
ChiLC50
95% CL
L.E.P.R
Slope
Treatment
instar
square
ppm
group
Early
251
124-268
Y=-1.17X+2.19
0.94
8.3
FeS NPs
late
302
153-329
Y=-1.12X+2.22
0.89
6.7

was also represent goodness of fit (high correlation)
between concentrations used and the mortality percents at 0.05 probability level. Chi-square shows low
values at 0.05 probability level against early (Table
3) and late nymphal instars (Table 3) of the GPA after 24 hours respectively (Figures 7 and 8).

Mortality percents were plotted against the concentrations of FeS NPs that were tested to get log
dosage ±probit mortality curves as shown in Figures
7 and 8. The linear estimated and the slope of regression line is presented in (Table 3). The Probit regression analysis using SPSS version 20 results determined the estimated LC50. The estimated LC50 of
FeS NPs against early and late nymphal instars of the
green peach aphid was 251ppm and 302 ppm, respectively (Table 3). Estimated Chi-square analysis
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FIGURE 7
Log dose-probit mortality line for FeS NPs against the early nymphal instar of the green peach aphid
after 48 hr using the dipping method

FIGURE 8
Log dose-probit mortality line for FeS NPs against the late nymphal instar of the green
peach aphid after 48 hr using the dipping method
aphicidal activity against the green peach aphid under laboratory condition. The synthesized FeS NPs
could be promising to control of the green peach
aphid as an alternative to the insecticides in the IPM
programs or in the organic culture. The aphicidal activity at field level and the fate of these NPs in an
environment may need further future studies.

CONCLUSIONS
In this study, FeS NPs have been successfully
synthesized using Artimisia herba-alba extract, as
capping and stabilizing agent. Biosynthesized FeS
NPs was confirmed by XRD and TEM measurements. The morphology of biosynthesized iron sulfide nanoparticles was spherical in shape with size
around 40 nm. The biosynthesized FeS NPs showed
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ENERGY BALANCE AND ENERGY ECONOMICS ANALYSIS
OF BEEKEEPING PRODUCTION:
A CASE STUDY FROM TURKEY
Adem Aksoy*, Okan Demir, Nuray Demir
Ataturk University, Faculty of Agriculture, Department of Agricultural Economics, Erzurum, Turkey

an important input for all agricultural production. In
recent years, energy assessment studies had been
performed to determine the energy effectivity over
past amongst the agricultural producing process. For
this purpose, energy coefficients such as energy efficiency ratio and specific energy have been calculated and the energy sources have been subjected to
such as direct indirect, renewable and non-renewable
energy. The economical utilization of energy is one
of the primary necessities of sustainable agriculture.
In recent years, the studies have aimed to raise the
efficiency of energy use in agriculture. In terms of
energy, agricultural activities that can be done physically and economically effectively will be sustainable. The practices of sustainable agricultural production depend on improving the efficiency policies
with the energy balance analysis of the production
activity. In different parts of the world, energy studies have been conducted on different agricultural
products [5-21].
The aim of this study is to evaluate the energy
balance and energy economic analysis in beekeeping
production. In this study, the input and output energy
RIKRQH\SURGXFWLRQLQ(U]XUXP$÷UÕ.DUVUHJLRQV
of Turkey were calculated and energy indexes, the
most regularly used inputs and their effects coefficients in yield were investigated.

ABSTRACT
In this study materials include survey results
which have been applied to 182 beekeeping enterSULVHVLQ(U]XUXP.DUVDQG$÷UÕSURYLQFHVEnergy
balance and economics were analyzed to reveal the
energy efficiency of beekeeping production. According to the survey results, the energy requirement
per hive in beekeeping production is 158.78 MJ. The
biggest share in input energy is sugar. At the end of
beekeeping production, the average energy output
per hive is 152.49 MJ. The results of the research,
11.85 kg honey, 130.51 gr pollen and 5.06 gr royal
jelly per hive were obtained. 98.85% of total energy
output is obtained from honey production. The energy efficiency coefficient is 0.96, the specific energy coefficient which represents the amount of energy required to produce one kilogram of product is
13.40 and the energy productivity coefficient is
0.075.

KEYWORDS:
Energy economics, beekeeping production, Turkey

INTRODUCTION
Beekeeping is an agricultural activity known
since ancient times and spread almost all over the
earth. Honey is the maximum essential primary
made of beekeeping both from a quantitative and a
financial point of view. It became additionally the
primary bee product used by humankind in historic
times. The history of the use of honey is parallel to
the history of man and indefinitely every culture
proof may be located of its use as a food supply and
as an image hired in religious, magic and healing ceremonies [1-3].
As indicated by the FAO statistics for the year
2016, the world honey production is 1 786 999 tons.
The aggregate honey production in Turkey is around
105 532 tons. Of the world's total production of
honey, it is delivered by Turkey 5.91% and positions
second after China [4].
Agriculture is an energy consumer as well as an
energy supplier in the form of bio-energy. Energy is

MATERIALS AND METHODS
Method and Data Collection. Main materials
of the study were randomly collected through a survey of 182 beekeeping producers in Erzurum, Kars
DQG$÷UÕSURYLQFHV:HGHWHUPLQHGWKHHQWHUSULVHV
on which survey has been applied with Purposive
Sampling Method. In this region, human labor, drug,
sugar, and electricity were recorded as inputs, and
honey, pollen and royal jelly were noted as output
for the beekeeping enterprises. The quantity of the
various inputs used and the production outputs were
calculated per hives, based on the data obtained from
the survey.
The secondary data of the study is obtained
from Turkish Statistical Institute (TSI), websites and
relevant studies. The physical units of agricultural
inputs and outputs were transformed to energy
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TABLE 1
Energy equivalents of inputs and outputs in honey production
Input
Human Labor
Electricity
Drug
Sugar
Output
Honey
Pollen
Royal jelly

Unit
H
kW h
kg
kg

Energy Equivalent (MJ unit-1)
1.96
11.93
13.64
15.4

References
[9, 11, 22]
[12, 23-26]
[21]
[21, 27]

kg
kg
kg

12.72
13.22
6.70

[19-21]
[28]
[29]

TABLE 2
Energy inputs and outputs in beekeeping production
Item
1.Direct energy
Human labor
Electricity
2.Indirect energy
Drug (Amitraz)
Sugar
Total energy input
3.Energy output
Honey
Pollen
Royal Jelly
Total energy output

Unit
MJ/ha
h
kW h
MJ/ha
gr
kg
MJ/ha

Quantity per hive

kg
gr
gr
MJ/ha

11.85
130.51
5.06

16.04
0.05
0.0106
8.23

Total energy equivalent (MJ hive-1)
32.04
31.44
0.60
126.74
0.15
126.74
158.78

(%)
20.2
19.8
0.4
79.8
0.1
79.8
100.0

150.73
1.73
0.03
152.49

98.85
1.13
0.02
100.00

budget analysis was used to calculate operating costs
[9]. Costs and returns of different energy input
sources used in beekeeping production were analyzed to understand the nature of inputs in relation to
their energy content. Also, energy benefit-cost ratio
was analyzed to reveal the energy efficiency of beekeeping production. Energy benefit-cost ratio was
calculated with the following equation:

units. The energy equivalents of agricultural inputs
and outputs in honey production are given in Table
1.
Energy balance. The energy sources used in
beekeeping production were calculated as direct and
indirect interventions. In the agricultural sector, direct and indirect energy types based on the available
sources are widely used. The direct energy sources
consist of manpower, fossil fuels, electricity; while
indirect energy sources comprise chemicals and machinery [8-11, 30, 31].
Energy balances estimations for honey production were performed by using the following criteria
[10, 16, 18, 32, 33]:

 ݐ݂ܾ݅݁݊݁ݕ݃ݎ݁݊ܧെ ܿ݅ݐܽݎݐݏ
 ݏ݊ݎݑݐ݁ݎݏݏݎܩሺܶܮΤ݄݅݁ݒሻ
ൌ
ܶݏݐݏ݈ܿܽݐሺܶܮȀ݄݅݁ݒሻ

In the calculation of net returns, expenditure
items such as transportation, land lease, and interest
were not taken into consideration. Gross returns
were calculated by multiplying the yield (kg) with
the average price and by taking the main product and
the by-product into account. Net returns over variable costs are calculated by subtracting total variable
input costs:

݅ݐܽݎݕ݂݂ܿ݊݁݅ܿ݅݁ݕ݃ݎ݁݊ܧሺܴܧܧሻ
ݐݑݐݑݕ݃ݎ݁݊ܧሺି ݁ݒ݄݅ܬܯଵ ሻ
ൌ
ݐݑ݊݅ݕ݃ݎ݁݊ܧሺି ݁ݒ݄݅ܬܯଵ ሻ

ܰ݁ ݏ݊ݎݑݐ݁ݎݐሺܶܮΤ݄ܽሻ
ൌ  ݏ݊ݎݑݐ݁ݎݏݏݎܩሺܶܮΤ݄݅݁ݒሻ
െ  ݐݑ݂݊݅ݐݏܥሺܶܮΤ݄݅݁ݒሻ

ܵݕ݃ݎ݂݁݊݁ܿ݅݅ܿ݁ሺି݃݇ܬܯଵ ሻ
ݐݑ݊݅ݕ݃ݎ݁݊ܧሺି ݁ݒ݄݅ܬܯଵ ሻ
ൌ
ݐݑݐݑݕ݁݊ܪሺ݄݇݃݅ି ݁ݒଵ ሻ
ݕݐ݅ݒ݅ݐܿݑ݀ݎݕ݃ݎ݁݊ܧሺ݇݃ିܬܯଵ ሻ
ݐݑݐݑݕ݁݊ܪሺ݄݇݃݅ି ݁ݒଵ ሻ
ൌ
ݐݑ݊݅ݕ݃ݎ݁݊ܧሺି ݁ݒ݄݅ܬܯଵ ሻ

RESULTS AND DISCUSSION
Energy input and total energy outputs of honey
production are presented in Table 2. In research region, beekeeping activities begin at the mid of May
and finish about mid of September. The wintering
bees are generally carried out in the current region.
The total energy input and output were 158.78
MJ hive-1 and 152.49 MJ hive-1 for honey production, respectively. In honey production, 79.8% of the
total energy use is obtained from indirect energy

Energy benefit-cost analysis. Modern agriculture requires an energy input at all stages of agricultural production such as irrigation, tillage, and harvest, where energy is used directly, and mineral fertilizers and pesticides, where energy is indirectly
used [34]. Energy prices affect the cost of production
of agricultural products. In this study, single product
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The energy productivity coefficient explains
the amount of product that can be produced by a unit
energy input. The energy productivity coefficient
was found as 0.075 in this study, and it means that
0.075 kilograms of honey can be produced with one
unit of energy.
In agricultural production, the results of the
studies considering the amount of energy alone are
not sufficient for energy analyses because energy
costs should also be assessed. In this context, energy
costs in beekeeping production are presented in Table 4. The total energy input cost per hive in beekeeping production was 273.6 Turkish Liras. The
highest cost element is human labor force (87.9%).
Energy benefit-cost ratios are shown in Table
5. In this study, for beekeeping production in research area, the energy benefit-cost ratio was 1.87,
the gross return was 512.4 TL per hive and net return
(gross margin) was 238.8 TL. This coefficient explains the gross return for per unit of input energy.
The gross return obtained for per unit output energy
was 3.36 TL and the net return was 1.57 TL. Gross
return per unit input energy was 3.23 TL and net return was 1.50 TL.

sources, while 20.2% is obtained from direct energy
sources. In the study area, an average of 16.04 hours
human labor, 0.05 kWh electric energy, 0.0106 gr
drug and 8.23 kg sugar are used per hive. The highest
input energy in beekeeping production is due to the
use of sugar (79.8%). In beekeeping enterprises surveyed in the research, average 11.85 kg honey,
130.51 gr pollen and 5.06 gr royal jelly per hive were
produced. As a result of the production, almost all of
the energy obtained is from honey (98.85%).
The energy balance for honey production in research area given in Table 3. Energy balance is important for assessing whether energy used in honey
production is used effectively or not. The energy efficiency coefficient was found to be 0.96 for beekeeping production. This means 0.96 units of energy
output is obtained per unit input energy used in beekeeping production. Omidi-Arjenaki, Ebrahimi [21],
determined the energy efficiency coefficient as 0.54
were collected from 80 beekeepers in Shahrekord,
the capital of the Chaharmahal Va Bakhtiary province, Iran.
In this study, the specific energy coefficient
was determined to be 13.40. This coefficient explains the amount of energy that needs to be consumed to produce one kilogram of honey.

TABLE 3
Energy balance of beekeeping production
Item

Honey production
158.78
152.49
11.85
0.96
13.40
0.075

Total energy input (MJ hive-1)
Total energy output (MJ hive-1)
Honey yield (kg hive-1)
Energy efficiency
Specific energy (MJ kg-1)
Energy productivity (kg MJ-1)

TABLE 4
Costs of energy input sources in beekeeping production
Source

Energy use (MJ hive-1)

Human labor
Electricity
Drug (Amitraz)
Sugar
Total

31.44
0.60
0.15
126.74
158.78

Cost of input
(TL hive-1)
240.6
0.023
0.12
32.9
273.6

Ratio
(%)
87.94
0.01
0.04
12.02
100.00

TABLE 5
Energy benefit-cost ratio for the beekeeping production
Particulars
Gross returns of output (TL hive-1)
Net returns over variable inputs (TL hive-1)
Energy benefit-cost ratio
Gross return per unit of output energy (TL MJ-1)
Gross return per unit of input energy (TL MJ-1)
Net return per unit of output energy (TL MJ-1)
Net return per unit of input energy (TL MJ-1)

Beekeeping production
512.4
238.8
1.87
3.36
3.23
1.57
1.50
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[7] Canakci, M. and Akinci, I. (2006) Energy use
pattern analyses of greenhouse vegetable production. Energy. 31(8-9), 1243-1256.
[8] Chamsing, A., Salokhe, V.M. and Singh, G.
(2006) Energy consumption analysis for selected crops in different regions of Thailand.
Agricultural Engineering International: CIGR
Journal. 8, 18p.
[9] Cicek, A., Altintas, G. and Erdal, G. (2011) Energy consumption patterns and economic analysis of irrigated wheat and rainfed wheat production: case study for Tokat region, Turkey. Bulgarian Journal of Agricultural Science. 17(3),
378-388.
[10] Demir, O. (2018) A Case Study of Energy Balance and Energy Economics Analysis of Irrigated Wheat Production in Turkey. Fresen. Environ. Bull. 27, 3759-3765.
[11] Erdal, G., Esengün, K., Erdal, H. and Gündüz,
O. (2007) Energy use and economical analysis
of sugar beet production in Tokat province of
Turkey. Energy. 32(1), 35-41.
[12] Esengun, K., Erdal, G., Gündüz, O. and Erdal,
H. (2007) An economic analysis and energy use
in stake-tomato production in Tokat province of
Turkey. Renewable Energy. 32(11), 1873-1881.
[13] Ghorbani, R., Mondani, F., Amirmoradi, S.,
Feizi, H., Khorramdel, S., Teimouri, M., Sanjani, S., Anvarkhah, S. and Aghel, H. (2011) A
case study of energy use and economical analysis of irrigated and dryland wheat production
systems. Applied Energy. 88(1), 283-288.
[14] Gokdogan, O., Oguz, H.I. and Baran, M.F.
(2017) Energy input-output analysis in organic
mulberry (Morus spp.) production in Turkey: a
case study Adiyaman-Tut Region. Erwerbs-Obstbau. 59(4), 325-330.
[15] *QGR÷PXú (  Energy use on organic
farming: A comparative analysis on organic versus conventional apricot production on small
holdings in Turkey. Energy conversion and
management. 47(18-19), 3351-3359.
[16] Khan, M., Awan, I. and Zafar, J. (2009) Energy
requirement and economic analysis of rice production in western part of Pakistan. Soil and Environment. 28(1), 60-67.
[17] Kizilaslan, H. (2009) Input±output energy analysis of cherries production in Tokat Province of
Turkey. Applied Energy. 86(7-8), 1354-1358.
[18] Ozkan, B., Ceylan, R.F. and Kizilay, H. (2011)
Energy inputs and crop yield relationships in
greenhouse winter crop tomato production.
Renewable Energy. 36(11), 3217-3221.
[19] Southwick, E. (1980) Energy efficiency in commercial honey production. American Bee
Journal. 120(9), 633-635.
[20] Southwick, E.E. and Pimentel, D. (1981) Energy Efficiency of Honey Production by Bees.
BioScience. 31(10), 730-732.

CONCLUSION
According to the results of the present research,
the energy requirement per hive in beekeeping production is 158.78 MJ. The biggest share in input energy is sugar. At the end of beekeeping production,
the average energy output per hive is 152.49 MJ. The
results of the research, 11.85 kg honey, 130.51 gr
pollen and 5.06 gr royal jelly per hive were obtained.
98.85% of total energy output is obtained from
honey production. The energy efficiency coefficient
is 0.96, the specific energy coefficient which represents the amount of energy required to produce one
kilogram of product is 13.40 and the energy productivity coefficient is 0.075.
Research conducted that the beekeeping activities have negative energy balance and average yield
is lower than the average of Turkey (13-17 kg
honey/hive). Keeping the colonies in areas where climatic conditions are appropriate and strong vegetation will increase the honey and by-product yields
and translate the energy balance into a positive.
In order to ensure sustainability in commercial
beekeeping production activities, assessment of energy coefficients is not sufficient and energy costs
and benefit-cost ratios should also be assessed. According to the present research results, the benefitcost ratio in beekeeping enterprises is 1.87. In other
words, the gross income obtained for 1 liras beekeeping operation cost is 1.87 Turkish liras. In beekeeping activity, the gross income obtained is 3.36
and the net income is 1.57 Turkish liras per output
energy obtained. Similarly, according to results, the
gross income obtained is 3.23 and the net income is
1.50 Turkish liras per input energy obtained. Beekeeping enterprises in the research area are a sustainable activity in terms of energy costs and gross income, even if they are disadvantageous in terms of
energy input-output ratios.
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and glutathione (GSH) are the principal endogenous
enzymatic protection systems in all aerobic cells.
These are protecting against oxidative damage by
converting reactive oxygen species (ROS) into less
reactive species [4, 5]. Nitric oxide (NO) is known
to be an important vasodilator agent responsible for
the maintenance of vasomotor function. The reduced presence of NO in both cerebral and peripheral vessels causes too big harmful alterations of
vascular function [6, 7]. Reducing sugars can be
converted to other types of saccharides such as
glucose when D-galactose (D-gal) administered for
a long period, may trigger a chain of metabolic
events. Thus, H2O2 or other free radicals accumulate and cause critical oxidative damage in various
cells and/or tissues [8-13]. A common flavonol,
Quercetin (3.3ƍ-pentahydroxyflavone) (QUE),
is found in various fruits and vegetables. In particular, high levels of QUE are found in apples, berries,
onions, capers, etc. [14, 15]. QUE is a well-known
strong of both ROS and reactive nitrogen species
(RNS). As previously reported by Ossola et al.
QUE can cross the blood-brain barrier and shows its
neuroprotectant activity [16, 17]. In the light of
expressions above, the aim of the study was to
determine whether it is possible to avoid and/or to
observe any protective effects of QUE in the experimental animals from oxidative stress induced by
D-gal.

ABSTRACT
Aging is a complex process. There is evidence
to support a positive correlation between aging and
functional loss of antioxidants. This study aimed to
determine if D-galactose-induced oxidative stress
can be limited by the oral administration of Quercetin. Adult male Wistar rats were treated daily for 3
months with subcutaneously injected D-galactose
(150 mg/ kg/day). A second group of rats received
D-galactose (150 mg/kg/day) with Quercetin (30
mg/kg/day) by oral gavage. Glutathione,
malondialdehyde, nitric oxide levels as well as
superoxide dismutase activity in rat brain tissue
were measured using spectrophotometric analysis.
Brain tissues were prepared for a histopathological
evaluation. Structural and oxidative damage was
induced by D-galactose. In the group administrated
with quercetin, glutathione levels and superoxide
dismutase activity were significantly higher than
those in the untreated group. Additionally,
malondialdehyde and nitric oxide levels were inversely proportional to glutathione levels and superoxide dismutase activity. Histopathological
structural damage was identified in the brain tissue
of D-galactose treated rats. Our results indicated
that although D-galactose-induced oxidative stress,
quercetin limited oxidative damage caused by Dgalactose in rats.

MATERIALS AND METHODS

KEYWORDS:
D-galactose, Quercetin, Aging, Oxidative stress, Rat

INTRODUCTION

Chemicals. D-gal, QUE and all other chemicals used in the experiments were supplied by Sigma-Aldrich in St. Louis, MO, USA.

Aging is a complex process, resulting in an
organism becoming physiologically impaired.
There is evidence to support a positive correlation
between aging and functional loss of antioxidants
[1, 2]. Oxidative stress/damage could be defined as
the exchange of the intracellular redox balance to
the oxidants side. Therefore, the increase of free
radicals production or lack of antioxidant activity to
protect the cell leads to oxidative damage in cellular
macromolecules [3]. Superoxide dismutase (SOD)

Rats and Treatments. In the present study,
adult male Wistar rats aged 12±16 weeks (weighing
200-250 g) were used as experimental animals.
They were obtained from the Animal Laboratory at
Üsküdar University. The rats were kept in temperature-controlled rooms, and a 12 h/12 h light/dark
cycle was maintained. They were placed in stainless
steel cages with wire bottoms, and food and water
were provided ad libitum. The experimental design
was implemented in accordance with the institu-
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Determination of SOD Activity. SOD catalyzes the dismutation of superoxide free radicals to
hydrogen peroxide and molecular oxygen. In this
study, SOD activity in the brain tissue was measured using the SOD Assay Kit (Cat. No. 19160
Sigma-Aldrich) by following the method of Paoletti
et al. [22].

tional guidelines of the Animal Care and Use
Committee of Üsküdar University. Local ethics
committee approval was also obtained. The animals
were divided into four groups. All animals in the
control group (n = 8) were fed commercial rat chow
containing water (11%), crude ash (10%), protein
(15%), crude fat (3.5%), carbohydrate (47%), cellulose (7.5%), salt mixture (3.5%) and a mixture of
vitamins (2%). However, the animals in the D-gal
group (n = 8) received subcutaneous injections of
150 mg/kg/day of D-gal; those in the QUE group (n
= 8) received 30 mg/kg/day of QUE by oral gavage;
and those in the D-gal + QUE group (n = 8) received a combination of D-gal (150 mg/kg/day) by
subcutaneous injection and QUE (30 mg/kg/day) by
oral gavage. After three PRQWKV¶ period, the rats
were anesthetized by the withdrawal of blood via
cardiac puncture under anesthesia by intraperitoneal
injection of ketamine HCl (80 mg/kg) and xylazine
(10 mg/kg) and were then sacrificed by the
withdrawal of blood via a cardiac puncture. Brains
were removed, except for cerebellum, and soaked in
sterile NaCl (0.9%). The tissue samples were then
stored at - 80Ԩ. Brain tissue samples were then
gently washed and homogenized in chilled phosphate buffer (pH 7.4), and homogenates were centrifuged at 800 × g for 5 min at 4°C to remove nuclear residues. The supernatant was then centrifuged at 10,500 × g for 20 min at 4°C to obtain the
post-mitochondrial supernatant used for analyzing
GSH, Malondialdehyde (MDA), NO levels, alongside SOD activity.

Histopathological Examination. The hippocampal regions of the rat brains were fixed in 10%
formalin within 24 h of death and embedded in
paraffin blocks. The sections (ȝPthick) were cut
from each block and stained with hematoxylin-andeosin (H&E) for histopathological analysis under a
light microscope.
Statistical Analysis. Experimental results are
presented as mean ± SD. Data were analyzed using
the SPSS software package (20th version, IBM,
New York, USA). One-way ANOVAs followed by
post-hoc Bonferroni tests were used for statistical
analysis, and p< 0.05 values were considered as
significantly different.

RESULTS AND DISCUSSION
The effects of D-gal on MDA, NO, GSH levels, as well as SOD activity, are shown in Figure 1
and Figure 2. Comparison of the D-gal and control
groups showed that D-gal administration significantly correlated with increases in MDA and NO
levels (p < 0.001), alongside a decrease in the GSH
level (p < 0.001) and reduced SOD activity (p <
0.001).
A decrease in GSH levels and SOD levels
were also observed in brain tissue samples taken
from the D-gal + QUE group when compared with
those taken from the QUE group (Figure 1).
When comparing the control and QUE groups,
SOD activity was not significantly different; however, NO levels were significantly decreased in the
QUE group. The same pattern was observed when
comparing the D-gal and D-gal + QUE groups (p <
0.001) (Figure 2).
Previous studies have indicated that sustained
administration of D-gal resulted in impaired cognitive and motor skills, thereby providing an animal
model of human aging. The rapid aging of the brain
may also contribute to neurodegenerative disorders.
During aging, ROS production, per gram of tissue,
is greater in the brain tissue than in any other organ
tissue [23]. Our findings on both brain histological
examination and biochemical parameters measured
showed this kind of alterations as explained in Figures 1, 2, 3, due to ROS-generated macromolecular
injury can be caused brought by the excessive administration of D-gal. This showed a good similarity of the report of Currais et al. [24].

Determination of GSH Levels. The level of
GSH in homogenized brain tissue samples was
measured by using 5,5ƍ- dithiobis (2-nitrobenzoic
acid) on a spectrophotometer at 412 nm wavelength
by following the methods of Beutler et al. [18] and
Coban et al. [19]. For this, 1 ml brain homogenate
(10%; w/w) and 1 ml 0.15 KCl were mixed and
deproteinized by addition of 3 ml of metaphosphoric acid solution (30 g NaCl, 1.67 g metaphosphoric
acid and 0.2 g EDTA in 100 ml distilled water).
After centrifugation at 3000 rpm for 20 min, 0.5 ml
supernatant was added to 2 ml 0.3 M
Na2HPO4.2H2O and 0.5 ml DTNB (0.4 ml/ml in 1%
sodium citrate) solution.
Determination of MDA Levels. MDA levels
in tissue homogenates were estimated based on the
analysis of lipid peroxidation (LPO) levels. LPO
was estimated by measuring the level of MDA by
thiobarbituric acid (TBA) test as explained by Coban et al. [19] and Ohkawa et al. [20].
Determination of NO Levels. NO levels were
measured using NO2- / NO3- as part of the Cell BiRODEV¶ 2[L6HOHFWTM Nitric Oxide (Nitrite/Nitrate)
Assay Kit (Cat. No. STA-802) for a calorie-based
and quantitative analysis [21].
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FIGURE 1
Effects of QUE administration on brain GSH levels and SOD activity in D-gal- treated rats (mean ± SD).
*p < 0.001 compared with the control group, #p < 0.001 compared with the D-gal group and $p < 0.001 compared
with the QUE group.

FIGURE 2
Effects of QUE administration on MDA and NO levels in D-gal± treated rats (mean ± SD).
*p < 0.001 compared with the control group, #p < 0.001 compared with the D-gal group and $p < 0.001 compared
with the QUE group.
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FIGURE 3
Illustrates the histology of the hippocampus (H&E). Normal brain structure was observed in the control
group (A) and QUE group (B). However, in the D-gal group (C), histological examination of brain sections
revealed mild edema in certain regions, while hippocampal neurons in the D-gal + QUE group (D) appeared as a large mass.
dant defense mechanisms, causing a net pro-oxidant
effect. Therefore, by helping these reports [26], we
administrated 30 mg/kg/day to get an obtainable
and more effective results. It is unknown if the
periodic administration of QUE is associated with
changes in the protein redox homeostasis of the
brain tissue. The results obtained in the present
study, indicate that the oral administration of QUE
reduces GSH levels and increases MDA levels in
brain homogenates. When, we compared the data
between D-gal group and D-gal + QUE group we
observed that while the GSH level and SOD activity
increased in both groups, MDA and NO levels
significantly dropped in the D-gal + QUE group and
all the results obtained were the statistically significant (p<0,001) as seen in all Figures given in the
results section. By looking at these results, we can
suggest that QUE acts as a pro-oxidant. In our
study, we found that effects of QUE administration
on MDA and NO levels in D-gal± treated rats were
statistically significant (p < 0.001) when compared
to all groups (Figure 2). The following reports express the effects of NO in different mechanisms.
NO production in endothelial cells is a protective
mechanism to initiate and maintain vasodilation.
Decreased levels of NO in both cerebral and peripheral vessels can cause vascular problems such
as increased arterial blood pressure and atheroscle-

There are numerous animal models used in aging studies. In the D-gal model, subcutaneous administration of D-gal (50-500 mg/kg/day, for 6-9
weeks lasting) can be initiated at any time during
the study and data are easy to compare between
groups. Therefore, this animal model of aging or
aging-related illnesses is suitable for use in rats and
mice [19, 25] and we have decided to form the
experimental groups in determining the dose, lasting the experimental period and choosing the experimental animals, rats, regarding these reports. In
previous reports, administration of D-gal to rodents,
cause an increase in MDA levels, protein carbonyl
levels, and AGE formation. Additionally, histological changes were noted, and learning and memory
were disrupted [6, 19]. Similarly, in the present
study, subcutaneous injection D-gal caused an increase in the MDA level and decreases in GSH
levels and SOD activities when compared with the
levels and activities in the control group. It is earlier
mentioned, QUE is a strong, free radical scavenger
of both ROS and RNS [26, 27]. However, levels of
QUE (in the nanomolar range) may be unable to
show a significant and immediate antioxidant effect
while levels of other antioxidants, such as vitamin
C and glutathione, in the higher (millimolar range)
level, are required [28]. Moreover, QUE and/or its
metDEROLWHV PLJKW PRGXODWH WKH FHOO¶VRZQDQWLR[i-
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[6] Katusic, Z.S., Austin, S.A. (2016) Neurovascular Protective Function of Endothelial Nitric
Oxide - Recent Advances. Circ. J. 80, 14991503.
[7] Venturelli, M., Pedrinolla, A., Boscolo, Galazzo, I., Fonte, C., Smania, N., Tamburin, S.,
Muti, E., Crispoltini, L., Stabile, A., Pistilli, A.,
Rende, M., Pizzini, F.B., Schena, F. (2018)
Impact of Nitric oxide bioavailability on the
progressive cerebral and peripheral circulatory
impairments during agLQJDQG$O]KHLPHU¶VGLV
ease. Front. Physiol. 9, 169.
[8] Ali, H.A., Afifi, M., Abdelazim, A.M., Mosleh,
Y.Y. (2014) Quercetin and omega 3 ameliorate
oxidative stress induced by aluminum chloride
in the brain. J. Mol. Neurosci. 53, 654-660.
[9] Ullah, F., Ali, T., Ullah, N., Kim, M.O. (2015)
Caffeine prevents D-galactose-induced cognitive deficits, oxidative stress, neuroinflammation, and neurodegeneration in the adult rat
brain. Neurochem. Int. 90, 114-124.
[10] Cakatay, U. $\GÕQ, S., Atukeren, P., Yanar,
K., Sitar, M.E., Dalo, E., Uslu, E. (2013) Increased protein oxidation and loss of proteinbound sialic acid in hepatic tissues of Dgalactose induced aged rats. Curr. Aging Sci. 6,
135-141.
[11] Zhou, Y., Dong, Y., Xu, Q., He, Y., Tian, S.,
Zhu, S., Zhu, Y., Dong, X. (2013) Mussel oligopeptides ameliorate cognition deficit and attenuate brain senescence in D-galactoseinduced aging mice. Food Chem. Toxicol. 59,
412±420.
[12] Yanar, K.$\GÕQ, S., Çakatay, U., Mengi, M.,
%X\XNSÕQDUEDúÕOÕ, N., Atukeren, P., Sitar, M.E.,
Sonmez, A., Uslu, E. (2011) Protein and DNA
oxidation in different anatomic regions of rat
brain in a mimetic ageing model. Basic Clin.
Pharmacol. Toxicol. 109, 423-433.
[13] Lei, M., Hua, X., Xiao, M., Ding, J., Han, Q.,
Hu, G. (2008) Impairments of astrocytes are
involved in the D-galactose induced brain aging. Biochem. Biophys. Res. Commun. 369,
1082-1087.
[14] Vauzour, D., Vafeiadou, K., RodriguezMateos, A. (2008) The neuroprotective potential of flavonoids: a multiplicity of effects.
Genes Nutr. 3, 115-126.
[15] Costa, L.G., Garrick, J.M., Roque, P.J., Pellacani, C. (2016) Mechanisms of neuroprotection by quercetin: counteracting oxidative
stress and more. Oxid. Med. Cell. Longev.
1155, 1-10.

rosis. NO inhibits the ability of platelets to aggregate, white blood cell adhesion to the endothelium
and smooth muscle cells to proliferate. Furthermore, endothelium-dependent NO has antiinflammatory and pro-angiogenic effects as well.
Recently, it was discovered that endothelial NO
regulates the expression and function of amyloid
precursor proteins in the neuronal tissues and cerebrovascular endothelial cells [6]. As we understood
from this expression, their reports are in a harmony
with our findings. Cheung et al. [29] reported that
rosmarinic acid decreases NO production due to
oxidative stress in RAW 264.7 cells. Additionally,
the so-called ³FRUQ PLQW´ Mentha arvensis) in
Chinese medicine was reported to have an effect
similar to that of rosmarinic acid [30].

CONCLUSIONS
In our study, we found that NO levels significantly decreased in the QUE group when compared
to control group, and the same results were also
observed in the D-gal + QUE group when compared to the levels in the D-gal test groups. Based
on our data, we could conclude that QUE acts as an
antioxidant to limit the pro-oxidant status and neurotoxicity of D-gal- treated brain tissues.
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Uncontrolled urbanization and urban migration provoked significant concerns for the whole
environment (hydrosphere, atmosphere, and pedosphere), during last decades [1, 2, 3]. Water as
the most essential natural resource has the unique
ability to dissolve and transport various inorganic
(toxic metals ions) and organic chemicals which
contribute to increase risk of water pollution [4].
Surface waters are the most sensitive aquatic systems in terms of pollution. In addition, anthropogenic activities increase the exploitation of water
resources and degrade surface water quality [5]. For
environmental water pollution assessment in the
river system measurements of water quality parameters at fine spatio-temporal scale is of utmost
importance now-a-days [6].
The design and development of water quality
monitoring have evolved to more focused topics,
such as eutrophication, acidification, microbial, and
heavy metal cations contamination, and has to be
adapted for the aquatic system [7]. Cations of heavy
metals are “inert” in sediments and are often considered as the conservative pollutants [8], while
they can be released to the water column and therefore have potential risks on ecosystems [9]. Previous study showed that the distribution of heavy
metals cations in sediments could be used to investigate the anthropogenic impacts on ecosystems as
well as to assess the risks posed by waste discharges [10].
Cations of metals are non-degradable chemical
species and accumulate in the aquatic organisms
and human body causing a variety of harmful effects, from acute to chronic and, sometimes, fatal.
Most of the heavy metals salts are extremely toxic
as they are soluble in water and can be easily accumulated into plant or animal tissue. The occurrence
of heavy metal cations in the aquatic environment
may cause risk to aquatic organisms and have severe toxicity since most of the aqua-life is not
adapted to higher concentrations levels of heavy
metal cations [11, 12].

In this research physicochemical parameters
and cations of heavy metals, metalloids and light
metals (Na, K, Ca, Mg, Ni, Cr, Mn, Fe, Cu, Cd, Hg,
As, Pb, Zn and Al) were determined in the River
Danube surface water during the five-year monitoring program. Sampling campaign was carried out
from 2011 to 2015 with respect to the seasonal
variations. The concentration of selected cations
(Cr, Mn, Fe, Cu, Ni, Cd, Pb, Zn and Al) and four
key physicochemical parameters (temperature of
water, pH, dissolved oxygen and electroconductivity) on three representative locations were selected
for further statistical evaluation and Environmental
Risk Assessment (ERA) calculation. For the purpose of risk assessment, the indirect approach has
been selected. The calculation of risk quotient using
Measured Environmental Concentration and Predicted No-Effect Concentration provided through
EU guidelines. The obtained results have been
evaluated by multicriteria analysis using Principal
Component Analysis, Cluster Analysis, presented
via Cluster dendrograms and Hasse diagrams by
Decision Analysis by Ranking Techniques software. Hasse diagrams were created for visualization
of finite partially ordered sets of metal cations concentration levels. The results of performed statistical analysis showed the close correlation between
physicochemical parameters and concentration
levels of metal cations. Cluster Analysis and Hasse
diagrams enabled distinction of sampling locations
and the metal cations that showed the most potential
risk on the entire flow of Danube River in Serbia.
The obtained results of the risk assessment have
shown that the metal cations pose a significant risk
to the aquatic environment and human health.


(&!"
Metal cations, surface water, multicriteria analysis, contamination of the aquatic environment, risk assessment
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urbanization [20]. The previous studies of ecochemical status of the rivers in the south, southeastern and south-western Serbia and Romania
performed physicochemical analysis and determination of heavy metal cations such as Pb, Zn, Cd, Cr,
Ni, Cu, Hg, As, Fe and Ba. Data and publication on
metal cations pollution in water in Serbia are still
limited and has not been systematically investigated
yet [21, 22, 23, 24]. Appearance of toxic heavy
metal cations, Men+(aq), in surface river water is one
of the major problems contributing to inorganic
contamination, quality and safety. Main anthropogenic sources of Men+(aq) contamination originate
from untreated and partially treated effluents loaded
by inorganic and organic contaminants, generated
from anthropogenic activities, agricultural, industrial or every-day life activities.
In this research 180 surface water samples
were collected on three representative localities on
Danube river (Bezdan, Bogojevo, Novi Sad), in the
period of five years (2011 – 2015) monitoring program, following seasonal variation (summerwinter). The physicochemical parameters and metal
cations (Na, K, Ca, Mg, Ni, Cr, Mn, Fe, Cu, Cd,
Hg, As, Pb, Zn and Al) were determined. The obtained concentration of Cr, Mn, Fe, Cu, Ni, Cd, Pb,
Zn and Al, as the most dominant metal cations and
the four key physicochemical parameters, were
selected for further statistical evaluation and Environmental Risk Assessment (ERA) calculation. The
ERA utilizing Measured Environmental Concentration (MEC) and Predicted No-Effect Concentration
(PNEC) values in surface water have been performed in order to calculate risk assessment quotient (RQ) for chosen toxic metal cations.

The hazardous heavy metals such as As, Cd,
Pb, Cu, Cr, Ni, Zn, Al, and Mn have been recognized as well-known contaminants with significant
hazard impact onto the environment and human
health [13, 14].
Sorbed metal cations could be up take by
aquatic organisms and enter the food chain amplifying the effect of contamination. The presence of
heavy metal cations in human organisms can result
in multiple health hazards such as damage of lung,
kidney, liver, or pancreas and nervous disorders
[15, 16]. Accumulation of Cr(VI) and Cr(III) on the
molecular level cells cause the damage in the DNA
chain. Adverse health effects have been reported for
other heavy metal cations. U.S. Environmental
Protection Agency (EPA) and World Health Organization (WHO) have set the maximum permissible
limit for each heavy metal [17]. In EU Regulation
1881/2006/ΕU the maximum permissible concentrations (MPC) have been defined for Hg
(0.50µg/L), Cd (5µg/L), Cr (0.50mg/L), Cu
(0.50mg/L), Pb (0.50mg/L), Ni (0.50mg/L) and Zn
(50.0mg/L).
Cations of Zn, Ni, Cu, Pb, Cd and Mn are predominantly the products of industrial waste and
mining [13,18], As, Cd and Pb originate from airborne sources and emissions [19], Co, Cu, Fe, Mn,
Mo, Ni, Zn usually represent input from fertilizers
and pesticides, As, Cd, Cr, Pb, Hg, Ni, Se, Mo, Zn,
Tl, Sb dominantly originate from sewage sludge
[17].
The major source of surface water pollution in
Serbia is discharging of untreated wastewater, since
the wastewater treatment practice and sanitation
infrastructure did not follow population growth and
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between different variables, as well as to decrease
the amount of data [24-28].
Two statistical methods were applied: PCA
and CA. PCA was used for identification of all
sources of variation in a set of variables and the
main factors. In addition, cluster analysis was used
to identify relatively similar groups of objects,
resulting in the Cluster dendrograms. The data were
analysed using SPSS 20.0 for Windows.
The Hasse diagrams developed via the DART
software (Decision Analysis by Ranking Techniques) represent a visualization of partial order
relations between objects described by a certain
number of variables and are often used to improve
the quality and visibility of PCA and CA [29]. In
HD the ranking of objects is performed according to
all variables, thus acquiring a valuable overview of
the whole dataset [30].

6>1:765-6<)4:1;3);;-;;5-6<5-<07,The
Risk Quotient (RQ) technique is applied for the
environmental risk assessment calculation, in the
case when measured or predicted environmental
concentration levels of parameters have the hazardous potential towards the environment and/or humans. Risk Quotients (RQs) are obtained by ratio
calculation of the measured or predicted environmental concentrations (MECs or PECs) with appropriate threshold values or predicted no-effect concentrations (PNECs) [11, 31]. This method of ERA
calculation is provided though the EU guidelines.
PNEC values for the Cd, Cu, Mn, Cr, Pb and Zn are
0.02, 0.64, 1.53, 2.49, 0.20, 0,47, 0.60 and 3.07
µg/L, respectively [32].


!"$#""$""

This type of environmental study is rare and
scarce in Serbia.
#!"#"

"<=,A ):-) Vojvodina, as a northern part of
Serbia, is a typical reach agricultural area embraced
by River Danube on the south and west borders. 
The Danube runs through Serbia in total
length of 588.5 kilometres, as the second largest
river in Europe. Monitored localities of the Danube
river basin represent the entry part from Hungarian
and Croatian border to Novi Sad which is the first
quarter (157 km) of the Danube course through
Serbia.
Three representative sampling locations are:
Bezdan, the Danube entry to Serbia from Hungary
(Station code 42010, with coordinates: Lat. 440 52’
56’’ N, Lon. 250 26’ 29’’ E), Bogojevo, the point
where the Drava flows into the Danube (Station
code 42020, with coordinates: Lat. 450 31’ 48’’ N,
Lon.190 04’ 54’’ E) and Novi Sad (Station code
42035, with coordinates: Lat. 450 15’ 17’’ N, Lon.
190 32’ 14’’ E). These localities are the first three
measuring stations on the Danube flow trough Serbia (Figure 1).

")58416/ Surface water samples were collected in Bezdan, Bogojevo and Novi Sad. Sixty
one month sampling campaigns were performed,
twelve in each year, in the period from 2011 to
2015.180 surface water samples were collected in
total. Samples were collected in 2L plastic bottles
and were stabilised by addition of 2 mLL−1
ccHNO3, after performing the  measurements. Collected water samples were stored at deep
freeze, on the temperature of −15 ± 5 °C, until the
analysis.

")584- )6)4A;-; The  analyses of
physicochemical parameters conductivity (EC), pH,
temperature and dissolved oxygen were performed
on the sampling location before the stabilisation of
the samples using multi-parameter equipment, Multi 340i.
Water samples (200mL) were digested after
addition of 5mL of the acid mixture (HNO3:HClO4
= 9:4) and filtered through Whatman No. 42 filter
paper. The atomic absorption spectrophotometer
was used for determination of all investigated metals. The laboratory analyses were performed in in
the Accredited Laboratory using standard and validated methods.

"<)<1;<1+)4 5-<07,; The multivariate statistical data processing, as the useful tool for evaluation
of environmental data sets, was applied on obtained
results of physicochemical parameters and metal
cations, in order to determine the interdependence

Obtained results from the three selected representative sampling locations on the Danube River
with the basic statistical evaluation compared to
permissible values from Serbian legislation for all
selected parameters are shown in Table 1. Threshold values for selected physicochemical parameters
and metal cations are obtained from the legislation
of the Republic of Serbia [35].

"<)<1;<1+)4 )6)4A;-; :-;=4<; Multivariate statistical techniques have been used to identify key
physicochemical parameters which have an impact
on surface water quality. PCA and CA were applied
for the estimation of spatial/temporal/seasonal variations in surface water of the river Danube. The
twelve selected parameters (four physicochemical
and eight metal cations) were monitored at three
locations, in the period of five years. The sites are
grouped based on the degree of pollution and the
significance of examined localities was determined
[33]. The correlation coefficients between the original data are calculated and presented in Table 2.
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Novi Sad

Bezdan

Bogojevo

#
76+-6<:)<1764->-4;7.7*;-:>-,8):)5-<-:;+758):-,<76)<176)44-/1;4)<176
Location
Par.
Un.
Range
AVG
SD
Threshold values
T
°C
2.0 – 27.8
13.05
6.37
DO
μg/l
7.7 – 15.4
10.58
1.32
>8.5
pH
7.8 – 8.73
8.23
0.069
6.5-8.5
EC
μS/cm
310 – 579
429.67
62.96
<1000
Fe
μg/l
< 10 – 340
164.28
0.31
<200
Mn
μg/l
< 10 – 50
14.15
0.01
<50
Zn
μg/l
6.2 – 284.2
43.01
0.03
<200
Cu
μg/l
1.2 – 35.5
14.62
0.01
<22
Cr
μg/l
< 0.5 – 2.4
1.01
1.85E-3
<25
Pb
μg/l
< 0.5 – 7.6
0.71
7.92E-4
<14
Cd
μg/l
< 0.02 – 0.22
0.01
3.99E-6
<0.45
Al
μg/l
< 10 – 246
105.14
0.19
T
°C
1.5 – 27.0
13.01
5.98
DO
μg/l
7.8 – 14.6
10.83
0.92
>8.5
pH
7.95 – 8.8
82.32
0.1
6.5-8.5
EC
μS/cm
313 – 603
436.98
58.24
<1000
Fe
μg/l
< 10 – 160
30.22
0.02
<200
Mn
μg/l
< 10 – 89
15.98
0.02
<50
Zn
μg/l
1.2 – 157.9
21.17
0.01
<200
Cu
μg/l
< 1 – 26.1
5.44
3.32E-3
<22
Cr
μg/l
< 0.5 – 3.3
1.73
2.15E-3
<25
Pb
μg/l
< 0.5 – 1.2
0.28
6.68E-5
<14
Cd
μg/l
< 0.02 – 0.07
0.02
6.71E-6
<0.45
Al
μg/l
<10 – 93.4
16.26
0.01
T
°C
1.4-26.9
13.45
7.01
DO
μg/l
6.6-13.1
9.97
1.63
>8.5
pH
7.5-8.4
8.15
0.09
6.5-8.5
EC
μS/cm
310-590
420.58
54.02
<1000
Fe
μg/l
<10-260
123.91
0.17
<200
Mn
μg/l
<10-170
14.72
0.01
<50
Zn
μg/l
4.2-229.2
21.32
0.02
<200
Cu
μg/l
<1-21.8
3.73
2.88E-3
<22
Cr
μg/l
<0.5-33
0.58
4.48E-4
<25
Pb
μg/l
<0.5-2.7
0.54
2.98E-4
<14
Cd
μg/l
<0.02-0.13
0.02
8.15E-6
<0.45
Al
μg/l
<10-267.5
73.5
0.10


T
DO
pH
EC
Fe
Mn
Zn
Cu
Cr
Pb
Cd
Al

T

 
0.43

0.26

0.18
0.29
-0.44
-0.01
0.27
0.36

DO
 

-0.14
 
-0.36
 
-0.11
-0.18
0.54
-0.12
-0.31
-0.42

#
7::-4)<1765)<:1@7.?)<-:9=)41<A8):)5-<-:;
pH
EC
Fe
Mn
Zn
Cu
Cr
0.43  0.26
 0.18
0.29 -0.44
-0.14   -0.36   -0.11 -0.18 0.54
 -0.38 -0.15   0.45
0.54
0.21
-0.38  -0.36  -0.18 -0.29 0.58
-0.15 -0.36  0.01
     
   0.01
 -0.01 0.14 -0.37
0.45 -0.18   -0.01    -0.16
0.54 -0.29   0.14
   -0.19
0.21
0.58   -0.37 -0.16 -0.19 
-0.20 -0.05   -0.31 0.76
  -0.49
-0.20 -0.29 -0.50 0.45    0.12
-0.08 -0.42  0.08
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Pb
-0.01
-0.12
-0.20
-0.05
 
-0.31
 
 
-0.49

 
 

Cd
0.27
-0.31
-0.20
-0.29
-0.50
0.45
 

0.12
 

-0.50

Al
0.36
-0.42
-0.08
-0.42

0.08
 
 
 
 
0.50
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  1; 5):3-, High Pearson’s correlation coefficient between temperature and DO is the coherent
consequence of the known increasing/decreasing
phenomena influenced by temperature change, i.e.
free molecules of dissolved oxygen escaping from
network structure of aquatic system, with special
“comfort” from surface water. In the compliance
with basic gas laws, with temperature rising, solubility in waters reduced and oxygen deficit moves
balance concentrations of H+ and OH- ions toward
alkaline medium.
Temperature and pH value are in the specific
physicochemical functionality, taking into account
that the pH value is the key physicochemical parameter showing weak to middle acceptable correlation (0.43) (Table 2). According to the kinetic models, thermodynamic temperature influences all dissociable processes (ionization and dissociation). In
this study, pH value varied from the neutral value of
7.2 toward the alkaline value of 8.73. Decreasing of
pH values (higher concentration of [H+]) is influenced by external or internal inputs of free H+ ions,
by chemical reactions like hydrolyse of salts, acid
chemicals dissociation processes and other reactions which decrease or increase H+ or OH- ions.
Optimal concentrations of H+ and OH- ions in natural waters are regulated by buffer systems (bicarbonate), while metal cations indirectly violate natural buffer systems and balance equilibrium [33].
Electroconductivity (EC) is highly correlated
with water temperature i.e. higher temperature
implicates higher electroconductivity of surface
water. Empirical literature data indicate that electroconductivity increases around 3 % with the temperature rise of 1oC [34]. Electroconductivity is
essential characteristic of water quality because it is
expressed through the total sum of ionized chemical
species and dissoluble salts. However, electrocon-

ductivity does not display the ionic composition.
Bivariate correlation between electroconductivity
and dissolved oxygen is very high and reverse proportional.
Manganese cations (Mn2+(aq)) have high Pearson’s correlation with temperature, dissolved oxygen (reverse proportions), pH (processes of solubility and dissociation increase during the summer and
concentration of manganese follows it) and electroconductivity (increase of Mn2+(aq) concentration
causes the rise of electroconductivity). There is the
high negative Pearson’s correlation between metal
cations: iron-chrome, zinc-cadmium, coppercadmium, chrome-aluminium and lead-cadmium
(Table 2).
The MSA (the Measure of Sampling Adequacy) was used to quantify the degree of correlation
between physicochemical parameters and the justification of factor analysis. MSA over 0.6 was used
to present the mean correlation between observed
parameters while the MSA values over 0.7 were
used to present a very strong correlation. Three
main components (factors) have been obtained
within the statistical analyses presented in the Scree
Plot of the eigenvalues (Figure 2).
Three identified components that describe
95% of data variability were explained (Table3).
The first factor (PC1) explains 35.9% variance
and includes physicochemical parameters: T, DO,
EC and cations of Mn. All selected parameters from
the first factor have high factor loadings.
The second factor (PC2) clarifies 30.6% of total variance and includes pH and cations of Zn, Cu,
Cd. pH value has the mean factor loading, while
other parameters have high factor loadings.
PC3, the third principal component covers
28.7 % of total variance and includes cations of Fe,
Cr, Pb and Al. All selected parameters in the third
factor have high factor loadings.
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PC 1
 
 
.51
 
.14
 
.06
.2
-.43
-.17
.4
.21
4.32
35.98
35.98

T
DO
pH
EC
Fe
Mn
Zn
Cu
Cr
Pb
Cd
Al
Eigenvalues
% of variance
Cumulative %

Component
PC 2
.08
.06
 
-.05
.43
-.01
 
 
.08
.55
 
.47
3.68
30.67
66.66

PC 3
.12
-.34
-.56
-.23
 
-.15
.27
.23
 
 
-.20
 
3.45
28.78
95.43
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The hierarchical cluster method was used to
group locations on the Danube River based on the
obtained water quality results. The final result of
the cluster analysis are three dendograms (Figures
3, 4 and 5).
In the first dendrogram (Figure 3), two clusters
were formed according to the similarities of values
of water temperature, electroconductivity and concentrations of dissolved oxygen and cations of
manganese. Clusters are separated by seasons (winter-summer), therefore, the temperature varies seasonally and other parameters change depending on
temperature. The electroconductivity and concentration levels of dissolved oxygen, and manganese
are within the permissible limits according to the
Regulation on limit values of polluting substances



in surface waters, ground waters and sediments and
deadlines for their achievement [35] (Table 1). The
concentration of dissolved oxygen decreases with
the rise of temperature and during the summer is
lower for 2mg/L. The electroconductivity measured
during the sampling period has shown different
seasonal variation and the increase in the summer
period of 0,1mS/cm.
In the second dendrogram, two clusters have
been also derived (Figure 4). In the first rescaled
distance cluster the locations Novi Sad and Bezdan
are separated from the Bogojevo location. The first
cluster describes locations with extremely low pollution, while the second cluster describes location
with low pollution. The pH values were constant at
all locations and within the permissible limits val-
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ues [35]. The location of Bogojevo deviates from
other sampling sites, where the concentration of
zinc, copper and cadmium cations are elevated but
still within the permissible limits [35].
The dendrogram 3 (Figure 5) consists of two
main clusters, too. Novi Sad and Bogojevo belong
to the first cluster, while location in Bezdan is in the
second cluster, since there are differences in con-

centration levels of iron, chromium, lead and aluminium cations. The first cluster describes locations
with low pollution, while the second cluster describes location with extremely low pollution. Concentrations of metal cations on all locations were
within the permissible limits according to the current national regulation [35].

$! 
-6,:7/:)57*<)16-,*A+4=;<-:)6)4A;1;.7:.)+<7:


$! 
-6,:7/:)57*<)16-,*A+4=;<-:)6)4A;1;.7:.)+<7: 

7793





"!

#   





    


Figure 6 presents Hasse diagram obtained by
DART software for Danube surface water ranking
all measured metal cations into 5 levels of desirability.
In Hasse diagram the objects are presented as
circles with an identifier and are grouped in levels
[36,37]. A line connecting two or more objects in
the Hasse diagram indicates that the objects are
comparable. The objects near to the upper part (on
the higher levels) indicate metal cations with the
higher potential for contamination or toxicity, than
the others situated below [38].
There is one maximal object (Zn) and two submaximal objects (Cu and Ni), while minimal ob-

jects are Mn and Cd.

6>1:765-6<)4 :1;3 );;-;;5-6< ERA has
shown that all selected metal cations (Table 4) have
been higher than 1 for at least one value, RQmin,
RQmax or RQavg. The obtained results of the risk
assessment calculation lead to the conclusion that
the metal cations on all three locations posse a significant risk to the aquatic environment and human
health. All samples with maximum obtained values
of concentrations had a higher RQ value then 1,
except Cr in location Bogojevo which had a value
of 0.964 (high-risk factor).



$! 
);;-,1)/:)5;7.5-<)4+)<176;16?)<-:

# 
)4+=4)<-,! .7:51615=55)@15=5)6,)>-:)/-+76+-6<:)<1764->-4;7.5-<)4+)<176;5-);=:-,76
<0-47+)<176;7/72->7-B,)6)6,7>1"),
Location

Bogojevo

Bezdan

Novi Sad

Par.
Mn
Zn
Cu
Cr
Pb
Cd
Mn
Zn
Cu
Cr
Pb
Cd
Mn
Zn
Cu
Cr
Pb
Cd

Un.
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l
μg/l

Min
9
6.2
1.2
0.4
0.3
0.01
8
1.2
0.9
0.3
0.4
0.01
7
4.2
0.9
0.5
0.4
0.01

Max
50
284.2
35.5
2.4
7.6
0.22
89
157.9
26.1
3.3
1.2
0.07
170
229.2
21.8
33
2.7
0.13

AVG
14.16
43.01
14.62
1.01
0.711
0.014
15.98
21.17
5.44
1.73
0.28
0.02
14.72
21.32
3.73
0.58
0.55
0.02
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RQmin
 

 
0.16
0.50
0.50

0.39

0.12
0.67
0.5
 
 

0.20
0.67
0.5

RQmax
 
 
 
0.96
 

 

 


 

 
 
 
 
 

RQavg
 

 
0.41
 
0.69
 
 
 
0.70
0.46
0.92
 
 
 
0.23
0.91
0.94

PNEC
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Table 4 presents calculated RQ for minimum,
maximum and average concentration levels of metal
cations on the locations Bogojevo, Bezdan and
Novi Sad. The quotient (RQ) which is higher than 1
presents an unacceptable level of risk and the proper measures for preservation of aquatic environment
should be taken. For the RQ˂1, the risk is considered as acceptable [39]. In this study, the risk levels
higher than 0.85 are considered as a potential threat
which require further monitoring and investigation.
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The physicochemical parameters and metal
cations (Na, K, Ca, Mg, Ni, Cr, Mn, Fe, Cu, Cd,
Hg, As, Pb, Zn and Al) were monitored during the
five-year (2011-2015) sampling campaign on three
representative locations in surface water samples
(180 samples) of the River Danube basin in Serbia.
The obtained concentration values of the most dominant metal cations (Cr, Mn, Fe, Cu, Ni, Cd, Pb, Zn
and Al) and four key physicochemical parameters
(water temperature, pH, dissolved oxygen and electroconductivity) were statistically evaluated (PCA,
CA and HD) and environmental risk assessment
was calculated. High Pearson correlations were
obtained for selected cations and physicochemical
parameters. Displayed correlations were presented
in cluster dendograms and Hasse diagrams. The
ERA has shown that Risk Quotients for all selected
metal cations was higher than 1 which lead to the
conclusion that the metal cations on all three locations posse a significant risk to the aquatic environment. All samples with maximum measured
values of concentrations have a higher RQ than 1,
except cations of Cr (0.96) in location Bogojevo,
presenting the relative high-risk factor. Hasse diagrams via DART software were successfully applied for clear visualization of behavioural relations
of key physicochemical parameters and concentration values of selected metals cations. The results of
the Danube surface water quality indicate that inorganic loads (metal cations) could originate from
four sources of pollution. The first and the main
source is the direct discharge of communal and
industrial wastewater without any treatment in the
Danube River in Serbia. The second source of contamination is the high agricultural activities in surrounding areas along the riversides. The third is the
runoff of the atmospheric water on the three bridges
and roads. Last but not least, is the historical and
previous input of contamination from the neighbouring countries.
This kind of environmental, statistical and risk
assessment research study is scarce and for the first
time in Serbia conducted.
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huge impact on soil environmental quality, and
therefore have become a global hot issue [1-5]. The
main sources of heavy metal are smelting industry,
electroplating industry, emission from motor vehicles and the pesticides application in the process of
agricultural production, etc. The most common
heavy metals include mercury, cadmium, chromium,
lead, copper, zinc and nickel, etc. Heavy metals in
soil often cause a series of variation of physical and
chemical properties of soil, therefore, obviously
effects the biological characteristics and adverse
microbial community structure, finally, affects the
soil ecosystem structure and function. In addition,
the heavy metals can accumulate in the roots, stems,
leaf and seeds in crops, vegetables, fruit, etc., which
would have obviously affect on the normal growth
of crops, ultimately even threat to the human health
through food chain [3, 6-8].
Abundant studies about soil pollution by
heavy metal have been published in recent years.
For example, Wang et al. [3] reported that Cu, Pb,
Cd, Zn, As and Cr concentrations in agricultural
soils irrigated with swine manure in Jiangxi Province, China. Rodríguez-Bocanegra et al. [2] evaluated the heavy metal tolerance in Brassica juncea
and Solanum lycopersicum in experimental disturbed polluted urban soil. Wang et al. [1] also
found that the mean concentrations of heavy metals
in vegetable soil were higher than the corresponding soil element background values of Shaanxi
Province.
At present, a large number of industrial parks
had been established in China, which were usually
located in the suburbs of cities. Due to production
activities of industrial enterprise in parks, heavy
metals and other pollutants might be released into
the soil, ultimately, have serious impacts on soil
quality. Therefore, it is very important to determine
heavy metal content and evaluate their ecological
risk in industrial parks.
The goal of this study is to examine the distribution characteristics of Cr, Ni, Cu, Cd, Pb and Zn
in vegetables rhizosphere soil in green industry

ABSTRACT
In order to reveal the pollution loading of
heavy metals in vegetables rhizosphere soil of
green industry parks in Zhenjiang City, China, six
heavy metals (Cr, Ni, Cu, Cd, Pb and Zn) from 7
green vegetables rhizosphere soil samples were
analyzed by using ICP. The results showed that: 1)
the average contents of Cr, Ni, Cu, Cd, Pb and Zn
were 83.08, 37.05, 34.20, 0.23, 24.11 and 180.12
mg/kg, respectively. 2) the average value of enrichment factor was Ni>Cr>Pb>Cd>Zn>Cu. And
the
order
of
total
EF
values
was
S6>S1>S2>S5>S7>S3>S4, indicated the most serious at S6 sampling point, while was the smallest
enrichment at S4 sampling point; 3) The mean values of geo-accumulation indexes of 6 heavy metals
were all less than zero, indicating that metal pollution was at a clean level. 4) Cr, Ni, Cu, Cd, Pb and
Zn had slight potential ecological risk judgment by
the RI value; 5) The correlations analysis, principal
component analysis and factor analysis revealed
that the Cr, Ni, Cu, Cd and Pb was the first factor to
dominate the first principal component and might
come from the common sources of parent rocks in
this region. Zn had a high loading values in the second the principal components, while the correlations was not significant, which indicated that Zn
could have not a similar pollution sources, which
represents anthropogenic sources.

KEYWORDS:
Rhizosphere soil, Heavy metal, Ecological risk, Green
vegetables, Industrial park, Geo-accumulation index

INTRODUCTION
With the rapid development of industrial and
agricultural in China in recent years, soil pollution
has become serious environmental problems. Heavy
metals, as one of the major soil pollutants, have a
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in Fig 1.
For each samples site, 3 growing vegetables
were randomly selected and their belowground (i.e.
root) structures were dug from soil with the depth
of 20 cm. Then, the soil attached to the root was
shaken off and were collected in the plastic bag. In
addition, others soil within the growing range of
vegetable roots were also collected in the same
plastic bag. Three repetition samples were collected
in each sample sites. The plastic bag with soil samples were transported in Lab, and air-dry at room
temperature, remove stones, plant debris and other
impurities. Then all samples for each sites were
further selected by a four-point method. Selected
samples were grinded, sieved through a 0.147mm
nylon sieve and storage in self-sealing bag for the
next analysis.

parks in Zhenjiang City, China. And analyze the
enrichment factors, geo-accumulation indexes, and
assessment the potential ecological risks of those
heavy metal. Finally, analyze pollution sources of
heavy metal by principal component analysis
(PCA), factor analysis (FA) and correlation analysis
(CA) techniques. The results are expected to provide basic data for soil safety evaluation and soil
pollution control in Zhenjiang industrial park.

MATERIALS AND METHODS
Study area and Samples collected. The study
area is located in green industrial park of Zhenjiang,
China, which belong to the southern bank of the
Yangtze river downstream. There are number
chemical enterprises in this green industrial park
and industry type involving chemical raw materials,
chemical industry, fine chemical new materials and
biological energy and other fields, therefore, the
products type is complicated. According to the spatial distribution characteristics of enterprises in the
industrial park and combined with the field investigation, a total of 7 sampling sites were collected
from the study area for rhizosphere soil samples
collect in vegetable field and the sites were shown

Chemical analysis. 0.1000g of each dry soil
sample was digested by HNO3-HF-HClO4 mixture
in Teflon tubes. Then, the sample digested solutions
were filtered, adjusted to a suitable volume with
double deionized water, and were analyzed for Cr,
Ni, Cu, Cd, Pb and Zn using inductively coupled
plasma emission spectrometer (ICP spectrometer)
(VISTA-MPX, Australia).

FIGURE 1
Research area and sampling sits
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Data calculation. Enrichment factor (EF) of
heavy metal in vegetables rhizosphere soil were
calculated by Eq. (1).

EF = Cis / Cin

in Zhenjiang soil (mg/kg), and their values were
shown in Table 1. k is the background matrix correction factor and its value is 1.5 [9-11]. Tri is the

(1)

Geo-accumulation index ˄ Igeo ˅ were were

toxic response coefficient, and the value of Cr, Ni,

calculated by Eq. (2). According to previous re-

Cu, Cd, Pb and Zn were 2, 5, 5, 30, 5 and 1, respec-

search [9-11], pollution classes were shown in Ta-

tively.

ble 1.
ª Csi º
I geo = log 2 «
i »
¬ k u Cn ¼

Statistical analysis. All of the data calculated
were carried out using Microsoft Office Excel and
the Statistical analysis were carried out using SPSS
software. Correlation analysis (CA) was implemented to determine the relationship among the
heavy metals. Principal component analysis (PCA)
and factor analysis (FA) was performed to determine the common pollution sources [11, 14].

(2)

i

Single potential ecological risk index˄ Er ˅
were calculated by Eq. (3).

Eri = Tri Csi / Cni

(3)
RESULTS AND DISCUSSION

Comprehensive potential ecological risk index
˄RI˅were calculated by Eq. 4). Classification of

Statistical results of heavy metal in vegetables rhizosphere soil. The results of six heavy
metal in vegetables rhizosphere soil of green industry parks were summarized in Table 3. As seen
from Table 3, the content of Cr, Ni, Cu, Cd, Pb and
Zn ranged from 47.67 to 225.87, from 26.65 to
77.96, from 25.79 to 60.81, from 0.14 to 0.50, from
15.76 to 50.97, and from 81.99 to 221.49 mg/kg,
with average values of 83.08, 37.05, 34.20, 0.23,
24.11 and 180.12 mg/kg, respectively. In addition,
the coefficient of variation (C. V) was highest for
Cr (76.15%), followed by Cd (54.30%), Pb
(52.46%), Ni (49.42%), Cu (35.77%), and were
lowest for Zn (26.94%).

potential ecological risk was shown in Table 2 [12,
13].

RI =

n
i=1

Eri =

n
i=1

Tri Csi / Cni

(4)

i

whereˈ Cs were the heavy metal concentrai

tions in vegetables rhizosphere soil (mg/kg)˗ Cn
were the background value of the same heavy metal

TABLE 1
Geo-accumulation index (Igeo) and the pollution classes˄
˄R˅[9-11]
Igeo

Igeo <0

 Igeo <1

 Igeo <2

 Igeo <3

 Igeo <4

 Igeo <5

Igeo

classes
˄R˅

0

1

2

3

4

5

6

pollution
degree

unpolluted

unpolluted to
moderately
polluted

moderately
polluted

moderately
to heavily
polluted

heavily
polluted

heavily to
extremely
polluted

extremely
polluted

TABLE 2
Classification of potential ecological risk [12, 13]
Er
Er<40
Er<80
Er<160
Er<320
Er

Ecological risks index
low
moderate
considerable
very high
dangerous

RI
RI<150
5,
5,
5,

7800

Comprehensive ecological risks index
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TABLE 3
Statistics results of heavy metal content in vegetables rhizosphere soil and environmental
quality standards (mg/kg)
Average
Minimum
Maximum
S.D.1)
CV (%)2)
First grade standard for soil
environmental quality
Secondary standards for soil
environmental quality
Background

Cr

Ni

Cu

Cd

Pb

Zn

83.08±4.32
47.67±1.51
225.87±23.30
63.27±8.37
76.15±6.14

37.05±1.64
26.65±1.94
77.96±1.96
18.31±0.20
49.42±1.67

34.20±2.13
25.79±2.03
60.81±3.03
12.23±0.39
35.77±1.08

0.23±0.04
0.14±0.01
0.50±0.10
0.13±0.03
54.30±5.13

24.11±2.72
15.76±2.00
50.97±3.48
12.65±0.52
52.46±3.81

180.12±9.05
81.99±2.56
221.49±12.12
48.52±3.16
26.94±0.44

90.00

35.00

35.00

0.20

35.00

100.00

350.00

50.00

100.00

0.60

350.00

300.00

83.17

29.20

54.08

0.31

26.03

252.00

1)

S.D.: standard deviation;
2)
CV: coefficients of variation.

FIGURE 2
Heavy metal content in vegetables rhizosphere soil

7801

© by PSP

Volume 27 ± No. 11/2018 pages 7798-7807

Fresenius Environmental Bulletin

values, while the average values of other elements
are lower than the local background values.
In addition, heavy metal content clearly varied
with sampling sites (Fig 2). The highest values of
Cr, Ni, Cu and Cd occurred in S6 site, whereas the
lowest values of these four heavy metal were obtained in S4 site, those similar spatial distribution
patterns of Cr, Ni, Cu and Cd might be the same
input sources in this reach area. Similar reports
were obtained by [12, 14]. For Pb, the highest and
lowest content were found in S6 and S3 site, respectively. For Zn, the highest and lowest content
were found in S5 and S3 site, respectively.

Compared to soil environment quality standard (GB 15618-1995), the average content of Cr,
Cu and Pb are less than first and second class of
soil environment quality standard, while, the average content of Ni, Cd and Zn were higher than first
grade standard for soil environmental quality and
lower than secondary grade standard for soil environmental quality, indicated that Ni, Cd and Zn in
the green vegetable field are all super first grade
standard pollutants. Comparison of metal contamination data of the background value of Zhenjiang
soil (Table 1), the average of Cr, Pb was similar to
the local soil background values and the mean values of Ni are higher than the local soil background

TABLE 4
Statistics results of enrichment factor of heavy metal in vegetables rhizosphere soil
Cr
Average
1.00±0.07
Minimum
0.57±0.03
Maximum
2.72±0.40
0.76±0.14
S.D.1)
CV (%)2)
76.15±8.67
1) S.D.: standard deviation;
2) CV: coefficients of variation.

Ni
1.27±0.08
0.91±0.09
2.67±0.09
0.63±0.01
49.42±2.35

Cu
0.63±0.06
0.48±0.05
1.12±0.08
0.23±0.01
35.77±1.53

Cd
0.74±0.20
0.45±0.12
1.62±0.45
0.40±0.12
54.30±2.29

Pb
0.93±0.15
0.61±0.11
1.96±0.19
0.49±0.03
52.46±5.38

FIGURE 3
Enrichment factor of heavy metal in vegetables rhizosphere soil
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Zn
0.71±0.05
0.33±0.01
0.88±0.06
0.19±0.02
26.94±0.50
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S5 and S7 sites, indicating crustal materials or natural processes impact on the Cr and Cd levels in upper samples sites. EF values of Ni were higher than
1 in S3, S5 and S6 and EF values of Pb were higher
than 1 in S1 and S6, indicated that moderately contaminated by anthropogenic impacts in upper samples sites. For Zn, EF values between 0.33 and 0.88,
indicate that the Zn is entirely from crustal materials or natural processes in all samples sites. Total
EF
values
followed
the
order
of
S6>S1>S2>S5>S7>S3>S4.

Enrichment factor of heavy metal in vegetables rhizosphere soil. Enrichment factor of
heavy metal in vegetables rhizosphere soil were
shown in Table 4 and Fig. 3. The EF values
changed from 0.57 to 2.72, from 0.91 to 2.67, from
0.48 to 1.12, from 0.45 to 1.62, from 0.61 to 1.96
and from 0.33 to 0.88, with the average value of
1.00, 1.27, 0.63, 0.74, 0.93 and 0.71 for Cr, Ni, Cu,
Cd, Pb and Zn, respectively. The average value of
enrichment
factor
followed
the
order:
Ni>Cr>Pb>Cd>Zn>Cu. Our results in this study
were obviously lower than those of previous studies.
For example, Varol [11] reported that EF values
were all higher than 1.5 in the of the Tigris River
sediments.
In addition, the highest EF values of Cr, Ni,
Cu, Cd and Pb were all found at site S6, while the
highest EF value of Zn were obtained at site S5.
According to previous research [11, 15], EF values
higher than 1.5 suggest anthropogenic sources,
whereas EF values between 0.05 and 1.5 indicate
the crustal materials or natural sources s. In addition, Pekey et al. [16] and Hakanson [17] classified
EF into four groups, as follows: EF<1(no metal
enrichment by natural or anthropogenic inputs);
() PRGHUDWHO\FRQWDPLQDWHGE\WKHHOHPHQW 
&) FRQVLGHUDEOH FRQWDPLQDWLRQ  ()! YHU\
high contamination for that metal) [18]. In our study,
EF values of for Cr, Ni, Cd and Pb were higher than
1.5 in the S6 sites, indicated moderately contaminated by anthropogenic impact on the Cr, Ni, Cd
and Pb levels in the site S6, while the EF values for
Cr and Cd were between 0 and 1 in S1, S2, S3, S4,

Geo-accumulation index of heavy metal in
vegetables rhizosphere soil. Geo-accumulation
index of heavy metal in vegetables rhizosphere soil
were shown in Table 5. The average value of Igeo
was -0.80, -0.35, -1.31, -1.14, -0.82 and -1.13 for
Cr, Ni, Cu, Cd, Pb and Zn, respectively. The highest Igeo values of Cr, Ni, Cu, Cd and Pb were all
found at site S6, and their values were all higher
zero and less than 1 (except for Cu), suggesting
³XQSROOXWHGWRPRGHUDWHO\SROOXWHG´FODVVLQ6VLWH
for Cr, Ni, Cd and Pb. For Cu and Zn, The Igeo
values were all were less than zero in all samples
sites, suggesting that these sites were not polluted
by Cu and Zn metals (Table 5).
Judge by the of pollution level (R) (Table 2
and Table 6), 100% unpolluted classes classes were
obtained for Cu and Zn elements at all 7 samples
sites, while, 14.29% unpolluted to moderately polluted were found for Cr, Ni, Cd and Pb elements,
respectively, at all 7 samples sites.

TABLE 5
Statistics results of Geo-accumulation index (Igeo) of heavy metal in vegetables rhizosphere soil
Cr
Average
-0.80±0.04
Minimum
-1.39±0.05
Maximum
0.86±0.15
S.D.1)
0.75±0.05
CV (%)2)
-93.10±10.93
1) S.D.: standard deviation;
2) CV: coefficients of variation.

S1
S2

Ni

Cu

Cd

Pb

Zn

-0.35±0.07
-0.72±0.11
0.83±0.04
0.54±0.01
-155.90±28.66

-1.31±0.09
-1.65±0.11
-0.42±0.07
0.43±0.01
-32.58±1.42

-1.14±0.26
-1.72±0.26
0.11±0.29
0.62±0.03
-53.86±14.68

-0.82±0.18
-1.31±0.18
0.38±0.10
0.60±0.03
-73.58±12.73

-1.13±0.07
-2.20±0.05
-0.77±0.08
0.50±0.01
-44.35±3.72

TABLE 6
Pollution classes (R) of heavy metal in vegetables rhizosphere soil
Cr
Ni
Cu
Cd
Pb
0
0
0
0
0
0
0
0
0
0

Zn
0
0

S3

0

0

0

0

0

0

S4

0

0

0

0

0

0

S5

0

0

0

0

0

0

S6

1

1

0

1

1

0

S7

0

0

0

0

0

0
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correlations among Cr, Ni, Cu, Cd and Pb (P<0.01),
but not significant correlations were obtained between Zn and others heavy metal (P>0.05). This
indicated that Cr, Ni, Cu, Cd and Pb might originate
from the similar pollution sources, however, Zn
might come from different sources.
Principal component analysis (PCA), factor
analysis (FA) and correlation analysis (CA) techniques were widely used to analyze pollution
sources of heavy metal [19]. PCA/FA could be performed on the normalized data by dimension reduction techniques of multiple variables into a few
principal components, which will be a variety of
original variable factors of extraction and simplified
[11, 14].
Principal component analysis results are presented in Tables 9, 10 and Fig. 4. PCA of the entire
data set revealed two PCs with eigenvalues >1 that
explained about 94.82 % of the total variance in the
soil quality data set, means that the first two principal components could reflect the distribution of
heavy metals in collected soil samples. The eigenvalues of first PC values were 4.60, which accounting for 76.66% of the total variance, while the eigenvalues of second PC values were 1.09, which
accounting for 18.16% of the total variance.

Potential ecological risks assessment of
heavy metal in vegetables rhizosphere soil. Ecological risks index of heavy metal in vegetables
rhizosphere soil were shown in Table 7. The values
of ecological risks index changed from 1.15 to 5.43,
from 4.56 to 13.35, from 2.38 to 5.62, from 13.64
to 48.72, from 3.03 to 9.79 and from 0.33 to 0.88,
with the average value of 2.00, 6.43, 3.16, 22.31,
4.63, and 0.71 for Cr, Ni, Cu, Cd, Pb and Zn, respectively. The average value of ecological risks
index order was Cd>Ni>Pb>Cu>Cr>Zn. By classification of potential ecological risk (Table 2), the
average value of ecological risks index for Cr, Ni,
Cu, Cd, Pb and Zn were all lower than 40, indicated
the less toxic for those six heavy metal. Further, the
comprehensive potential ecological risks index (R)
changed from 25.83 and 83.54 and those values
were less than 150, indicating that a slight potential
risk degree in this area. Wang et al. [1] reported that
potential risk was in the order of Pb> Cd >Ni>
Zn>Cu> Cr in vegetable garden soil in suburban
vegetable garden soil in Xianyang City, Northwest
China.
Correlations analysis and principal component analysis. Correlation analysis results were
shown in Table 8. There were significant positive

TABLE 7
Ecological risks index˄
˄

Eri

˅Comprehensive Ecological risks index (RI)

Eri

RI

Cr

Ni

Cu

Cd

Pb

Zn

S1

1.48±0.07

4.91±0.37

2.98±0.29

21.89±6.81

5.60±1.02

0.85±0.16

37.72±8.73

S2
S3
S4
S5
S6
S7

1.38±0.11
1.64±0.07
1.15±0.05
1.49±0.11
5.43±0.79
1.42±0.04

4.98±0.47
6.20±0.66
4.56±0.65
5.54±0.33
13.35±0.47
4.87±0.17

2.55±0.21
2.79±0.27
2.38±0.27
2.50±0.26
5.62±0.40
3.32±0.26

22.43±5.77
18.49±4.50
13.64±4.11
15.57±2.48
48.72±13.62
15.41±4.49

3.85±0.89
3.03±0.54
3.35±0.69
3.47±0.57
9.79±0.94
3.34±0.51

0.75±0.05
0.33±0.01
0.74±0.03
0.88±0.01
0.62±0.04
0.84±0.06

35.94±7.29
32.47±6.06
25.83±1.04
29.45±3.74
83.54±16.27
29.19±5.18

Average
2.00±0.15
6.43±0.40
Minimum
1.15±0.05
4.56±0.46
Maximum
5.43±0.79
13.35±0.47
1.52±0.28
3.14±0.05
S.D.1)
76.15±8.67
49.42±2.35
CV (%)2)
1) S.D.: standard deviation;
2) CV: coefficients of variation.

3.16±0.28
2.38±0.27
5.62±0.40
1.13±0.05
35.77±1.53

22.31±4.99
13.64±0.37
48.72±13.62
12.11±4.31
54.30±7.26

4.63±0.74
3.03±0.54
9.79±0.94
2.43±0.14
52.46±5.38

0.71±0.05
0.33±0.01
0.88±0.06
0.19±0.02
26.94±0.50

39.16±6.60
25.83±0.31
83.54±16.27
19.99±4.75
51.05±3.54

TABLE 8
Correlation analysis among heavy metals in vegetables rhizosphere soil
Cr
Ni
Cu
Cd
Pb
Zn
*

Cr

Ni

Cu

Cd

Pb

Zn

1.000
**
0.995
**
0.965
**
0.968
**
0.933
-0.256

1.000
**
0.943
**
0.952
**
0.901
-0.331

1.000
**
0.932
**
0.921
-0.184

1.000
**
0.961
-0.229

1.000
-0.048

1.000

Significant correlation at the 0.05 level;

**

Significant correlation at the 0.01 level
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TABLE 9
Rotated component matrix for heavy metals in vegetables rhizosphere soil
Variables

Component
F1
0.989
0.963
0.948
0.961
0.915
-0.185
4.6
76.661
76.661

Cr
Ni
Cu
Cd
Pb
Zn
Eigenvalue
% of variance
Cumulative %

F2
-0.051
-0.161
0.064
0.034
0.32
0.976
1.09
18.161
94.823

TABLE 10
Factor analysis for heavy metals in vegetables rhizosphere soil
F1
0.989
0.963
0.948
0.961
0.915
-0.185

Cr
Ni
Cu
Cd
Pb
Zn

F2
-0.051
-0.161
0.064
0.034
0.32
0.976

FIGURE 4
Loading values of the principal components
Cr, Ni, Cu, Cd and Pb showed a strong association (loading >0.90) with the first factor (F1)
(76.66%). In addition, significant positive correlations were found among the Cr, Ni, Cu, Cd and Pb
(P<0.01). Correlations analysis and principal component analysis results indicated that Cr, Ni, Cu, Cd
and Pb might come from the common sources in
this region. The second factor (F2), 18.16% of variance, was composed by Zn was distributed in F2
(loading>0.90). The F2 represents anthropogenic
sources.

in Zhenjiang City, China. And analyze the enrichment factors, geo-accumulation indexes, and assessment the potential ecological risks of those
heavy metal. Finally, analyze pollution sources of
heavy metal by principal component analysis/factor
analysis (PCA/FA) and correlation analysis (CA)
techniques. The results demonstrated the content of
Cr, Ni, Cu, Cd, Pb and Zn were obviously difference in seven samples sites. Moderate pollution was
obtained in S6 site by enrichment factors, geoaccumulation indexes values, indicated slight potential risk in this site. The Cr, Ni, Cu, Cd and Pb
might come from the common sources of parent
rocks in this region, while Zn could have not a
similar pollution sources with others metal in this
study, which might represent anthropogenic sources.

CONCLUSION
In summary, this study measured the distribution characteristics of Cr, Ni, Cu, Cd, Pb and Zn in
vegetables rhizosphere soil in green industry parks
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ABSTRACT

INTRODUCTION

The use of mulch is an important application
in the conservation of water in the soil for a longer
period of time. As mulch materials, organic and
inorganic materials can be used. The use of mulch
in researches was generally evaluated during plant
growth season. In this study, it was carried out only
in certain soil conditions without any plant growth.
The aim of the study was to determine the change
in the soil water content under the conditions where
an organic mulch (straw), raking and no treatment
were applied. Four treatments compared were A)
Mulch application with straw (organic mulch material) immediately after the soil was saturated; B)
Roughly 3 days after the water was applied, the
raking was done; C) When the raking was done,
straw (organic mulch material) and mulch application were done; D) Control treatments without any
special application. The study was carried out in 16
square borders with soil embankments and 4 treatments and 4 replications. Each square border was
formed in 1x1 m dimensions. A distance of 2 m was
left between the square borders. Soil water content
was measured at 20, 30, 40, 50, 60, 70, 80 and 90
cm depth with neutron meter. Neutron meter tubes
were placed in the center of the square borders with
soil embankments. In the study, reference measurements were made before applying water to the
square borders. Then each square border was filled
with water to saturate soil profile. Changes in soil
water content were observed at specific time intervals after saturation. At the end of the study, the
water content of the soil was calculated as 41.28
mm for A, 48.71 mm for B, 47.35 mm for C and
52.72 mm for D. The loss of soil water content was
ranked as A<C <B <D.

Climate change is not only related to the increase in temperature, but also it deals with changes
in total amount of precipitation, its temporal and
spatial distribution, impacts of any changes in hydro-climatologic variables on environment and
agricultural livelihoods, and so on. Under stationary
conditions, it is assumed that precipitation amount
of any region is constant. However, the global
warming phenomenon has rendered invalid the
stationary assumption and caused a reduction in
surface flows. For example, Önder and Önder [1]
pointed out that there has been about 30% decreases
in surface flows due to global warming, indicating
non-stationarity in hydro-meteorological variables.
This example shows a decrease in the quantity of
water resources. One of the most important consequences of global warming is on the increase of
drought events and extent of drought prone areas
that causes adversely the demand for water resources. In this regard, water conservation is of
great importance to save every drop of available
water during dry spells. There is no doubt that,
anyhow, drought is an inevitable natural phenomenon, caused and/or accelerated by the climate
change that has manifested itself in recent years.
Different definitions can be made for drought,
which is a hydrological, meteorological, agricultural and socioeconomic term. In general, for drought,
there may be a description of the lack of plant development or the pause in the plant development
due to the water shortage in the root-zone during
the long, non-precipitation periods, i.e., dry spells.
In other words, water for the plant development
cannot be found in the root zone, when needed, due
to lack of rainfall during the growing season of the
plant. Turkes [2] defined drought as a naturally
occurring phenomenon that occurs when the rainfall
is well below the normal level and leads to serious
hydrological imbalances that adversely affect land
resources production systems. In particular, agricultural drought, which is a naturally occurring phenomenon, causes water deficiency in the root zone,
leading to restrictions on gas exchange with the
closure of stomata in the plant. Thus, in the plants

KEYWORDS:
Neutron meter, soil water content, organic mulch,
drought.
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plant wastes could be used as input materials in
mulching for conserving soil water in the root-zone.
As expected, the largest user of water in Turkey is the agricultural sector with a rate of approximately 74%. On the other hand, approximately
21% of potentially irrigable areas have been under
irrigation presently. Efficient use of existing water
resources will play an important role in order to
increase irrigated lands. To this aim, reducing water
in agriculture will become a necessity. The use of
mulch for soil water conservation seems as an important application to reduce irrigation water demand because it is a necessity to use water economically in the regions where water resources are
limited. If, for any reason, water in the plant rootzone is less than necessary, there will be a decrease
in the yield. Favorable soil water content enhances
the efficiency of other agricultural activities in
agricultural production. Therefore, it is extremely
important to conduct studies to prevent water loss
in the soil.
In Turkey, the use of mulch has been discussed in many studies [6, 8, 9]. The use of mulch
in these studies was evaluated during the plant
growing season. This study, however, was carried
out only in certain soil conditions without any plant
growth. The aims of this study were two-fold: a) to
determine the changes in soil water content by the
soil depth under the conditions where organic
mulch (straw), raking and no treatment were applied, b) to quantify depletion of total water amount
as mm in the root-zone by time.

which are exposed to water deficiency, the intake of
carbon dioxide is limited. In this case, widespread
losses are seen in crop yield. Drought may be shortlived, depending on meteorological conditions, or it
may take much longer. Long or short duration of
drought is an important factor that directly affects
plant development. On no account, it is very important to maintain the available water in the rootzone for a longer period of time in order to assure
plant growth. Therefore, it is necessary to try to
find new practices or applications that can substantially save soil water for agricultural production.
One of these applications is the use of mulch. The
use of mulch has many benefits in addition to keeping the water in the soil for a long time such as
increasing plant growth and yield, positively affecting soil structure, increasing microorganism activity
in the soil, preventing erosion [3]. Mulch application can prevent water loss caused by evaporation
from the soil. Mulch materials in sufficient thickness that do not contain weed seeds and microorganisms reduce the growth of weeds [4]. For mulch
application, plastic scraps or plant residues such as
straw or stubble can be used. Mulch application or
dead vegetation application affect the water capacity of the soil positively by reducing evaporation
from soil surface.
It has been reported by Ekinci and Dursun [5]
that mulch application reduces labor requirements,
and soil structure is protected and improved, loss of
water and nutrients is reduced, cleaner fruits are
obtained, disease and pest control and product cost
are reduced. The materials used for mulch are
named in two groups as organic and inorganic ones
[5]. Materials made of plastic, aluminum, paper and
mixtures of these can be classified as inorganic
mulch materials. In addition, plastic foam, asphalt
and petroleum melts can also be used as inorganic
mulch materials. Organic mulch can include straw,
hay, sawdust, etc. Organic mulch particles regulate
the water uptake of organic mulch, reduce washing
and erosion in the soil [5]. Organic mulch particles
slow down water uptake and allow water to penetrate properly into the soil. In addition, organic
mulches decompose in the soil and become humus
by the end of the growing season. It is also reported
that this helps to enhance the structure of the soil
[5]. Similarly, it has been reported by Karamürsel
[6] that mulching materials significantly conserves
soil water. Accordingly, the amount of irrigation
water to be applied is reduced to some extent and
water is saved in favor of other water demanding
sectors. Due to these reasons, both the amount of
irrigation water and the number of irrigations are
higher in the control areas than in the irrigation
areas where mulch was used [6].
In order to prevent environmental pollution
and to evaluate vegetable wastes, it was suggested
by Küçükyumuk [7] that stem, straw, greenhouse

MATERIALS AND METHODS
The study was carried out in the experimental
field of the Department of Agriculture Structural
and Irrigation, Faculty of Agriculture, University of
Çukurova, Adana, Turkey. The experimental field
is located in the South of Turkey at 36° 59' N latitude and 35° 18' E longitude, and the altitude is 20
m. In the study area where the Mediterranean climate is dominant, summers are warm and dry;
winters are moderately cold and rainy. The longterm average temperature in the region is 18.8 °C.
The hottest month is August of 28.1 °C and the
coldest month is January by 9.9 °C. Nearly all of
the precipitation falls in the winter months. The
average annual precipitation is approximately 647
mm.
Experimental site is located in the Mutlu soil
series with high-swelling clays through the profile.
The soil is medium in terms of lime, and dominant
colour is dark reddish brown [10]. The topography
is rather flat of less than %0.1 slope.
As shown in Table 1, the pH of the experimental soils is 7.7 - 8.0, and electrical conductivity
is 0.16-0.25 dS m-1 of 1.16 - 1.25 g cm-3 bulk density. The field capacity varies between 0.40 - 0.41
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cm3 cm-3 and permanent wilting point is between
0.26 and 0.28 cm3 cm-3. Available water content, on
average, is about 117 mm per 90 cm which is considered as the root-zone.
Details of the treatments investigated in the
study are given in Table 2. The study was carried
out in 4 treatments and 4 replicates in a total of 16
square borders with soil embankments (Figure 1).

Fresenius Environmental Bulletin

Each square border is formed in 1x1 m dimensions.
A distance of 2 m was left between the square borders in order to refrain negative effects of treatments. Soil water content was measured at 20, 30,
40, 50, 60, 70, 80 and 90 cm depths with neutron
probe. Neutron probe tubes were placed in the center of the square borders with soil embankment.

TABLE 1
Some physical and chemical properties of the experimental soil.
Depth
Sand Silt Clay
OC
TN
ECe
BD
PWP
FC
pH
(cm)
(%)
(%)
(%)
(%)
(%)
(dS m-1)
(g cm-3)
(cm3 cm-3)
(cm3 cm-3)
0-30
22
21
56
0.80 0.075
0.25
7.8
1.19
0.26
0.40
30-60
21
22
57
0.55 0.045
0.18
7.7
1.19
0.26
0.40
60-90
21
22
57
0.30 0.025
0.19
7.7
1.16
0.28
0.41
90-120
21
22
57
0.06 0.004
0.16
8.0
1.25
0.28
0.41
OC: Organic carbon; TN: Total nitrogen; ECe: Soil salinity; pH: pH in water; BD: Bulk density; PWP: Permanent wilting point; FC: Field capacity.
TABLE 2
Description of the treatments in the experiment.
Treatments
A
B
C
D

Description
MULCHING_1: Mulch application with straw (organic mulch material) immediately after the
soil profile was saturated.
RAKE: Roughly 3 days after the soil profile was saturated, the raking was done.
MULCHING_2: When the raking was done, straw (organic mulch material) application were
done.
CONTROL: Control treatment without any special application.

FIGURE 1
Experimental design.
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TABLE 3
Time schedule of soil water content readings with neutron probe.
Sequence of monitoring
1
2
3
4
5
6
7
8
9
10
11

Coded time for lectures
T0
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10

Description
Before the soil profile was saturated (dry conditions).
Just after the soil profile was saturated (the most wet case).
After 3 days since the soil profile was saturated.
After 7 days since the soil profile was saturated.
After 11 days since the soil profile was saturated.
After 18 days since the soil profile was saturated.
After 25 days since the soil profile was saturated.
After 32 days since the soil profile was saturated.
After 39 days since the soil profile was saturated.
After 46 days since the soil profile was saturated.
After 53 days since the soil profile was saturated.

Soil water content (cm3 cm-3)



A

Depth (cm)

B

C

D

T0

T1

T10

FIGURE 2
Mean changes in soil water content for T0 (dry case), T1 (the most wet case) and T10.
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The decreasing tendency of the average water
content in the 90 cm soil profile from saturation
with the water (from T1) to the end of the experiment (T10) is given in Figure 3. As expected, a
decrease in soil water content over time was identified for all treatments. This is normal as well as
inherited behavior of soil moisture content. However, the declining trend of soil water content in the
areas C and D were high of R2=0.98 and 0.95, respectively, for the relationship between different
time intervals. The water content in area D, where
no mulch application was performed, was found to
be at the lowest levels.
In the study, the temporal changes of the
amounts of stored water in the root-zone -saturated
with the water- is given in Figure 4. Comparisons
were made based on the T0 measurement. Water
contents stored in A and C treatments were higher
than the treatments B and D. In comparison to the
initial stored water (i.e., at T0), there was no storage in treatment D after T8 measurement, but the
other treatments.
The amounts of water lost from the soil profile, i.e. evaporation, for each treatment, in contrast
to Figure 4, are shown in Figure 5. As mentioned
before, at the time of T1, all the square borders
were saturated with water. As seen in Figure 5, the
highest water loss from the soil profile occurred at
T10, indicating clearly the accumulated effect of
evaporation. At each measurement, the calculated
soil water amount in the profile was subtracted
from the total soil water stored at T1 (reference
measurement) in order to get accumulated soil
water loss from profile. The total amount of water
lost from the soil profile during the observation
period is ranked as D>B>C>A. It should be noted
that treatment D is the control and no preventive
measures are taken to preserve soil water.

In order to figure out the change in the soil
content for the treatments discussed in the study,
measurements were made with neutron probe at
different times in the square borders with soil embankments. Measurement schedule and explanations for the measurements are given in Table 3.
Initially, measurements were made in dry conditions without any water being applied to the square
borders (T0). Immediately after the soil profile was
saturated, the second measurements were made
(T1). After the second measurement, observations
were made at intervals of three and four days until
the fifth measurement. After the fifth measurement,
the observations were scheduled as once a week. In
total, the soil water content was measured 11 times
with the neutron meter (Table 3).
Each neutron probe readings is converted to a
counting ratio by standard neutron probe readings
done in pure water tank. Then, the volumetric water
content (cm3 cm-3) was again calculated from the
counting rates for each square border. This process
was performed separately for depths of 20, 30, 40,
50, 60, 70, 80 and 90 cm at eleven measurements.
Thus, for all treatments in the study, the water content changes in the soil profile were determined as
volumetric (cm3 cm-3) at each depth (cm).

RESULTS AND DISCUSSION

     

 





Soil moisture reading were done for a total of
53 days. Figure 2 shows the changes in mean soil
water content before the treatment, i.e., no-water
application (T0), just after the treatment (T1) and
53-day later since the treatment started (T10). In
general, the soil water content at the end of the
study (T10) declined to the initial soil water content
level (T0).















FIGURE 3
The decreasing trend in soil water content of treatments in the soil profile from T1 to T10.
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Soil water stored (mm/90cm)

60
50

A

B

C

D

40
30
20
10
0

T4
T5
T6
T7
T8
Time (from T1 to T8)
FIGURE 4
Temporal changes in the amount of water stored in the soil profile by treatments of A, B, C and D,
compared to T0.
60

Soil water reduced (mm/90cm)

T1

T2

T3

50

A

B

C

D

40

30
20
10
0
T2

T3

T4

T5
T6
T7
T8
T9
T10
Time (from T2 to T10)
FIGURE 5
Accumulated soil water loss (evaporation) from the soil profile of 90 cm by the treatments of A, B, C and
D. Accumulated evaporation was set to null at T1.
water content in the treatment D was found to be
higher. In general, temporal changes of the soil
water content in A, B and C exhibited a similar
attitude in the 70 cm to 90 cm deep layers. In the
treatments of A, B and C, the water content was
higher in the last three layers of the soil profile (70
cm by 90 cm). In particular, it can be clearly seen
that the water content under the treatment of D
remains at the very low levels.

The change in soil water content over time for
each layer of 20, 30, 40, 50, 60, 70, 80 and 90 cm,
where the soil water content was measured with a
neutron moisture meter, can be seen in Figure 6. In
general, the tendency of water content in the 20 cm
layer was to decrease over time and showed a similar attitude up to T7. After T7, the tendency of the
soil water content to decrease in B is lower. On the
contrary, after T8, the tendency of decrease in soil
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0.20
0.45

0.40

Soil water content (cm3 cm-3)

0.35

Depth (cm)

0.30

20 cm
30 cm
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B

40 cm
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0.20
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0.40
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0.35



0.30
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C

0.20
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0.40

0.35

0.30

0.25

D

0.20
0
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20
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40

50

60

7LPH
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(  )
FIGURE 6
The soil water content over time (from 0 to 53 days) for each layer of 20, 30, 40, 50, 60, 70, 80 and 90 cm of
the soil profile.
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in certain soil conditions without any plant production. The use of mulch during plant production will
give a fairly accurate result on the conservation and
efficient use of water in the soil. However, in order
to determine the distinctive effect of the use of the
mulch on the conservation of water in the soil profile, the result of the study without mulch and with
mulch application under the conditions of no-plant
production will be clearer. Therefore, the result of
our study is very important because water will be
more precious in the future than today.

The average total water content in the 90 cm
soil profile at T0 was measured as 361.8 mm for A,
377.5 mm for B, 340.3 mm for C and 332.0 mm for
D. At T1, all treatments were tried to saturate by
applying irrigation water.
After applying irrigation water to the borders,
the average total water content in the 90 cm soil
profile at T1 was calculated as 409.4 mm for A,
423.7 mm for B, 389.3 mm for C and 372.1 mm for
D.
In T10, the average total water content in the
90 cm soil profile was measured as 368.2 mm for
A, 375.0 mm for B, 341.9 mm for C and 319.3 mm
for D.
From T1 to T10, the water lost in the soil was
calculated as 41.3 mm for A, 48.7 mm for B, 47.4
mm for C and 52.7 mm for D. As a result, the loss
of water content among the treatments investigated
in the study was ranked as A <C <B <D.
As shown in Figure 3, the water stored for all
treatments tended to decrease over time as expected, as in Figure 4. However, the D-treatment
remained at the lowest level in terms of stored water. On the other hand, the treatments A and C, in
general, were found to be a more favorable situation in terms of water storage. From T1 to T6, water
stored in C was higher than in other treatments,
whereas it was found that water in A was more
advantageous from T7 to T10.
The use of mulch materials in the preservation
of soil water for a longer period of time is an important application. Küçükyumuk [3] reported that
the use of mulch allows the water to be retained in
the soil for a long period of time. At the same time,
sufficient amount of mulch materials that do not
contain weed seeds and microorganisms reduce the
growth of weeds [4]. In addition, mulch application
reduces the need for labour, protects and improves
soil structure, reduces water and nutrient losses,
produces cleaner fruits, controls disease and pests,
and decreases product costs [5]. Karamürsel [6]
reported that in the same irrigation programs, the
amount of irrigation water and the number of irrigation in the control areas were higher than those
where mulch was used.
%D\UDPR÷OX [9] conducted a study to determine the xeriscape suitability of the grassroots in
the central refuge plant groups and the green spaces
on the main road at the Karadeniz Technical University Kanuni Campus, and to bring appropriate
solution proposals, and it was concluded that the
grass mixture used in the study was favourable in
terms of water saving and durability resistance, but
it was more suitable to use natural ground cover
and mulch in terms of xeriscape arrangement instead of dense grass surfaces [9].
In these studies, which were conducted in
Turkey, the use of mulch was examined during the
vegetable production and very promising results
were obtained. In our study, it was carried out only

CONCLUSION
In the study, initial soil moisture readings
were made in the soil profile of 90 cm depth under
natural conditions in order to understand existing
soil water status in the profile. Then, square borders
of 1 m by 1 m was established and saturated with
water. Just after water application, total amount of
water in the root-zone were determined at each
location. Later on, changes in the soil water content
were observed at specific time intervals in order to
figure out how much water is being lost by evaporation from different mulching practices. The study
lasted for about two months. In terms of the amount
of water stored towards the end of the period, the
D-treatment (control) remained at the lowest level,
indicating that most of water in the root-zone lost
by evaporative forces under natural conditions.
Then the treatment B (Raking) was in the second
rank regarding waste of water stored in the rootzone. From the beginning of the study to the T7
(until 32 days since the start of experiment), it was
realized that more water was stored in C (ranking
plus organic material usage as mulch) in comparison with the treatments A, C and D. It reveals that
the only mulch application is not as effective as
ranking plus organic mulching in order to save soil
water stored in the soil profile. Nevertheless, the
study concluded that the use of only straw as an
organic mulch material has a positive contribution
to the amount of water stored in the soil in comparison with the natural conditions as in the case of
control treatment.
Until 32 days since the start of the experiment
(coded as T7), it was found that the amount of water stored in the treatment C was more than the
water stored in the treatment A. From the T7 until
the end of the study (53 days later), the treatment A
was found to be the one with the most stored water.
The study concluded that the use of straw, an organic mulch material, contributed positively to the
amount of water stored in the soil. However, it
should be suggested that raking concurrently with
straw application over the soil after any rainfall or
irrigation event will help us conserve efficiently
soil water stored in the profile.
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[9] %D\UDPR÷OX ( (2016) Sustainable landscape
approach: Evaluation of xeriscape landscape
design in KTU Kanuni Campus. Artvin Coruh
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EFFECT OF BIOSYNTHESIZED IRON SULFIDE (FeS)
NANOPARTICLES ON THE GREEN PEACH APHID MYZUS
PERSICAE (HOMOPTERA: APHIDIDAE) LONGEVITY AND
FECUNDITY
Hassan M Asoufi1, Tawfiq M Al-Antary2,*, Akl M Awwad3
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2

short life cycle [4, 5] and more than 15 generations
were mentioned for the green peach aphid throughout the year in Jordan [4]. Chemical control is the
most commonly used strategy against the green
peach aphid, including insecticides such as organophosphates and carbamates [4, 5]. But these chemicals have several problems to users. It has also
undesirable effects, including toxicity to no target
organisms and environmental and human health
concerns [4, 6].
Now a day, nanotechnology is new disciplinary to enter commercialization area. NPs are
showing promise in different fields of agricultural
biotechnology [7]. Stadler et al. [8] were used nano
alumina to control two stored grain pests like
Sitophilus oryzaeand Rhyzoperthadominica. The
synthesized Ag NPs have the potential to be used as
an ideal eco-friendly approach for the control of the
S. oryzaeas reported by AbduzZahir et al. [9].
Nano-gel was found to be suitable for management
of fruit fly, Bactrocera dorsalisas reported by Bhagat et al. [10]. Management of insect pests through
the formulations of nanomaterials-based insecticides showed potential use and benefits as documented by [11, 12].
This study aimed to investigate the efficacy of
biosynthesized FeS NPs on the green peach aphid
(GPA) longevity and fecundity as promising tool to
be implemented in GPA management

ABSTRACT
In this study, the iron sulfide (FeS) nanoparticles synthesized using Artemisia herba-alba plant
leaves extract as stabilizing and dispersing agent
and characterized using different techniques such as
X-ray diffraction (XRD), UV-vis absorption spectroscopy (Uv-vis) and transmission electron microscope (TEM). The morphology of biosynthesized
iron sulfide nanoparticles was spherical in shape
with 40 nm in size. The efficacy of green synthesized FeS NPs against the green peach aphid longevity and fecundity was evaluated. The results
revealed that the biosynthesized FeS NPs had significant effect on the green peach aphid longevity
and fecundity for three generation. In conclusion,
the biosynthesized iron sulfide nanoparticles were
potential to be implemented in integrated pest management of the green peach aphid after investigation at the field level.

KEYWORDS:
Iron sulfide nanoparticles, Green peach aphid, Artemisia
herba-alba, Characterization, longevity, Fecundity.

INTRODUCTION
The green peach aphid Myzuspersicae Sulzer
(Homoptera: Aphididae) is one of the major pest
vegetable as well fruit crops worldwide. More than
40 plant families were reported as hosts to the green
peach aphid [1, 4]. The green peach aphid has an
economic importance as phloem feeder and virus
transmission [2, 4]. Many of plants viral diseases,
namely; tobacco bushy-top virus, potato virus Y
(PVY), potato leaf roll virus (PLRV), beet yellows
virus (BYV) and beet mild yellowing virus
(BMYV) were reported to be transmitted via GPA.
It is also a vector of tomato, lettuce, dahlia, canna
and bee mosaics, tuber spindle and rugose mosaics
[3, 4]. Biologically, the green peach aphid has a

MATERIALS AND METHODS
Culture Preparation and Rearing of The
Green Peach Aphid. Pure the origin of the green
peach aphid culture was from infesting pepper plant
by adults collected from Ghor al Safi research station. The culture of the green peach aphid was established on pepper plants in the growth chamber
under lab conditions at Shouback Center for Agricultural Research (20-24C and 16L:8D photoperiod) to get high population of the GPA. New pepper
transplants were provided as needed. To get rid of
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Effect of Biosynthesized Fes Nps on the
GPA Fecundity. The effect of different concentration of biosynthesized FeS NPs on the fecundity of
the green peach aphid was evaluated. Clip-on cage
was used. In each clip-on cage, one new nymph
(one day old) from the surviving adults of those
treated with the LC50 concentration of FeS NPs
and remained alive after 48 hrs was taken using fine
brush to clip on cage placed on healthy sweet pepper plant leaves as previously described and used
by Al Antary and Khader [14]. Three clip-on cages
/ plant and one nymph /clip on cage were used for
each concentration. The given nymphs were counted until the mother death. The number of nymphs
produced by one adult was considered as the fecundity. The means were calculated, for the adults of
the first generation. The procedure was repeated for
the other two generations for each FeS NPs and the
controls.

resistance, the green peach aphid was reared for 10
generations on pepper plant before used in the
study.
Iron Sulfide Nanoparticles. The iron sulfide
nanoparticles (FeS NPs) was synthesized using
Artemisia herba-alba plant leaves extract as stabilizing and dispersing agent. The size and morphology of biosynthesized FeS NPs was characterized
using different techniques such as X-ray diffraction
(XRD), UV-vis absorption spectroscopy (Uv-vis)
and transmission electron microscope (TEM) as
reported by Asoufi et al. [17]. The toxicity of biosynthesized FeS NPs was assessed against early and
late nymphal instars of the green peach aphid to
determine the LC50. In which the dipping method
adopted by Paramasivam and Selvi [ 13] in which
infested leaves of the pepper plants by the green
peach aphid (GPA) (50- 60 apterous aphid individuals) were used

Statistical Analysis. All the data collected and
subjected to SPSS program (version 20) to obtain
the LC50, 95% confidence limits (CL), L.E.P.R
(line estimated by probit regression and Slope ± SE,
and Chi square. ANOVA analysis of variance was
also done. The LSD mean separation was used to
test significantly and separation between means.

Effect Of The Green Synthesized Iron Sulfide Fes Nps On Gpa Longevity. Different concentrations of FeS NPs from the stock solution
(3400 ppm) were prepared in 500 mL final volume.
The effect of different concentrations of FeS NPs
on the GPA longevity was conducting as previously
described and used by Al Antary and Khader, [14].
One new nymph (one day old) from surviving
adults of those treated with LC50 concentrations of
FeS NPs and still alive after 48 hrs was taken using
fine brush to clip on cage presented on healthy
sweet pepper plant leaves. Five clip/plants and one
nymph /clip were used for each concentration. Each
nymph was observed until adult emergence and
death. The given nymphs from one of these adults
were observed until death. The period in days recorded from birth to death was considered as the
longevity. The period means were calculated, for
the adults of first generation and for the other two
generations. The same procedure was repeated
separately for each biosynthesized FeS NPs concentration and the controls.

RESULTS AND DISCUSSION
FeS NPs Characterization and Documentation. The XRD profile of green synthesized iron
sulfide nanoparticles (Figure 1) indicated the coexistence of two different structures. The diffraction
SHDNVDWș o, 15.96o, and 30.24o correspond
to the (011), (111), and (102), respectively, which
indicate the presence of FeS nanocrystals (JCPDS
File No. 76-0964). The average particle size was
calculated using the Debye-Scherrer equation, as
reported by Asoufi et al. [14].

FIGURE 1
XRD pattern of biosynthesized FeS nanoparticles
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FIGURE 2
UV-vis Spectrum of synthesized FeS NPs and plant extract

FIGURE 3
TEM images of synthesized FeS NPs using A. herba-alba leaves aqueous extract.
TABLE 1
Regression analysis of iron sulfide (FeS NPs) nanoparticles toxicity against the early and late nymphal
instars of the green peach aphid using dipping method under lab conditions.
LC50
Nymphal
95% CL
L.E.P.R
Slope
Chi-square
Treatment
ppm
instar group
Early
251
124-268
Y=-1.17X+2.19
0.94
8.3
FeS NPs
late
302
153-329
Y=-1.12X+2.22
0.89
6.7
late nymphal instars of the green peach aphid was
251 ppm and 302 ppm, respectively (Table 1). Estimated Chi-square analysis was also represent
goodness of fit (high correlation) between concentrations used and the mortality percents at 0.05
probability level. Chi- square shows low values at
0.05 probability level against early and late nymphal instars of the GPA after 24 hours respectively
(Table 1).

The surface of iron sulfide NPs produced a
peak centered around 312 nm, (Figure 2). No UVVis peaks appeared due to the aqueous extract of
A.herba-alba leaves, as reported by Asoufi et al.
[14]. The TEM micrograph clearly showed
nanostructure homogeneities with spherical morphologies of FesNPs. The TEM observation
showed the nanospheres with an average diameter
of 40 nm (Figure 3), as reported by Asoufi et al.
[14].

Effect of Iron SulfideNps On GPA Longevity. The results presented in Table (2) showed that
the highest concentrations of synthesized FeS NPs
(600, 800, and 1000 ppm) had effects on the longevity of the GPA compared to the control. There

Toxicity Assessment and LC50 Determination. The Probit regression analysis using SPSS
version 20 results determined the estimated LC50.
The estimated LC50 of FeS NPs against early and
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Effect of Iron SulfideNps on GPA Fecundity. The results showed that the highest fecundity
was in the second and third generations, while the
low fecundity was in the first generation (Table 2).
The overall means for the fecundity effect was 10.7,
13.5 and 17.2 individuals/female among the three
generations, respectively. However, there were
significant differences between different concentrations of synthesized FeSNPs in their effect on fecundity of the GPA within each generation (Table
2) and the controls. The fecundity decreased as the
concentration was increased. These results agreed
with that reported by Chen et al. [16]. They found
that higher concentrations of iron oxides nanoparticles ( DQG ௗȝJJ) reduced D. melanogasterfemal fecundity and disrupted the development
from oogenesis to adult emergence. In addition, the
results obtained through the present study were also
similar to that reported by Al-Antary and Khader
[14]. They found that the Karate (pyrethroid) insecticide strongly decreased the longevity and the
fecundity of M. persicae.
In conclusion, the biosynthesized iron sulfide
nanoparticles were potential to be implemented in
integrated pest management of the green peach
aphid after investigation at the field level.

were significant differences between different concentrations of FeSNPs effect on longevity for the
three generations of the GPA. The significances
were 0.03, 0.02 and 0.2, respectively based on one
way ANOVA analysis using SPSS analysis program. The longevity of green peach aphid female
was decreased as the concentration of the FeSNPs
increased for each one of the three generations.
However, there was no difference among the three
generation in term of longevity. The overall means
for the longevity effect of synthesized FeS NPs
showed no significant differences. The longevities
were 11.8, 12.4 and 12.8 days for the three generation, respectively, which might be due to contact
effect of FeS NPs. These obtained results were
similar in trend to those reported by Araj et al. [15].
They found that Ag NPs decreased Drosophila
melanogaster larval longevity significantly compared with the control. These results also, agreed
with work of Chen et al. [16]. They indicated that
the uptake of 300 to 600 mg/g of iron oxides nanoparticles by D. melanogaster had delayed development of egg-pupa and pupa adult transition which
lead to delay in longevity. Al-Antary and Khader
[14] also, reported that Karate 5% EC (Pyrethroids)
insecticide significantly reduced the longevity of M.
persicae along three generations.

TABLE 2
The effect of different concentrations of green synthesized FeS NPs on longevity and fecundity of
Myzuspersicae for three generations under lab conditions.
Generation
Treatment
Longevity
Fecundity
(ppm)
(Days) ±SE
(individuals/female) ±SE
11.00 a± 0.3
50
14.4 a± 0.7
b
100
12.6 ± 0.2
11.2 a± 0.4
c
200
11.4 ± 0.4
10.4 ab± 0.2
c
400
10.8 ± 0.4
10.4 ab ± 0.2
1st generation
9.4 bc± 0.2
600
9.6 d± 0.2
800
9.4 d± 0.2
9.4 bc± 0.2
d
9.0 c ± 0.3
1000
8.6 ± 0.2
a
Control (water)
15.4 ± 0.7
12.8d ± 0.2
a
Control (extract)
14.2 ± 0.4
12.6 d± 0.7
a
50
14.6 ± 0.9
14.6 a± 0.9
b
100
13.6 ± 0.4
12.8 b± 0.5
c
200
12.2 ± 0.3
12.8 b± 0.2
c
400
11.4 ± 0.5
11.6 c± 0.7
nd
c
2 generation
600
10.8 ± 0.2
11.4 c± 0.7
d
800
10.0 ± 0.3
11.4 c± 0.4
10.8 c± 0.5
1000
9.0 d± 0.3
18.8 d± 0.7
Control (water)
16.0 d ± 0.8
Control (extract)
14.4 d ± 0.8
17.0 d± 1.2
19.6 a± 0.4
50
15.2 a± 0.5
100
14.0 a± 0.3
19.4 a± 0.5
b
200
13.4 ± 0.2
16.8 b± 0.4
c
15.6 bc± 0.6
400
11.6 ± 0.2
rd
c
3 generation
600
11.2 ± 0.4
14.6 bc± 0.2
d
14.4 c± 0.8
800
10.0 ± 0.3
d
1000
9.6 ± 0.2
12.4 d± 0.4
a
Control (water)
16.6 ± 0.7
20.4 a± 1.8
Control (extract)
13.8 a ± 0.9
21.2 a± 0.5
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[13] Paramasivam, M. and Selvi, C. (2017) Laboratory bioassay methods to assess the insecticide
toxicity against insect pests-A review. Journal
of Entomology and Zoology Studies. 5(3),
1441-1445.
[14] Al-Antary, T. and Khader, B. (2013), Toxicity
of four insecticides on longevity and fecundity
of three populations of the green peach aphid
Myzuspersicae(Aphididae :Homoptera) for
three generations. Jordan Journal of Agricultural Sciences.9(1), 52-62.
[15] Araj, S., Salem, N., Ghabeish, I. and Awwad,
A. (2015), Toxicity of nanoparticles against
Drosophila melanogaster( Diptera: Drosophilidae). Journal of Nanomaterials. (5)
758132:9pp.
[16] Chen, H.,Wang, B., Feng,W., Du,W., Ouyang,
H., Chai, Z. and Bi, X. (2015), Oral magnetite
nanoparticles disturb the development of Drosophilamelanogaster from oogenesis to adult
emergence. Nanotoxicology. 9,302-312.
[17] Asoufi, H., Al-Antary, T. and Awwad, A.
(2018) Biosynthesis and characterization of
iron sulfide (FeS) nanoparticles and evaluation
their aphicidal activity on the green peach
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This study was conducted to investigate the effect of ozonation treatment at different ozone concentrations (0.5 and 2) ppm for different periods of
time (5 and 15) minutes on reduction percentage of
spiked chlorfenapyr of (2 and 10) ppm on tomato
fruits using gas chromatography equipped with micro electron capture detector. The results showed that
ozonation treatment at 0.5 and 2 ppm significantly
reduced the spiked chlorfenapyr concentration on tomato fruits, although after 15 minutes of ozone treatment the concentration of chlorfenapyr did not reach
the allowed maximum residues limits in the European regulations (0.01) ppm. The maximum reduction percentages after 15 min of ozone treatment at
0.5 ppm were 78.72 and 88.88 % for spiked concentration of chlorfenapyr at 2 and 10 ppm, respectively.
On the other hand, the maximum reduction percentages after ozone treatment for 15 min at 2 ppm were
84.97 and 92.90 % for spiked concentration of
chlorfenapyr 2 and 10 ppm, respectively, on tomato
fruits. Meanwhile, the reduction percentages after
soaking with tap water for 15 min were 10.24 and
13.43 % for2 and 10 ppm spiked chlorfenapyr concentrations on tomato fruits. It was concluded from
this research that ozone treatment had a significant
effect on chlorfenapyr spiked concentration and it
could be used as a method for reduction of this pesticide residues in fruits and vegetables. Ozone affected the pesticides residues concentration in a concentration–time dependent manner.

farmers have to use pesticides to improve their products quality and quantity. The intensive use of pesticides resulted in residuals that remains in agricultural
products after harvest, and in many cases these residues exceed the maximum residues limits (MRL)
recommended by the Codex Alimntarous or European Maximum Residues Limits (EU MRL’s),
which may have the potential of adverse health impacts on human [1, 3]. Ozonation treatment, ultraviolet radiation, washing vegetables with salts or vinegar or salt and vinegar mixture at different concentrations have been used in many agricultural products to reduce or eliminate pesticides residues and
microbes [2, 3, 4, 5]. Ozone, in particular, has been
recognized as a strong oxidizing agent and could be
used in gaseous or liquid state [6, 19]. In 2001, ozone
was declared as a GRAS (generally recognized as
safe) substance by the FDA after a Food Additive
Petition containing safety and efficacy data was submitted to them. Later, the USDA approved its use on
meats and on certified organic foods. In the mid1990s, ozone was approved for food processing in
Japan, France, and Australia [7, 12]. Tomiyasu et al.
[20] showed that Ozone is relatively unstable compound in aqueous solutions. It decomposes continuously; leaving no residues with relatively short halflife ranged from 20 to 30 min at 20 oC. Ozone halflife is inversely proportional with temperature and
pH. Ozone half-life reduced to 2 - 4 min in aqueous
solution at 25 oC and pH 7. Pesticide residues remain
in almost all the food commodities, as a result of preharvest or postharvest application. The location of
pesticides in different parts of food varies with the
nature of molecule and type of food commodity and
environmental conditions [7, 8]. Pesticide can be degraded by; ozonation, photolysis, hydrolysis, oxidation and reduction, metabolism, temperature, and
pH. The level of pesticide residues is affected by
washing, preparatory steps, heating or cooking, processing during product manufacturing, postharvest
handling and storage. The extent of reduction varies
with nature of pesticide molecule, point of location,
type of commodity, processing steps and product
prepared [7, 9]. The effectiveness of ozone gas treatment in the removal of residues of organophosphate
(fenitrothion) and pyrethroid (deltamethrin) pesticides in wheat grains by ozone gas was evaluated by
Savi et al. [18]. The fenitrothion content was

%$ !
Chlorfenapyr, Pesticide, Tomato, Ozonation, Reduction
percentage
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Tomato fruits are among frequently consumed
in several dishes in Jordan. In 2016, the produced
amounts were 837344.4 tons of tomatoes, [1, 10].
The annual per capita consumption of vegetables is
around 106.35 kg, and of tomato fruit is 33.7 kg [2,
9]. Tomato fruits are perishable product and could be
attacked by different agricultural pests, as a result
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at temperature -18oC before analysis. Centrifuge
(Jouan, France) for holding 50 ml centrifuge tubes,
with speed of 1500-3000 rpm. Centrifuge (Hettich,
USA) for holding10 ml centrifuge tube for clean-up,
operated at ambient temperature with 3000 rpm
speed. Food chopper (Fimar, Italy) used for sample
homogenization before taking the required weight
for extraction. Blender (Laboratory blender 8010D,
USA) used for further homogenisation of subsamples. Ozone generator (ZAET Fruit and Vegetable
Washer by Ozone, China) model ZA-BF-L with
properties: height 290 mm, length 378 mm and width
300 mm. It consists of Acrylonitrile Butadiene Styrene (ABS) plastic cleaning chamber with 9 L capacity, transparent cover, and at the bottom of the machine the ozone generator which generates ozone by
Oxidation Reduction Potential electrode (ORP) to
generate ozone at concentration of 0.5 ppm, also
ozone diffuser is located at the bottom of the machine, power 35 W, 220 V. This machine applies the
CE marketing in accordance with European Union
rules. And A2Z ozone generator, USA, can produce
ozone in the range of (1- 9) ppm.

decreased following (60 µmol/mol) of O3 treatment
after 180 min of exposure (66.7% reduction), similarly deltamethrin residues were reduced by 67.5,
88.1 and 89.8% after 60, 120 and 180 min of O3 exposure, respectively. The use of O3 may be a potentially effective method of reducing pesticide residues
in stored grains [10, 18]. Alcalde et al. [4] showed
that the degradation of acetamiprid during ozonation
could be well-explained by the reactivity of this pesticide with OH..
The objective of this study was to investigate
the effect of continuous exposure to aqueous ozone
at 0.5 and 2 ppm for 5 and 15 min on reduction percentage of spiked chlorfenapyr concentration on tomato fruits (2 and 10) ppm.
" !"!


.+2/)'18'3*6:/52+39Anhydrous magnesium sulphate (MgSO4, assay 99%) (Sigma-Aldrich, USA), ashed at 500oC for 5 hours was carried
out before usage to eliminate phthalates and remained water. Acetonitrile (CH3CN, HPLC-grade,
assay of 99.8%) (LAB-SCAN analytical sciences,
Ireland). Acetic acid (CH3COOH, assay 99%) (J. T.
Baker, USA). Acetone (C3H6O, GC-grade, assay
99.8%) (LabChem, USA). Sodium chloride (NaCl,
assay 99.9%) (AVONCHEM, UK). Primary Secondary Amine (PSA) sorbent, with 40 – 60 µm particle
size (Agela Technologies, USA). Water (H2O,
HPLC-grade of assay 99.9%) (AVONCHEM, UK).
Chlorfenapyr standard (C15H11BrClF3N2O, assay
99.5%). Aldrin (C12H8Cl6 assay 99%) was purchased
from
(Sigma-Aldrich,
USA).
Ditalimifos
(C12H14NO4PS, assay 97.5%) from (Sigma-Aldrich,
USA) both aldrin and ditalimfos were used as internal standards. The following apparatus and equipment were used for preparation and analysis of
chlorfenapyr; Teflon centrifuge tubes of 10 and 50
ml. Pipettes 0.5-5 ml for transferring the sample extract to the clean-up centrifuge tube. Vials 2 ml capacity, Weighing boats, volumetric flasks, graduated
cylinders, and other containers in which to contain
samples, extracts, solutions, standards, and reagents.
Micro-syringes, 10-100 µL (SGE, Australia) Gas
chromatography model (Agilent 6890N, USA)
equipped with micro electron capture detector
(µECD). The capillary column was HP-5 with composition of 5% Phenyl 95% methyl polysiloxane
with dimensions 30 m x 0.32 mm, 0.50 µm (Agilent,
USA). Balance (Mettler PM6400, USA) for weighing the samples. Balance (Bosch SAE200, Germany)
of four digits with maximum weight 200g ± 0.0001
g for weighing standards materials. Muffle furnace
(Carbolite EML, UK), used for aching of anhydrous
magnesium sulphate for 5 hours at 500oC. Vortex
mixer (Heidolph, Germany) used for shaking the
samples with 1% acetic acid in acetonitrile solution.
Freezer (Kelvinator, Italy) used for storing samples

,,+)9 4, ?43'9/43 "7+'92+39 '9 /,,+7+39
43)+397'9/438,47/,,+7+39+7/4*84,"/2+43
+*:)9/43+7)+39'-+84,.147,+3'5>7+89/)/*+
!5/0+* 94 "42'94 7:/98 !'251/3- 4, 942'94
,7:/98 Two hundred seventy samples for tomato
fruits were collected randomly from the local market
during the period of October –November, 2017. The
size of each sample taken for analysis was in the
range of (1- 3) kg as recommended by Codex Alimntarous sampling guidelines (5). All samples were
kept in polyethylene plastic bags, then labelled and
refrigerated at 5oC until analysis to investigate the effect of ozonation treatment on chlorfenapyr pesticide
residues.
?43'9/43"7+'92+39Twenty seven samples
of tomato fruits around (1kg each) (free from pesticides residues) to be used for each concentration of
ozone 0.5 and 2.0 ppm were spiked with different
concentrations 2.0 and 10 ppm for chlorfenapyr.
Each sample was divided into two portions to be
treated for 5 and 15 minutes using two instruments
for ozonation. The first one gives fixed ozone concentration of 0.5 ppm, and the other one with variable ozone concentration 1-9 ppm. The effect of
ozone treatment on chlorfenapyr was evaluated by
analysing tomato fruit samples before and after the
treatment. The spiked tomato fruit samples were held
inside the cleaning chamber during ozone treatment.
Each sample was extracted by QuEChERS method
and analysed using GC-µECD to determine the recovered amounts of chlorfenapyr in order to evaluate
the efficiency of ozonation on the reduction percentages of these pesticides with time.
For comparison between the effect of ozonation
treatment and soaking with tape water 9 samples for
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150oC for 1min; 20oC min-1to 270 oC for 1 min [8].
For data acquisition ChemStation software was used.

!9'9/89/)'13'1>8/8The design of the experiment was factorial. Mean values and standard errors
were calculated and analysed. The obtained data
were subjected to analysis of variance (ANOVA) using Minitab programme, version 18. Mean comparisons were performed by LDS test was used at 0.01
probability levels. The obtained results were summarized in the results section.

each tomatoes fortified with chlorfenapyr at concentrations of 2.0 and 10.0 ppm then the fortified samples soaked with tap water for 5and 15 min then each
sample extracted and the concentration of
chlorfenapyr was determined using GC/µECD. Each
sample repeated three times.
3'1>9/)'1+9.4*!'251+57+5'7'9/43'3*
+=97')9/43 The method for extraction of pesticide
residues in food called QuEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) based on the extraction by acetonitrile and partitioning with anhydrous magnesium sulphate was used for extraction
chlorfenapyr residues from tomato fruits [6].

!#"!!#!!

=97')9/43 4, "42'94 7:/98 !'251+8 +=
97')9/438One kilogram of tomato fruits sample was
chopped into small pieces with the chopper to get a
homogenous sample, then 200 g was taken as subsample and further homogenised with the blender.
Then three subsamples were taken, and kept in deep
freezing conditions -18oC, until analysis. Ten grams
from each of homogenised subsample was transferred into 50 ml Teflon centrifuge tube. Acetonitrile
with 1% acetic acid solution was prepared on v/v basis (25 ml acetic acid in 2.5 L acetonitrile), solution
A. Ten ml of solution A was added to the sample and
was shaken by the Vortex mixer for 1 min at low
speed. Four grams of anhydrous MgSO4 and 1 g of
NaCl were added to the sample, then vortexed again
for 1 min. Ditalimifos of 0.5 ppm and aldrin 1.0 ppm
concentrations were added as internal standards. Finally, sample was vortexed for 30 s and centrifuged
at 3000 rpm for 5 min. By this step the sample extract
ready for clean-up.

Data presented in Tables (1 and 2) clearly
showed that the reduction percentages after ozone
treatments at 0.5 and 5 ppm of spiked tomato fruits
with chlorfenapyr at concentrations of 2.0 and 10
ppm. These reduction percentages increased significantly at probability level of (P ≤0.01). The maximum reduction percentage of chlorfenapyr it was
88.877 and 92.899% for spiked concentration of 10
ppm after 15 min at ozone concentration of 0.5 and
2 ppm, respectively. Moreover, chlorfenapyr concentrations after ozone treatments at 0.5, and 2 ppm
for 15 min for all spiked concentrations 2 and 10 ppm
had not reduced below EU-MRL which is equal to
0.01 ppm. In addition the results for soaking of tomato in tap water indicated that the maximum reduction percentages of chlorfenapyr were 10.241 and
13.434% for chlorfenapyr spiked concentrations of 2
and 10 ppm, respectively. These results for reduction
percentages of chlorfenapyr explained due to its low
solubility in water (0.14 mg/l) which indicated that
hydrolysis was not significant route of degradation
[11, 12, 13, 14].

/8):88/43In this study it was found that the
maximum reduction percentage of spiked
chlorfenapyr in tomato fruit was not exceed 92.899%
after ozonation for 15 min using 2 ppm ozone concentration, this results agreed with the results obtained by several authors [15, 17, 16]. These authors
concluded that ozonation treatment could be considered as an efficient treatment to remove high concentrations of pesticide residues if ozone generated continuously for a sufficient time of treatment.
It was reported that ozonation of spiked tomato
juice samples at different concentration levels of
methomyl, oxamyl and carbosulfan was found to be
an effective treatment in removal of carbamate pesticides residues [5, 19]. Complete removal of carbosulfan and oxamyl pesticides from spiked tomato
juice was achieved after 15 and 30 min of ozonation,
respectively [5, 20]. In another study, it was concluded that ozone as a powerful oxidant is effective

!'251+8)1+'3:5One millilitre of the upper
acetonitrile layer was transferred into 10 ml centrifuge tube containing 25 mg PSA as sorbent and 150
mg anhydrous MgSO4, then it was vortexed for 30 s,
as a final step the centrifuge tube was centrifuged at
3000 rpm for 5 min. The extract was transferred into
2 ml GC vial to be analysed with GC-µECD to determine the residues of chlorfenapyr.
'8 .742'94-7'5.> </9. /)74 1+)9743
'59:7+ +9+)947 3'1>8/8 The chromatographic
system consisted of a gas chromatography equipped
with electron capture detector, splitless injector and
the capillary column HP-5 model No.(19091J-413)
with composition of 5% Phenyl and 95%
methylpolysiloxane, dimensions are 30 m length,
0.32 mm nominal diameter, and 0.52 µm nominal
film thickness. The carrier gas was argon methane.
The operating conditions were: injection volume of
1 µL. The temperature program was: injector temperature 225oC, and detector temperature 300 oC [8,
11]. The oven temperature program was as follow:
initial temperature 90 oC for 1 min; 12 oC min-1 to
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,,+)94,942'94,7:/984?43'9/43'9  55243).147,+3'5>7/38+)9/)/*+'3*')'7/)/*+5+78/89+3)+'9
*/,,+7+3985/0+*)43)+397'9/431+;+18:8/3-A
=548:7+
9/2+
2/3

!5/0+*'24:39
552
 



24:39
7+)4;+7+*
552@!
2.337a* ± 0.009




2.262b ± 0.001
2.098c ± 0.001




1.708d ± 0.004
0.497f ± 0.007

 
+*:)9/43
@!

24:397+)4;+7+*
552@!

0.00a
!4'0/3-</9.9'5<'9+7
3.224b ± 0.041
10.241d± 0.031
?43'9/43
26.929e ± 0.359
78.722g ±0.296

+*:)9/43
@!

9.91a ± 0.013

0.00a

9.113b ± 0.004
8.579d ± 0.001

8.046b ± 0.028
13.434d ± 0.015

5.596e ± 0.008
1.102g ± 0.008

43.785e ± 0.137
88.877g ± 0.074

*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.


" 
,,+)94,942'94,7:/984?43'9/43'9  55243).147,+3'5>7/38+)9/)/*+'3*')'7/)/*+5+78/89+3)+'9
*/,,+7+3985/0+*)43)+397'9/431+;+18:8/3-A
=548:7+
9/2+
2/3

!5/0+*'24:39
552
 



24:39
7+)4;+7+*
552@!
2.337a* ± 0.009




2.262b ± 0.001
2.098c ± 0.001




1.607d ± 0.002
0.351f ± 0.001

 
+*:)9/43
@!

24:397+)4;+7+*
552@!

0.00a
9.91a ± 0.013
!4'0/3-</9.9'5<'9+7
3.224b ± 0.041
9.113b ± 0.004
10.241d± 0.031
8.579d ± 0.001
?43'9/43
31.597 e± 0.364
4.341e ± 0.077
g
84.967 ± 0.054
0.704g± 0.007

+*:)9/43
@!
0.00a
8.046b ± 0.028
13.434d ± 0.015
56.196 e± 0.753
92.899g± 0.073

*Means within the same column sharing the same letters in superscript are not significantly different using LSD test at 0.01 probability level.

but if it is improperly used, ozone can cause several
deleterious effects on physiology and quality of
products such as losses in sensory quality. For effective and safe use in food processing, optimum ozone
concentration and contact should be defined. The
finding of this study indicated that the use of ozone
up to 5 ppm concentration for 15 min was effective
to reduce the concentrations of pesticides residues in
fruits and vegetables, but in the case of high concentration more exposure time is required.

in solving the problems of the food industry like mycotoxin and pesticide residues by ozone application
on fruits and vegetables without forming hazardous
residues [13]. On the other hand, it was shown that
the cucumber and strawberry washing could not increase the percentage of reduction for all the examined pesticides; organophosphorus (diazinon, malathion, chloropyrifos, quinalphos, profenofos) and organochlorine (chlorothalonil, alpha-endosulfan and
beta-endosulfan) more than 20% [14].
It was shown that the effect of cabbage washing
with tap water on chlorpyrifos, -DDT, cypermethrin, chlorothalonil) residue levels. Their results
showed that the reduction percentage after washing
with tap water for 20 min were 17.6%, 17.1%, 19.1%
and 15.2%, respectively [21].
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#!
Ozone have many applications in food industry
since it’s used as a sanitizer and for reduction of
many kinds of toxins in food especially pesticides
residues, it is used at wide range of concentrations,
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ABSTRACT

ary metabolites such as flavonoids, saponins,
maizenic acid, allantoin, sterol, stigmasterol, alkaloids, hordenine and polyphenols vitamins B, K and
minerals like potassium, phosphorous and zincs [1].
It is reported as Zea mays are used an antidiabetic
diuretic, urinary problems and gallstones. The ash
of cob is applied in the cure of a cough and another
inflammatory disease [2-3]. The husks are used in
curing pains and arthritis. Various biological activities are reported on the leaf extract such as analgesic, antidiarrheal, anti-tumour, anti-hypertensive,
anti-diabetic, anti-inflammatory and anti-oxidant
[4-8]. It used as a good soothing for an ulcer,
wound and swelling. It has a higher content of resistant starch as dietary fibre, helps in weight control and its ingestion reduces the risk of atherosclerosis, hyperlipidemia, diabetes, and obesity. It is a
potent antioxidant that prevents the body from
damaging by free radicals which are responsible for
cellular damage. Inadequate information is available regarding the characterization of bioactive compound from the species Zea mays L. Therefore, in
this study we attempt the isolation and structure
interpretation of a pure compound characterized as
quercetin-3-O-Į-L-rhamnopyranosyl-(1± 
ȕ-Dglucopyranoside (rutin) from leave extract of Zea
mays L. by using different spectroscopic methods
such as Ultra-violet, Fourier transform infrared,
Nuclear magnetic resonance and Mass spectroscopy
showing anticancer activity. To our finest
knowledge, this is the first study to isolate and
characterize this compound from the acetone crude
extract of leaves of Zea mays L. Human hepatic
and colorectal cancers are very common tumours
and a primary malignancy of the liver and colon.
Therefore, we chosen two type cancers cells e.g.
HepG2 and HT-29 cells, which have been widely
used as the human hepatoma and colorectal adenocarcinoma model cells in the development of new
anti-tumour medicines, so, it is important for us to
understand the mechanistic effect of the rutin on
cancerous cells. In this work, we investigate the
toxicity and cell death of HepG2 and HT-29 cells
due to rutin compound.

Rutin is a well-known flavonoid and found in
green plants, exerts various biological functions,
including antioxidant, anti-inflammatory and antitumor. In the present study, rutin was isolated from
green leaves of Zea mays (Z. mays) and characterized by NMR and LC-MS and its cytotoxicity and
apoptotic potential were investigated on colorectal
adenocarcinoma (HT-29) and human hepatocellular
carcinoma (HepG2) cells. The cytotoxic effect of
various dose of rutin was examined by using MTS
and LDH assays. The effect of rutin on the
generation of reactive oxygen species (ROS) and
expression of chromosome condensation in HT-29
and HepG2 cells were examined DCFDA and
Hoechst 33342 staining assay. Rutin significantly
reduced cell viability and enhanced oxidative stress
in a dose-dependent manner. Rutin led to decline
the glutathione and increased caspase-3 activity in
HepG2 cells. In both cells, exposure to rutin repressed apoptosis, confirming anticancerous effects
of rutin. Furthermore, the rutin mediated anticancerous effects correlated with oxidative stress
provide experimental evidence to support the potential use of rutin as a drug therapy for human hepatic
and colon carcinoma cells.

KEYWORDS:
Rutin, HepG2 and HT-29 cells, NMR, Apoptosis, Cytotoxicity

INTRODUCTION
Medicinal plants mentioned in charak Sanhita
and Sushruta, which could be considerable interest
as an alternative nontoxic treatment. Zea mays L.
belongs to the family Poaceae and commonly
knowns as maize. Hindi name of Zea mays is Makka and Barajovar. It is distributed throughout the
world and also called as mother grain of Americans. It is a basis of sustenance as well as phytochemical compounds. Phytochemicals play an important role to protect human from various diseases.
The plant contains different phytochemical second-
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which was exposed to Column Chromatography
using different mobile phases: ethyl acetate (50
fractions), ethyl acetate: methanol: water (71:16:6)
(86 fractions) and methanol: water (96:42) (35 fractions). The current rate of the mobile phase was
sustained at 6 drops/min [8]. TLC of Column
Chromatography fractions was carried out on silica
gel plates by means of EtOAC: MeOH: H2O
(75:20:25) as a mobile phase. Spots of flavonoid
were imagined under a UV lamp and also by using
ammonia vapors. Each group of fractions (F1-F4),
F1 (10-40), F2 (45-55), F3 (70-85) and F4 (90-100)
had at least one flavonoid. Core flavonoids of each
fraction group were more filtered by preparative
TLC on silica gel using a mobile phase [EtOAC:
MeOH: H2O (45:25:5)]. Rf-value 0.17 was obtained which confirm the isolation of pure flavonoid. Then, it was recrystallized from methanol
yielding, 1.5 mg of 3.9% of dried acetone extract.
Isolated compound was identified by comparison of its spectral data with literature and is in
agreement with the proposed structure. The structure of the compound is presented in Fig. 3b. The
FRPSRXQG ZDV REWDLQHG DV \HOORZ VROLG 89ȜmaxMeOH
/nm: 260, 360; its FT-IR spectral data showed
the characteristic frequencies of different stretching
bands of isolated compound; 3000-3242 cm-1 for
O±H, 1654,1699,1503 cm-1 for C=C,1293 cm-1 and
1062 cm-1 for C-O and C-O-C respectively.
880,804,723 cm-1 for substituted benzene at the
ortho, meta and para position Fig. 1. Its molecular
formula C27H30O16 was obtained from the MS
m/z: 606 [M-H]- with the combination of NMR
spectral data. MS also gave a prominent fragment
ion at 507 and 413 suggesting a loss of diglycoside
moiety from the quasi-molecular ion Fig. 2.
The 1H NMR spectrum of the isolated compound exhibited a characteristic proton signal in
SSP DW į+  FRUUHVSRQGLQJ WR D FKHODWHG K\
droxyl group at C-ƍ ,Q DGGLWLRQ WR WKLV WKH H[LVW
ence of five aromatic protons was seen in the 1H
NMR spectrum; two ortho coupling protons assignable to H- į +  DQG +- į +  WZR
meta coupling protons at H-ƍ į+ DQG+-ƍ
į +  D VLQJOHW DURPDWLF SURWRQ DW +-ƍ
į+ 7KH 1H NMR spectrum also supported
the presence of rhamnose and glucose moieties with
the rhamnose anomeric protons assigned to HƎ į +  +-Ǝ į+  +-Ǝ į + 
H-Ǝ į+ +-Ǝ į+ DQGDGRXEOHWRI
the methyl group of rhamnose was observed at high
ILHOG į  +  DQG WKH JOXFRVH DQRPHULF SURWRQ
assignable to H-ே į+ +-ே į+ +ே į +  +-ே į 3.23, 1H), H-ே į + 
The peaks resonated between 8.00 and 9.19 are due
to carboxylic and aldehyde impurities, Fig 3a.

MATERIALS AND METHODS
Cell culture. Human hepatocellular carcinoma (HepG2) and colorectal adenocarcinoma (HT29) cells were obtained from American Type Culture Collection (ATCC; Manassas, VA, USA), were
grown in Dulbecco's modified eagle's medium
(DMEM) supplemented with 10% fetal bovine serum (FBS), 0.2% sodium bicarbonate, and antibiotic/antimycotic solution (1 ml/100 ml of medium,
Invitrogen, Life Technologies, USA). At near about
80% confluence, both cells were subcultured into
96 well plates, 6 well plates and 25 cm2 flasks according to designed experiments.
Reagents and consumables. The cell culture
medium (DMEM) was obtained from Gibco BRL
(Grand Island, NY, USA). N-acetyl cysteine, penicillin, streptomycin, Neutral red dye, Hoechst
33342, ethidium bromide, penicillin, streptomycin,
propidium iodide (PI), bovine serum albumin
(BSA), NaCl, KCl, EDTA, Triton® X100,dimethyl sulphoxide (DMSO) were obtained
from Sigma-Aldrich (Saint-Quentin Fallavier,
France). All other chemicals were procured from
local markets.
Preparation and extraction of plant material. Leaves of Zea mays L. were collected from one
village near Faizabad, Lucknow, Uttar Pradesh,
India. Plant material was taxonomically identified
by Dr Zia-ul-Hassan at Department of Botany,
Saifia College of Science, Bhopal, M.P., India. The
voucher specimen (369/Bot/Saifia/12) was preserved in the above herbarium for future reference.
Leaves of Zea mays L. were dried under shade at
room temperature (26 ºC) for 2 weeks and pulverized, using an electric grinder into a uniform powder. Extraction was done by using maceration
technique followed by hot continuous extraction by
using a Soxhlet apparatus. Firstly, the powdered
plant material (95 gm) was placed in a stoppered
container with acetone and permitted to stand at
room temperature for at least 10 days with regular
agitation till the soluble matter has liquefied. The
solution is then strained, the marc is forced and
liquid is clear up by separation or decantation after
standing. After the maceration process, the crude
plant material is extracted by using soxhlet assembly with the same solvent used in maceration at 40
°C for 48 h. After that extract of the plant material
was filtered and then concentrated using a rotary
evaporator with the water bath set at 40 °C, yielding a brown-green coloured crude extract (3.9%
w/w yield).
Isolation and characterization of active
compound from acetone crude extract. The acetone crude extract of leaves of Zea mays contained
the highest amounts of polyphenolic compounds,

Experimental design. HT-29 and HepG2
cells were exposed to various concentrations of
(150- ȝJPO  RI UXWLQ IRU  K 7KH F\WRWR[LF
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FRQFHQWUDWLRQV   DQG  ȝJPO  RI UXWLQ
induced ROS generation, GSH and LPO, apoptosis
and DNA damage in HT-29 and HepG2 cells were
studied.

Cell morphology. Morphology of HT-29 and
HepG2 cells were observed after treatment of rutin
(0, 50, 150, 300, and 600 μg/ml) for 24 h by using
an inverted microscope (Leica DMIL).

FIGURE 1
FTIR-spectra of isolated compound of rutin from maize

FIGURE 2
MS-spectra of isolated compound of rutin from maize

7829

© by PSP

Volume 27 ± No. 11/2018 pages 7827-7836

Fresenius Environmental Bulletin



FIGURE 3
(a) NMR-spectra of isolated compound of rutin from maize (b) Structure of rutin

Measurement of ROS. The intracellular reactive oxygen species (ROS) in HT-29 and HepG2
cells after exposure to rutin (150, 300 and 600
μg/ml) was determined by applying H2-DCFH-DA
dye as a detection reagent.
Rutin treated HT-29 and HepG2 cells were incubated with H2-DCFH-DA (5 mM) at normal
room temperature, after 60-minute incubation the
cells were washed with slight warm PBS and fixed
with paraformaldehyde (4%). Fluorescence images
of HT-29 and HepG2 cells were captured by upright microscope fluorescence (Nikon Eclipse 80i).
For quantitative analysis of intracellular ROS
generation, both cells (1x104/well) were cultured in
black bottom culture plate (96 well) and treated
with rutin (150, 300 and 600 μg/ml) for 24 h. After
treatment, cells incubated with H2-DCFH-DA (5
Mm) for 60 minutes. Then it was washed with prewarmed PBS. The intensity of fluorescence was
quantified at the excitation wavelength (485 nm)
and emission (528 nm). The results are presented as
% of fluorescence intensity relative to control wells.

Cytotoxicity assays. MTS assay. HT-29 and
HepG2 cells (3x104) were seeded in a culture plate
(96-well). Both cells were exposed to various concentration of rutin (0, 50, 150, 300, and 600 μg/ml)
for 24h. After 24 h of exposure, supernatants were
removed and cells were washed with PBS. The
MTS assay is a formazan dye-based assay
(CellTiter 96® AQueous One Solution from
Promega). Then 120 μl of 1:5 MTS in the
supplemented medium was added to the cells. After
3 hours, the optical density was read at 490 nm usLQJ D %HQFKPDUN 3OXV PLFURSODWH VSHFWURSKR
tometer (BioRad, Hercules, CA, USA).

Lactate dehydrogenase release (LDH) assay. Cell toxicity induced by rutin (0, 50, 150, 300,
and 600 μg/ml) was determined by LDH assay.
The leakage of LDH was measured using culture
supernatant (10 ȝO  with LDH substrate  ȝO
including ferric alum (DQGȝO PJPO DW°C
for 3 min. Then, NAD solution  ȝO and PMS
(phenazine methosulphate) were mixed to the
mixture and incubated at 37 °C for 5 min (Labrax
Commercial Kit, Clontech, Palo Alto, CA, USA).
The concentration of LDH was measured at 492 nm
by colourimetry.

Lipid peroxidation (LPO). Lipid peroxidation was performed using thiobarbituric acidreactive substances (TBARS) protocol [9]. Briefly,
1 × 105 cells were plated in 6 well plates and were
allowed to adhere in a CO2 incubator at 37 °C for
24 h. Then, cells were exposed to rutin (150, 300
and 600 μg/ml) for 24 h. After the treatment, both
cells were collected by centrifugation. Then, cells
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were lysed and centrifuged at 5000 × g for 5 min.
In collected supernatant (1000 μl) was mixed to
2000μl of TBA reagent and was warmed at 100 °C
for 15 min in a water bath. After cooling the samples, the absorbance of the samples was observed at
550 nm.

picomoles of the product (nitroaniline) per min/mg
of protein.
Comet test. Briefly, cells (5x105)/well were
placed in a six-well plate. Cells were treated with
rutin (50, 150 and 300 μg/ml) over 24 h. DNA
damage was measured by Comet test [11].

Glutathione (GSH) content. Glutathione enzyme was determined as reported method by Chandra et al., [10]. In brief, both cells were seeded in
25 cm2 flask and incubated in a CO2 incubator at 37
°C for 24 h. Both cells were treated to of rutin (1506 ȝJPO  for 24 h. Both cells were collected by
centrifugation. Then, the supernatant was added to
2 ml of 0.4 M Tris buffer (pH 8.9) containing 0.02
M EDTA, followed by an addition of 0.01 M
DTNB to a final volume of 3000 μl. The samples
were put at 37 °C for 15 min in a water bath. The
optical density developed colour product was
measured at 412 nm.

Statistics. Data were statistically analysed by
using one-way ANOVA (SPSS 13.0) to find out the
significant variation (p < 0.05) between concentrations and duration.

RESULTS
Morphology of HT-29 and HepG2 cells. After exposure to rutin (0, 50, 150, 300 and 600
μg/ml), the morphology of HT-29 and HepG2 cells
were examined in the light inverted microscope
(Fig. 4). There was no change in cell morphology at
lower concentration but both cells shrieked, spherical and detached the surface of culture plate at a
higher concentration of rutin (300 and 600 μg/ml)
for 24 h (Fig. 4).

Apoptosis. Chromosome condensation.
Chromosome condensation was examined HT-29
and HepG2 cells by staining Hoechst 33342 fluorescent stain. Hoechst 33342 solution was applied
to stain the exposed cells in six-well slides and the
slides were incubated for 10 min in the dark at
37°C. Images of the cells were captured using a
fluorescence microscope (Nikon).

Cell viability. The reduced cell viability after
exposure to various rutin (0, 5, 50, 150, 300, and
600 μg/ml) for 24 has shown in Fig (5A, B). The
data indicate that rutin exerts cytotoxicity at higher
concentration (150, 300 and 600 μg/ml) and there
were no changes in lower concentration (150, 300
and 600 μg/ml). After exposure to rutin, the level of
cytoplasmic lactate dehydrogenase was increased
which indicating plasma membrane damage (Fig. 5
B). There was a significant decrease in toxicity
compared to only rutin (600 μg/ml) exposed cells.

Caspase-3 assay. The activity of caspase-3 after exposure of rutin (50, 150, and 300 μg/ml) was
determined from the cleavage of the caspase-3 substrate I (N-acetyl-DEVD-p-nitroaniline). The pnitroaniline was used as the standard. Cleavage of
the substrate was monitored at wavelength 405 nm,
and the specific activity was expressed in

FIGURE 4
Morphological changes in HT-29 and HepG2 cells exposed to rutin for 24h.
Scale bar is 200 μm
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FIGURE 5
Cytotoxicity of rutin in HT-29 and HepG2 cells for 24 h, as determined by (A). MTT (B). LDH testes.
Each value represents the mean rSE of three experiments. n=3, *p <0.05 vs. control.

FIGURE 6
Generation of ROS due to rutin (A) The fluorescence image HT-29 and HepG2 cells treated with
600 μg/ml of rutin for 24 h and stained with DCFHDA (B) % ROS production due to rutin in cells.
Each value represents the mean rSE of three experiments. *p <0.05 vs. control.
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DISCUSSION

ROS generation and oxidative stress. To examine the generation of intracellular ROS in HT-29
and HepG2 cells due to rutin (150,300 and 600
μg/ml) exposure, DCFH-DA fluorescence dye was
used. A significant increase of dichlorofluorescein
(DCF) fluorescence intensity was seen in cells exposed with rutin (150,300 and 600 μg/ml) (Fig.6 A,
B).
Rutin induced oxidative stress was further evidenced by depletion of GSH (Fig. 7B) and elevation of LPO, in the dose-dependent effect of rutin
exposure (Figs. 7A).

Although some researchers have been developed for the improvement to defend cancer diseases, there is a requirement to explore new ayurvedic
drugs to improve the efficacy. Nutritional foods are
important sources for the treatment of some types
of cancers, leading to the development of potential
novel agents. Several of the molecules available
from foods have been shown to exert anticancer
activities on cancer cells. In the current examination, we observed that rutin induced cell death in
both cells and it shown more toxicity when increased exposure to concentration. Prior to examining the toxic potential of rutin, we had characterized and purified through re-crystallization with
methanol to produce rutin (99% purity). The exploring of new anticancer drug that shortage the
risk of manual chemotherapeutic agents would be a
major improvement in cancer treatment. Due to
this hypothesis in our mind, we have designed to
examine the toxic potential isolated flavonoid compound rutin against two cancers cell lines e.g. colorectal adenocarcinoma (HT-29) and human hepatocellular carcinoma (HepG2) cells.

Apoptosis. HT-29 and HepG2 cells were
treated to rutin (150 and 300) for 24 h. The stained
control cells and rutin treated cells were examined
for chromosome condensation in both cells (Fig.8
A). The activity of caspase-3 was increased as
dose-dependent manner (Fig.8 B).
Both cells were exposed to rutin (300 μg/ml)
for 24 h.
DNA Damage. DNA damage was measured
by using comet assay and the highest DNA was
observed at 300 μg/ml for 24 h. There was no significant difference in the amount of DNA damage
at a lower dose. Fluorescence photomicrograph
DNA damage was shown in Fig. 9 (A-D).

FIGURE 7
(A). Levels of LPO (B). GSH in HT-29 and HepG2 cells after exposure to rutin for 24 h.
Each value represents the mean rSE of three experiments. *p <0.05 vs. control.
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FIGURE 8
(A) Chromosomal condensation and (B) Induction of caspase-3 activity in HT-29 and HepG2 cells after
exposure to rutin for 24h.
Each value represents the mean rSE of three experiments. *p <0.05 vs. control. Arrow (o) indicates fragmented chromosome.

FIGURE 9
DNA damage in HT-29 and HEpG2 cells due to rutin (A). Untreated (HT-29) cell (B). Treated HT-29 cell
(300 μg/ml of rutin) (C). Untreated (HepG2) cell (D). Treated HepG2 cell (300 μg/ml of rutin). (E). % Tail
DNA in HT-29 and HepG2 cells due to rutin.
Each value represents the mean rSE of three experiments. *p <0.05 vs. control. Scale bar is 50 μm.
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Some researchers had reported controversy
about the assessment of the toxic potential of plant
product, so in this study, we have used two tests
e.g. MTS and LDH assays for evaluation of cytotoxicity of rutin in HT-29 and HepG2 cells. The
anti-cancer drugs are used in chemotherapy of cancers [12]. A discrepancy between the generation of
ROS and the antioxidant defence system of cells
causes oxidative stress [13]. Ferranti and Mozaffaria reported that excessive generation ROS compromised the cell organelles such endoplasmic reticulum and mitochondria in adipose cells [14]. Mitochondria are a significant organelle in animal and
plant and it play an important role in toxicity [15].
Plasma membrane was compromised by rutin at
600 μg/ml and toxicity shows a dose-dependent
response. In this study, the rutin induced ROS generation as compared to control cells. Osseni et. al.
reported that intracellular GSH depletion has been
reported important to induce cellular oxidative
stress, which is considered to be one main mechanism of cytotoxicity [16]. GSH is widely distributed
in many animal cells and is involved in ROS
scavenge, protecting against toxins, protein and
DNA synthesis, maintenance of membrane integrity
and regulation of enzyme activities [17]. In the
GSH measurement results, we have found that GSH
depletion in both cells signalled the impairment of
cellular antioxidant system.
Besides, we found a rise in LPO, and decline
GSH level in both cells after exposure to rutin,
which shows a marker of oxidative stress. LPO can
give rise to more radicals and fragments biomolecules with ROS. As we have observed in MTS
assay, rutin showed more toxicity when their concentrations were high (>300 μg/ml), which suggests
that the concentration plays a leading role in the
cytotoxicity. Rutin induces injury to the cell membrane as indicated by LDH assay. Apoptosis is a
programmed process that can be triggered by different stimuli and is mediated by a cascade of enzymes [18] To further understand the molecular
mechanisms underlying the rutin exposuremediated apoptosis in HT-29 and HepG2 cells, we
investigated apoptosis-related chromosome condensation in these cells. Rutin exposure induces cytochrome c release, causing caspase-3 activation. As
a consequence, DNA damage is induced during the
cells apoptosis. When free radicals come in close
with the cellular organelles, they may oxidise and
reduce macromolecules (DNA, lipids, proteins)
resulting in significant oxidative damage to the cell.
In conclusion, the data confirm that rutin have
the capacity to induce apoptosis and cytotoxicity
HT-29 and HepG2 cells. Future research will focus
on the in vivo studies assessing the effects of rutin
in cancer cells and explaining its toxicity mechanism.
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As the alpine meadows are degraded globally,
the remediation measures are also increasing. However, there are few studies on the effects of vegetation restoration on soil and plant nitrogen pools and
nitrogen storage. Changes in soil and plant nitrogen
depend on vegetation recovery species. In addition,
restoration of vegetation after unrestoration can increase soil and plant nitrogen content. We collected
four types of remediation and destruction of unrepaired soil samples and plant samples in Wugong
Mountain, Jiangxi Province. By measuring alkaline
hydrolytic nitrogen, total nitrogen and microbial biomass nitrogen, nitrate nitrogen, ammonium nitrogen, total soluble nitrogen and soluble organic nitrogen, total nitrogen of aboveground plant, total nitrogen of underground plant, aboveground biomass, belowground biomass and soil and plant nitrogen storage indicators to understand the change of soil and
plant nitrogen pools and nitrogen storage after vegetation restoration. The results of the study showed
that the soil nitrogen forms were significantly improved when "#$"""" and !&
"" were used for vegetation restoration. When the
restoration was selected from !"#'"
%$$""",!$!# and"#$"
""", the total nitrogen of aboveground plant, total nitrogen of underground plant, aboveground biomass, belowground biomass reached a maximum of
16.68 g·kg-1, 12.03 g·kg-1, 9228.80kg·ha-1 and
7868.44 kg·ha-1, respectively. When !"#'"
%$$""",!$!# and"#$"
""" were used for vegetation restoration, the total nitrogen of aboveground plant, total nitrogen of
underground plant, aboveground biomass, belowground biomass reached a maximum of 16.68
g·kg-1, 12.03 g·kg-1, 9228.80kg·ha-1 and 7868.44
kg·ha-1, respectively. When "#$" """
were used for vegetation restoration, the aboveground vegetation nitrogen stocks, underground
vegetation nitrogen stockstotal vegetation nitrogen stock reached a maximum of 121.17kg·ha-1,
87.37 kg·ha-1 and 208.55 kg·ha-1, respectively. Soil
nitrogen storage in 0-20cm soil layer and soil

nitrogen storage in 20-40cm soil layer reached a
maximum of 7.96t·ha-1 and 7.68 t·ha-1. Correlation
analysis results showed that the correlation between
the indicators was significant. In the future restoration of vegetation, it is recommended to use two
kinds of rehabilitated grass species, "#$"
""" and !&"".


(&!"
Vegetation restoration, Wugong Mountain, mountain
meadow, soil nitrogen, plant nitrogen,nitrogen pools, nitrogen stocks



#!$#

Grassland covers about 25% of the Earth's surface. Nitrogen is not only the main nutrient factor
limiting pasture production, but also the main cause
of environmental degradation [1]. About 400 million
hectares of grassland cover more than 40% of the
land in China, thus forming the country’s largest
land landscape [2]. Nitrogen is the most important
element in the atmosphere, regulating the production, structure, and function of the ecosystem in the
land. At the same time, nitrogen is also a large
amount of nutrients needed for plant growth and development [3]. There is a complex transformation of
nitrogen form in the soil. Inorganic ammonium and
nitrate nitrogen are the main nitrogen that can be absorbed by plants. More than 95% of the nitrogen in
the soil cannot be directly used by plants. These organic nitrogens need to be converted by mineralization to inorganic nitrogen that can be absorbed by
plants. Therefore, the availability of nitrogen in soil
is the main factor limiting the growth and development of plants [4, 5]. Therefore, it is of great significance to study the relationship between plants and
soil nitrogen [6]. Numerous studies have mainly focused on vegetation restoration measures that increase microbial biomass [7], promoted terrestrial
productivity, and underground nutrient cycling [8].
The positive effect of vegetation restoration on the
soil microstructure and water stability is beneficial,
reducing soil erosion in the area and improving soil
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"#$" """ and three non-historically dominant species !& "",!$!# and
!"#'"%$$""". Specifically, soils restored by each of the four species were used as vegetation restoration treatments, while no recovery
measures soils following serious degradation were
left nonrestored and were used as control treatment(CK). Each treatment has three repetitions, a total of 15 test plots, each plot area is 400m2
(20m×20m). The four vegetation restorations were
protected by wire mesh at the outer edge of the test
area. After 5 years of planting, samples were taken
in September 2017. Soil samples and plant samples
were collected at 5 points along the diagonal line and
its intersections in each experimental plot. The soil
was collected at 0-20 cm and 20-40 cm above and
below the soil layer. The same layer of soil was
evenly stored in the dry ice box and brought back to
the laboratory for nutrient determination. The plant
biomass above the ground was harvested in a small
sample of 1 m 2 (1 m × 1 m) and the underground
plants were sampled and taken back. Laboratories
perform nitrogen and biomass measurements.

6-.? 5.*:<9.5.6;5.;17- Soil pH, determined using a pH meter. Soil bulk density was measured using a ring knife method. Total phosphorus
was determined using molybdenum antimony anticolorimetric method. The organic matter in the soil
was determined by high-temperature potassium dichromate oxidation-volume method. The available
phosphorus was molybdenum-antimony-resistance
colorimetric method and the available potassium
was determined by ammonium acetate extractionflame photometry method [17]. The plant nitrogen
was digested with sulfuric acid-hydrogen peroxide,
and the decontamination fluid was measured by
Smart Chem200 automatic intelligent chemical analyzer (AMS, Italy); total soil nitrogen and alkaline
nitrogen were determined by Kjeldahl method; soil
ammonium status. Nitrogen was determined by indigo blue colorimetry; soil nitrate nitrogen was determined by phenol disulfonic acid colorimetric
method; microbial nitrogen was extracted by chloroform fumigation-K2SO4 and measured by the German element vario TOC; soil soluble total nitrogen
was alkaline persulfuric acid. Potassium oxidation,
determined by AA3 automatic analyzer, the content
of NO3--N and NH4+-N in the filtrate is the soil mineral nitrogen, and the difference between the soluble
total nitrogen and the mineral nitrogen in the filtrate
is the soil soluble organic nitrogen [18]. The soil nitrogen stock (Ns, t•ha) is calculated using the following formula [19]: Ns= ×BDi×TNi×Di where:
BDi is the average soil bulk density of the ith layer
(g • cm-3); TNi is the soil total nitrogen content (g•kg1
); Di is the i th layer thickness (cm); 0.1 is the unit
conversion factor. The vegetation nitrogen stock
(t•ha-1) adopts the following formula [20]: vegetation nitrogen stock = plant biomass × plant nitrogen

quality [9]. Studies have examined the relationship
between vegetation recovery and soil microbial biomass carbon, and the diversity of respiratory and
functional degraded karst regions [10]. Some scholars have also discussed the effects of vegetation restoration on soil organic carbon fixation and carbon
balance [11, 12]. Different types of soil nitrogen
have different effects on mountain meadows and
play different roles in global nitrogen pools, and vegetation restoration species have significant effects on
the content of various forms of nitrogen and nitrogen
reserves in soils [13]. Soil nitrogen storage is a huge
value, and few scholars have studied the effects of
vegetation restoration on mountain meadow soil and
plant nitrogen pools and nitrogen reserves.
The Wugong Mountain meadow in Jiangxi
Province(China) is a type of grassland ecosystem
that forms a unique landscape in the southern terrestrial ecosystem [14]. However, the massive development of tourism in the Wugong Mountain area has
caused severe degradation of mountain meadows.
Wugong Mountain’s bare soil, reduced water storage
capacity, interfered with nutrient cycling. Therefore,
the study of vegetation restoration is very necessary
[15]. Vegetation restoration is very effective in restoring degraded mountain meadows and is widely
used [16]. In this study, the destructive meadow area
in the Jinding area, the main peak of Wugong Mountain, was used as a test area. Four types of grass restorations were set up, one of which was unrepaired.
Through five consecutive years of experiments to
study the effect of meadow restoration on nitrogen
storage and nitrogen storage in mountain meadows
of Wugong Mountain, it provides a theoretical basis
for the restoration of mountain meadows.
#!"#"

#.:; :2;. 7=.9=2.> Wugong Mountain is located in Pingxiang City, Jiangxi Province, China
(27°24′27°34′N,114 °05′114° 15′E). The total
area is about 260km2, its mountain is very steep, the
main peak of Baihe peak (Jinding)elevation is
1918.3m, Wugong Mountain climate, soil, vegetation, vertical zonal differences were obvious. Annual
precipitation is sufficient, and it belongs to a typical
sub-tropical climate. The main plants had !"
#, "#$"""", !&"", !$
 !#, !"#'" %$$""" and so
on.

#.:;:*584.:.;<8*6-:*584.,744.,;276In
May 2012, a vegetation restoration experiment was
conducted in the meadow area that was seriously
damaged by tourists near the mountaintop of Wugong Mountain. In our study, vegetation restorations
have been widely implemented since 2012. Four
commonly used grass species were selected as restoration species, including one dominant species
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!# and CK. However, in 20-40cm soil layer, the
sequence of the alkali-nitrogen content in each treatment showed the same rule (Table 2). For soil total
nitrogen content, total nitrogen content decreases as
the soil layer deepens. In the 0-20cm soil layer, the
total nitrogen content was the highest in the treatment of !&"". It was indicated that the application of !&"" in vegetation restoration
of Wugong Mountain could significantly increase
the total nitrogen content of 0-20cm soil layer (Table
2). In the 20-40cm soil layer, the total nitrogen content was the highest in the treatment of "#$"
""". It was indicated that the application of"
#$" """ in vegetation restoration of Wugong Mountain could significantly increase the total
nitrogen content of 20-40cm soil layer (Table 2). For
the soil microbial biomass nitrogen content, the microbial biomass nitrogen content decreases as the
soil layer deepens. In the two soil layers, the microbial biomass nitrogen content in the !&""
was the highest. The results showed that the use of
!&"" in the restoration of Wugong Mountain vegetation could significantly increase the
amount of microbial biomass nitrogen in the soil
(Table 2).

content. Table 1 shows the basic physical and chemical properties of the test area.
*;*6*4@:2:All data statistical analysis and
mapping were made by Excel2010, SPSS19.0 and
Sigmaplot 12.5. One-way analysis of variance (Duncan's method, α=0.05). The data were tested by normal distribution. Paired-Sample t Test was used for
different soil layers.
!"$#"

#*6-26-.?.:From the measured data, it could be seen that in the three indicators
of soil alkaline N, total nitrogen and soil microbial
biomass nitrogen, there was a significant difference
in different soil depths in the same restoration
measures (P<0.05) (Table 2). For the content of soil
alkali-hydrolyzable nitrogen, the content of alkalihydrolyzable nitrogen decreased as the soil layer
deepened. In the 0-20cm soil layer, the content of alkali-hydrolyzable nitrogen in each treatment from
high to low was: "#$" """, !"#'"
%$$""" !& "" !$


#
*:2,81@:2,*4*6-,1.52,*48978.9;2.:7/;1.;.:;*9.*
Treatments
CK
!"#'"
%$$"""
!$!#
"#$""""
!&""

Soil
layer/
cm
0-20
20-40

4.39
4.41

Volume
weight/
(g•cm-3)
0.91
0.84

Available
phosphorus/
(mg•kg-1)
11.27
8.38

Available
potassium/
(mg•kg-1)
77.20
57.40

Total
phosphorus/
(g•kg-1)
0.78
0.69

Organic
matter/
(g•kg-1)
67.28
53.86

0-20

4.80

0.87

15.30

81.56

0.82

81.28

20-40
0-20
20-40
0-20
20-40
0-20
20-40

4.76
4.83
4.72
4.75
4.81
4.73
4.79

0.88
0.86
0.88
0.83
0.85
0.74
0.78

10.27
17.19
13.96
16.38
14.99
18.35
15.27

71.40
85.29
77.16
95.18
86.85
90.28
75.30

0.73
0.84
0.74
0.97
0.86
1.04
0.91

65.89
80.20
65.44
83.20
73.20
91.37
85.27

pH

# 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;2765.*:<9.:76:724*43*426.1@-974@;2,62;970.6;7;*462;970.6*6-
52,97+2*4+275*::62;970.6,76;.6;
Soil layer/
Alkaline hydrolytic nitrogen/
Total nitrogen/
Microbial biomass
cm
(mg•kg-1)
(g•kg-1)
nitrogen/(mg•kg-1)
CK
0-20
484.66±15.65Ca
2.94±0.06Da
42.76±1.75Da
20-40
389.37±8.30Cb
2.68±0.03Cb
34.50±1.34Db
!"#'"%$$"""
0-20
1028.17±66.22Aa
4.23±0.08BCa
59.09±1.88Ca
20-40
970.36±51.27Ab
3.81±0.16Bb
39.79±0.80Cb
!$!#
0-20
758.04±1.38Ba
3.91±0.31Ca
69.21±0.66Ba
20-40
675.07±7.95Bb
3.17±0.12Cb
40.98±1.87Cb
"#$""""
0-20
1083.59±68.24Aa
4.81±0.15ABa
74.26±1.92Ba
20-40
978.93±94.62Ab
4.53±0.14Ab
50.67±1.23Bb
!&""
0-20
990.07±2.93Aa
5.17±0.31Aa
84.57±2.65Aa

20-40
899.28±30.55Ab
4.01±0.29ABb
57.29±1.81Ab
Different capital letters indicated that different recovery measures of the same soil depth were significantly different (P<0.05),
different lowercase letters indicated that different soil depth of the same recovery measures had significant different (P<0.05),
the same as below.
Treatments
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# 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;2765.*:<9.:76:72462;9*;.62;970.6*55762<562;970.6
;7;*4:74<+4.62;970.6*6-:74<+4.790*62,62;970.6,76;.6;
Treatments
CK
!"#'"%$$"""
!$!#
"#$""""
!&""


Soil
layer/
cm
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

Nitrate
nitrogen/
(mg•kg-1)
5.53±0.30Da
3.91±0.34Bb
7.61±0.35Ca
4.15±0.66Bb
7.40±0.76Ca
5.48±0.55Bb
11.81±0.14Aa
9.08±0.17Ab
9.46±0.74Ba
7.59±0.67Ab

Ammonium
nitrogen/
(mg•kg-1)
16.36±0.60Ca
11.29±0.27Cb
42.58±5.51Ba
27.31±2.66Bb
41.86±4.72Ba
27.07±4.26Bb
64.65±4.59Aa
45.63±1.76Ab
33.20±2.79Ba
25.43±0.30Bb

Total soluble
nitrogen/
(mg•kg-1)
266.71±5.90Ca
214.47±4.23Bb
468.36±5.63Ba
420.86±4.50Ab
492.35±12.15ABa
445.93±22.38Ab
541.66±31.98Aa
469.85±31.24Ab
529.30±20.91Aa
488.96±24.24Ab

Soluble organic
nitrogen/
(mg•kg-1)
244.82±6.53Ca
199.27±3.81Bb
418.17±10.18ABa
391.60±5.86Ab
447.28±17.47Ba
417.12±19.49Ab
473.78±26.56Aa
422.25±29.73Ab
490.64±17.62Aa
460.57±23.83Ab




  #"*6-"26-.?.:It
could be seen from Table 3 that among the four indicators of soil nitrate nitrogen, ammonium nitrogen,
total soluble nitrogen and soluble organic nitrogen,
there was a significant difference in the depth of different soil layers in the same restoration measures
(P<0.05) (Table 3). For the soil nitrate nitrogen content, the nitrate nitrogen content decreased as the soil
layer deepened. In two soil layers, the soil nitrate nitrogen content was the highest in the treatment of
"#$"""". It was indicated that the application of"#$"""" in vegetation restoration of Wugong Mountain could significantly increase the soil nitrate nitrogen content in the soil (Table 3). For the ammonium nitrogen content, the ammonium nitrogen content decreased as the soil layer
deepened. In two soil layers, the soil ammonium nitrogen content was the highest in the treatment of
"#$"""". It was indicated that the application of"#$"""" in vegetation restoration of Wugong Mountain could significantly increase the soil ammonium nitrogen content in the
soil (Table 3). For soil total soluble nitrogen content,
total soluble nitrogen content decreased as the soil
layer deepened. In the 0-20cm soil layer, the content
of total soluble nitrogen in each treatment from high
to low was: "#$" """, !& ""
!$ !#, !"#'" %$$"""
and CK. In the 20-40cm soil layer, the soil total soluble nitrogen content was the highest in the treatment of!&"". It was indicated that the application of!&""in vegetation restoration
of Wugong Mountain could significantly increase
the soil total soluble nitrogen content in the soil (Table 3). For soil soluble organic nitrogen content, soluble organic nitrogen content decreased as the soil
layer deepened. In the 0-20cm soil layer and the 2040cm soil layer, the content of soluble organic nitrogen was the highest in the treatment of!&
"". It was indicated that the application of !&
"" in vegetation restoration of Wugong
Mountain could significantly increase the soluble organic nitrogen content in the soil (Table 3).

4*6;;7;*462;970.6,76;.6;*6-+275*::26
-.?.:According to the test results and the analysis
of variance, there were significant effects after using
four kinds of remediation grass in the Wugong
Mountain meadow. For total nitrogen content of
above-ground plant, when the vegetation was recovered by using!"#'"%$$""", the total nitrogen content of the above-ground plants
reached a maximum of 16.68g·kg-1 (Figure 1). For
total nitrogen content of underground plant, when
the vegetation was recovered by using !$
!#, the total nitrogen content of the underground
plants reached a maximum of 12.03g·kg-1 (Figure 2).
For above-ground biomass, when the vegetation was
recovered by using"#$"""", the aboveground biomass reached a maximum of
9228.80kg·ha-1 (Figure 3). For belowground biomass, when the vegetation was recovered by using
"#$" """, the belowground biomass
reached a maximum of 7868.44 kg·ha-1 (Figure 4).
4*6;*6-:72462;970.6:;79*0.26-.?.:According to the data in Table 4, it could be seen that
different vegetation restoration measures have a significant impact on plant and soil nitrogen storage.
For aboveground vegetation nitrogen stocks, when
the vegetation was recovered by using "#$"
""", the aboveground vegetation nitrogen stocks
reached a maximum of 121.17 kg•ha-1 (Table 4).
When the vegetation was recovered by using "
#$"""", the underground vegetation nitrogen stocks also reached a maximum of 87.37
kg•ha-1 (Table 4). For total vegetation nitrogen stock,
when the vegetation was recovered by using"
#$" """, the total vegetation nitrogen stocks
also reached a maximum of 208.55 kg•ha-1 (Table 4).
For Soil nitrogen storage in 0-20cm soil layer, the
soil nitrogen storage in each treatment from high to
low was: "#$"""", !&""
!"#'" %$$""", !$ !# and
CK (Table 4). For soil nitrogen storage in 20-40cm
soil layer, the soil nitrogen storage in each treatment
from high to low was: "#$" """, 
!"#'" %$$""", !& "" !$
!#and CK (Table 4).
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//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;276
5.*:<9.:76;7;*462;970.67/*+7=.097<6-84*6;
Different lowercase letters indicated significant differences between
different repaired species (P<0.05), the same below.





!"  ! 

$! 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;276
5.*:<9.:76;7;*462;970.67/<6-.9097<6-84*6;

$! 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;276
5.*:<9.:76*+7=.097<6-+275*::

$! 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;276
5.*:<9.:76+.47>097<6-+275*::


# 
//.,;:7/-2//.9.6;=.0.;*;2769.:;79*;2765.*:<9.:7684*6;*6-:72462;970.6:;79*0.
Treatments

Aboveground
vegetation
nitrogen stocks/
(kg•ha-1)
18.78±2.12d

Underground
vegetation
nitrogen stocks/
(kg•ha-1)
11.17±0.86d

Total
vegetation
nitrogen stock/
(kg•ha-1)
29.95±2.95d

Soil nitrogen
storage in 0-20 cm
soil layer/
(t•ha-1)
5.32±0.11c

CK
!"#'"
62.89±3.84c
37.55±3.67c
100.43±4.11c
7.33±0.14ab
%$$"""
!$!#
65.54±5.87c
47.64±4.32bc
113.17±9.17c
6.71±0.52b
"#$""""
121.17±3.59a
87.37±3.90a
208.55±7.09a
7.96±0.24a
!&""
100.59±1.44b
54.05±4.11b
154.64±5.35b
7.60±0.46ab
Different lowercase letters indicated that different recovery measures were significantly different (P<0.05).

Soil nitrogen
storage in
20-40 cm soil
layer/ (t•ha-1)
4.53±0.06d
6.71±0.28ab
5.56±0.21c
7.68±0.24a
6.27±0.45bc



%*92*6,.*6*4@:2:*6-,799.4*;276*6*4@:2:7/
:724*6-84*6;62;970.68774:26-.?.:*6-62;970.6
:;79*0.26-.?.:As shown in Table 5, among these
16 indicators, there were significant differences
among different treatments of recovery measures in

all indexes (P<0.05), but there was no significant difference among the blocks (P>0.05). All indexes were
positively correlated with each other (Table 6).
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# 
%*92*6,.*6*4@:2:7/:724*6-84*6;62;970.68774:26-.?.:*6-62;970.6:;79*0.26-.?.:26-2//.9.6;
=.0.;*;2769.:;79*;2765.*:<9.:
Indexes
Alkaline hydrolytic
nitrogen

Soil layer/cm

Total nitrogen
Microbial biomass
nitrogen
Nitrate nitrogen
Ammonium nitrogen
Total soluble nitrogen
Soluble organic nitrogen

Different recovery measures

F
P



Different blocks
F
P

0-20

4

  



2

2.108

0.184

20-40
0-20
20-40

4
4
4

 
 
   





2
2
2

2.700
2.866
0.367

0.127
0.115
0.704

0-20

4

 



2

0.122

0.887

20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

4
4
4
4
4
4
4
4
4

 
 

 
 
 
 
 












2
2
2
2
2
2
2
2
2

0.135
1.696
1.138
1.669
4.060
2.877
0.121
1.995
0.060

0.876
0.243
0.367
0.248
0.061
0.114
0.887
0.198
0.942

4

  



2

0.169

0.847

 

2

0.074

0.929

Total nitrogen of
above-ground plant
Total nitrogen of
underground plant
Aboveground biomass
Belowground biomass
Aboveground vegetation
nitrogen stocks
Underground vegetation
nitrogen stocks
Total vegetation
nitrogen stock
Soil nitrogen storage
in 0-20cm soil layer
Soil nitrogen storage
in 20-40cm soil layer
Significant results were shown in italics(P<0.05).
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4
4

  
 




2
2

0.077
0.115

0.926
0.893

4

  



2

0.197

0.825

4

 



2

0.016

0.984

4

   



2

0.114

0.893

4







2

2.772

0.122

4

   



2

0.338

0.723

# 
799.4*;276*6*4@:2:7/:724*6-84*6;62;970.68774:26-.?.:*6-62;970.6:;79*0.26-.?.:26-2//.9.6;
=.0.;*;2769.:;79*;2765.*:<9.:
Parameter

Alkaline
hydrolytic
nitrogen

Total
nitrogen

Microbial
biomass
nitrogen

Nitrate
nitrogen

Ammonium
nitrogen

Total
soluble
nitrogen

Total nitrogen of
0.523*
0.454
0.491
0.169
0.737**
0.544*
above-ground plant
Total nitrogen of
0.522*
0.569*
0.606*
0.386
0.532*
0.722**
underground plant
Aboveground
0.759**
0.750**
0.766**
0.937**
0.367
0.789**
biomass
Belowground biomass
0.729**
0.692**
0.722**
0.922**
0.301
0.776**
Aboveground vegeta0.834**
0.837**
0.865**
0.936**
0.540*
0.878**
tion nitrogen stocks
Underground vegetation
0.723**
0.712**
0.746**
0.881**
0.335
0.811**
nitrogen stocks
Total vegetation
0.799**
0.796**
0.828**
0.926**
0.462
0.862**
nitrogen stock
Soil nitrogen storage
0.870**
0.948**
0.717**
0.775**
0.605*
0.871**
in 0-20 cm soil layer
Soil nitrogen storage in
0.828**
0.697*
0.591*
0.834**
0.354
0.722**
20-40 cm soil layer
* and ** indicate extremely significant and significant correlations at the 0.05 and 0.01 levels, respectively.
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Soluble
organic
nitrogen
0.592*
0.728**
0.750**
0.730**
0.857**
0.771**
0.833**
0.845**
0.682**
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! % 
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recovery. When selecting the !& "" for
vegetation restoration, we could clearly see that the
content of soluble organic nitrogen reached the maximum value. Vegetation restoration has been carried
out in the Shanghuang watershed [31]. The results
showed that soil total N, nitrate nitrogen, and ammonium nitrogen in the small watershed varied greatly.
After the restoration of vegetation, the total nitrogen
of above-ground plant and underground plant,
aboveground biomass, belowground biomass, plant
and soil nitrogen storage increased than no vegetation restoration measures. Vegetation recovery led to
an increase in carbon and nitrogen pools and microbial biomass and may be related to recovery
measures [32]. This was similar to our study. Some
scholars have shown that carrying out vegetation restoration measures could effectively increase soil nitrogen storage [33]. This was similar to our study.
Vegetation restoration measures could significantly
increase plant and soil N storage.

"$""

In this study, five consecutive years of vegetation restoration measures were used to study the effects of different vegetation restoration species on
soil and plant nitrogen pools and nitrogen storage in
Wugong Mountain. Some scholars have shown that
restoration of vegetation is very important for accelerating soil quality improvement [21]. Some scholars have also analyzed that there is no significant difference in soil nitrogen content in the reference
grassland before and during recovery [22]. Our results showed that there was a significant difference
in soil nitrogen content before and after vegetation
restoration. This was similar to the results of the
study conducted in the southeast highlands of the
Bale Mountain [23]. According to the test data, the
total nitrogen content reached its maximum value
when "#$"""" and !&"" were
selected as the remediation species. With the deepening of the soil layer, the soil total nitrogen content
decreased. Studies have shown that different vegetation restoration measures could increase TN content
[24]. This was similar to our study. Studies have
shown that soil total nitrogen content decreased with
deepening of the soil depth under different vegetation restoration measures [25, 26]. A large number
of scholars have shown that vegetation restoration
measures were conducive to the increase of SOC and
TN, because vegetation recovery could reduce the
loss of soil SOC and TN caused by soil erosion [27].
Plant species may affect the accumulation of SOC
and TN in temperate ecosystems [28]. In our study,
vegetation restoration measures could increase soil
soluble nitrogen, which was similar to the above
findings.
For the content of soil microbial biomass nitrogen, when choosing !&"" for vegetation
restoration, the soil microbial biomass nitrogen content in the upper and lower soil layers reached the
highest. Studies have shown that with the restoration
of vegetation, total nitrogen and microbial nitrogen
have shown a rapid increase over time [29]. Vegetation reconstruction measures on abandoned arable
land in the Hungary's Kiskunság National Park
showed that the N availability and extractable inorganic nitrogen concentrations were significantly reduced at all sites [30]. This was contrary to our findings, which may be due to the different patterns that
we have performed on the alpine meadows. When
choosing "#$"""" for vegetation restoration, the ammonium and nitrate nitrogen contents of
the upper and lower soil layers both reached the
maximum value. For the total soluble nitrogen content, the total soluble nitrogen content of the upper
layer soil reached the maximum value when the "
#$"""" was selected for vegetation recovery, and the total soluble nitrogen content of the
lower layer soil reached the maximum value when
the !& "" was selected for vegetation

$""

In summary, we recommended the use of MS
("#$"""") and CC (!&"") for
vegetation restoration in severely degraded areas
during the restoration of meadow vegetation in Wugong Mountain. Because they had great significance
to the soil and plant nitrogen in Wugong Mountain
meadow. Through the study of different vegetation
restoration measures on soil and plant nitrogen pool,
to provide scientific and technological support and
theoretical basis for the rational development of
meadow ecosystem conservation.


&#"
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DETERMINATION OF PERFORMANCES SWEET
SORGHUM GENOTYPES AND VARIATIONS ON A
MEDITERRANEAN COASTAL ZONE
Cengiz Erdurmus*
Bati Akdeniz Agricultural Research Institute, 07100, Antalya, Turkey

stances that cause climate changes, global warming
and environmental pollution are released into the
atmosphere. In this respect, as in the world, production and use of Bioethanol, which is an alternative
and renewable energy source, should be provided in
Turkey as well. In Turkey, sorghum plant is the
most important of the plant species that can be used
as a renewable energy sources alternative to fossil
fuels. Sorghum plant (Sorghum bicolor L.) is a C4
plant that is more resistant to drought and high
temperature stress than many other plants and has a
high photosynthesis yield. Sweet sorghum (Sorghum bicolor L. Moench), one of the varieties of
sorghum, is a potential energy plant containing C5
and C6 sugars that are transformed into Bioethanol
efficiently. Less fertilizer, water and pesticide are
used during its plant production. It is also highly
tolerant of drought and high-temperature stresses.
[1, 2, 3]. Compared with other energy plants such
as corn, sugar cane and sugar beet, sweet sorghum
is considered to be a promising biofuel plant in the
world with its low production cost, short vegetation
time, ability to be calculated in marginal areas, high
sugar and ethanol yield (4, 5, 6, 7, 8, 9]. In this
study, the yield potentials of 9 sweet sorghum
genotypes, which were determined as promising by
making selection from world sorghum genotypes,
were shown in two locations (Antalya-Adana) in
the Mediterranean coast region.

ABSTRACT
This study was carried out in Antalya and
Adana conditions in 2016 with 9 genotypes and 4
cultivars selected by selection method from 551
sweet sorghum genotypes obtained from World
Gene Centers and determined as promising. The
experiment was carried out as 4 replications in
randomized blocks trial pattern. In Adana location,
it was determined as follows; plant height was
200.0-67.5 cm, 50% flowering days were 50.3-96.5
days, fresh weights were 4921.2-13350.8 kgda-1,
stem weights were 4021.4-10794.6 kgda-1, leaf
weights were 511.5-1564.9 kgda-1, bunch weights
were 210.9-991.1 kgda-1, stem diameters were 16.524.1 mm and stem juice yields were 542.2-3514.3
Lda-1. In Antalya location, it was determined as
follows; plant heights were 215.0-332.5 cm, 50%
flowering days were 61.0-105.3 days, fresh weights
were 5140.3-11648.3 kgda-1, stem weights were
3773.5-9429.0 kgda-1, leaf weights were 662.31779.5 kgda-1, bunch weights were 236.8-642.3
kgda-1, stem diameters were 12.5-22.8 mm and
stem juice yields were 710.2-3701.7 Lda-1. Experimental genotypes were superior to the control cultivars in both locations. As a result of the experiment, it was concluded that sweet sorghum genotypes were highly suitable to be cultivated in the
Mediterranean coast of Turkey and because of their
high biomass yield, they had the potential to be
used as energy plants.

MATERIALS AND METHODS

KEYWORDS:
Biomass, Mediterranean, Stem juice, Sweet sorghum

Material. In the study, 9 sweet sorghum genotypes provided from world gene centers (USDA
and ICRISAT), 3 sorghum cultivars belonging to
%DWÕ $NGHQL] Agricultural Research Institute
(BATEM) and 1 sorghum cultivar belonging to
Uludag University were used as plant materials. In
Antalya location, the soil characteristics of the
research site had a structure including alkaline
character, high lime, alluvion and loamy soil. On
the other side, in Adana location, the soil characteristics of the research site had mild alkaline character, alluvion and loamy soil. Climate characteristics
of research area are given in Table 1.

INTRODUCTION
Turkey is a foreign-dependent country in
terms of oil and oil derivatives. The strategic sensitivity of this situation has an important share in the
foreign trade deficit. Therefore, the alternative
energy sources that our country can produce are
extremely important. The energy used in our country consists primarily of fossil fuels. As a result of
the use of fossil fuels, toxic and carcinogenic sub-
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Location
Adana
Long term
Antalya
Long term
Location
Adana
Long term
Antalya
Long term

TABLE 1
The climate values of Antalya and Adana locations in 2016
Average temperature (oC)
June
July
August
September
October
25.3
27.7
27.7
24.0
20.5
23.4
26.5
26.5
23.2
18.1
23.8
27.7
28.6
25.0
20.5
25.4
28.4
28.2
24.7
20.0
Total rainfall (mm)
June
July
August
September
October
15.2
1.4
1.0
26.0
2.0
4.0
2.0
1.0
5.0
16.0
5.0
0.0
0.0
33.0
66.0
8.0
3.0
2.0
14.0
80.1

Average
25.04
23.54
25.12
25.34
Average
9.12
5.60
104.0
107.1

FIGURE 1
The location of the area where the experiment was conducted

plant height (cm), the number of 50% flowering
days (day), fresh weight (kgda-1), stem weight
(kgda-1), leaf weight (kgda-1), bunch weight
(kgda-1), stem diameter (mm) and stem juice yields
(Lda-1) were examined. The data obtained as a
result of the experiment were analyzed using SAS
statistical package program and the means were
compared according to the Duncan test.

In Adana location, the average temperature
between June and October of 2016 was 25.04ºC.
This value was higher than the average for many
years determined as 23.54ºC. The total rainfall
amount of Adana location was below 10 mm according to both the year of the experiment and the
average for many years. In Antalya location, the
average temperature between June and October of
2016 was 25.12ºC. In this location, the average for
many years was identified as 23.54ºC. The average
of the total rainfall for Antalya location was 104
mm and the average of it for many years was 107.1
mm.

RESULTS AND DISCUSSION
Plant height. In terms of plant size, location x
cultivar interaction was found to be significant.
Therefore, each location was evaluated within itself
(Table 2).
Plant heights in Adana location ranged between
200.0 and 367.5 cm. In this location, while the
cultivar Rox had the lowest plant size with 200.0
cm, the cultivar Genotype-7 and Gulseker had the
highest value with 367.5 cm. On the other hand, the
plant heights in Antalya location ranged between
215.0 and 332.5 cm. In Antalya location, while the
cultivar Rox had the lowest plant size with 215.0
cm, the cultivar Genotype-9 had the highest value
with 332.5 cm.

Method. The research was conducted in the
experiment area of the %DWÕ $NGHQL] Agricultural
Research Institute in Antalya and in the experiment
area of the 'R÷X $NGHQL] Agricultural Research
Institute (DATAEM) in Adana in 2016 (Figure 1).
The experiment was carried out in randomized
blocks with 4 replications. The parcels were designed as 5 m long, 4 rows, 70 cm distance between
rows and 10 cm above row. Planting was performed
on 10 June 2016 in Antalya location and on 14 June
2016 in Adana location. 2 edge rows of the parcels
were harvested and discarded, the yield values were
taken from the middle 2 rows. In the experiment,
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TABLE 2
Values of plant height, the number of % 50 flowering days, fresh weight and stem weight
Genotype
1
2
3
4
5
6
7
8
9
E.Sumac
Rox
Gozde-80
Gulseker
Significance

Plant height
(cm)
Adana
Antalya
285.0 b
300.0 bc
268.8 b
267.5 d
282.5 b
300.0 bc
262.5 bc
255.0 d
243.8 dc
250.0 d
280.0 b
280.0 cd
367.5 a
305.0 ac
282.5 b
315.0 ab
291.2 b
332.5 a
228.8 d
262.5 d
200.0 e
215.0 e
285.1 b
275.0 cd
367.5 a
255.0 d
**

The number of % 50
flowering days (day)
Adana
Antalya
60.0 ef
65.0 h
58.3 f
66.8 fg
68.0 c
96.8 b
64.0 d
68.0 ef
60.5 e
66.8 fg
61.5 e
71.0 d
96.5 a
105.3 a
64.8 d
74.3 c
64.3 d
69.3 e
54.5 g
64.8 h
66.0 gh
54.0 g
50.3 h
Õ
74.0 b
74.0 c
**

Fresh weight
(kgda-1)
Adana
Antalya
9300.0 ce
10.806.5 a
9154.0 ce
8246.3 c
13350.8 a
11648.3 a
8381.8 de
8179.3 c
8212.0 de
9655.3 b
9918.4 bc
9043.5 bc
10992.5 b
11479.5 a
9698.3 bd
11432.5 a
10067.9 bc 11266.3 a
5735.3 f
6631.0 d
4921.2 f
5363.0 e
5133.9 f
5140.3 e
8756.5 ce
9114.3 bc
**

Stem weight
(kgda-1)
Adana
Antalya
7644.3 cd
9334.8 a
7441.4 cd 6994.0 bc
10794.6 a
9330.8 a
6792.9 d
6250.0 c
6724.3 d
7721.8 b
8042.9 c
7273.0 b
9732.9 b
9429.0 a
7625.0 cd
9220.0 a
7792.9 cd
9154.5 a
4684.3 e
5404.0 d
4082.2 e
4357.0 e
4021.4 e
3773.5 e
7750.0 cd
7660.5 b
**

genotypes in tropical conditions, Rao et al. [17]
identified the number of flowering days between 77
and 91 days, Mannai et al. [18] determined the
number of flowering days between 56 and 133 days
for sorghum genotypes. Çeçen et al. [19], in their
study conducted in Antalya conditions, found that
the number of 50% flowering days for the cultivar
Gozde-80 as 58 days and for the cultivar Rox as 69
days. Our study shows similarities with the previous research in terms of the number of 50% flowering days. For sorghum, the number of 50% flowering days is an important criterion in terms of the
determination of the harvest time. Especially in the
second crop cultivation, the harvest needs to be
done before entering the winter cold. For this reason, the use of cultivar having less flowering days
is gaining importance.

Rao et al. [10], in the study of sweet sorghum
cultivars in India, determined that plant heights
ranged between 288-332 cm; Keskin et al. [11]
determined that the plant heights of the sorghum
cultivars ranged between 194.0-214.7 cm in Van
FRQGLWLRQV%DODEDQOÕDQG7UN[12] determined that
the plant heights of the sorghum cultivars ranged
between 178.0-222.2 cm in Isparta conditions;
Arslan [13] determined that the plant heights of the
sorghum cultivars ranged between 195.5-227.3 cm
LQ $QWDO\D FRQGLWLRQV .DUDWDú DQG 7DQVÕ [14] determined that the plant heights of the sorghum cultivars ranged between 232.12-242.03 cm in Çukurova conditions. While the plant height values obtained in our study were similar to Rao et al. [10],
Budak and Kizil Aydemir [15] and Mokhtari and
Emeklier [16], they were higher than other studies.
One of the most important criteria in plants used as
source of energy is the amount of biomass. There is
a positive relationship between the amount of biomass and plant height of sorghum. In this study, 9
sweet sorghum genotypes used as materials gave
high values in both locations and those values were
higher than the values of the control cultivars.

Fresh weight. In the study, in terms of wet
weight, location x cultivar interaction was determined as significant and locations were evaluated
individually (Table 2). In this experiment, it was
determined that the fresh weights ranged between
4921.2 and 1335.0 kgda-1 (Rox-Genotype-3) in
Adana location, and it ranged between 514.3 and
11648.3 kgda-1 (Gözde-80-Genotype-3) in Antalya
location. Çeçen et al. [19] determined the fresh
yield of Rox sorghum cultivars as 7327 kgda-1 in
Antalya conditions; Keskin et al. [11] determined
the fresh yields as 4182.0-5032.0 kgda-1 in Van
conditions; Geren and Kavut [20] determined the
fresh yield of the sorghum cultivar as 6705 kgda-1
in Izmir conditions; In their study in which Rox,
Gozde-80 and E. 6XPDF ZHUH XVHG %DODEDQOÕ DQG
Türk [12] determined the fresh yield of the cultivars
as 4371.2 and 6429.3 kgda-1 in Isparta conditions;
Rao et al. [11] determined the fresh yield of sweet
sorghum genotypes as 3920-6750 kgda-1 in tropical
conditions; Rao et al. [17] determined the fresh
yields of sweet sorghum cultivars as 5015-6570

The number of 50% flowering days. In the
experiment, the interaction between the location x
cultivar was found significant in terms of the number of 50% flowering days (Table 2). In Adana
location, the number of %50 flowering days were
found between 50.3 and 96.5 days. In this location,
the cultivar Gozde-80 was determined as the earliest with 50.3 days and cultivar Genotype-7 was
determined as the latest with 96.5 days. In Antalya
location, the number of %50 flowering days were
found between 61.0 and 105.3 days. In also this
location, like the Adana location, the cultivar
Gozde-80 was determined as the earliest and cultivar Genotype-7 was determined as the latest. While
in their research conducted with 16 sweet sorghum
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weights ranged between 236.8 and 642.3 kgda-1. In
Antalya location, the cultivar E. Sumac had the
lowest bunch weight with 236.8 kgda-1 and Genotype-3, as in Adana location, had the highest value
with 642.3 kgda-1. In another study, Arslan [13]
reported that the bunch weights ranged between
10.3 and 19.0 g plant-1.

kgda-1 in India. In the present study, it was found
that the obtained wet weight values were higher
than those obtained in other studies. This difference
might have been due to the materials and environmental conditions used in the study. Examining the
fresh weight values, it was found that the genotypes
used in this experiment showed superior values in
both locations. The Genotype-3 used in this study
gave the highest value in both locations.

Stem diameter. In terms of stem diameter, in
the experiment, location x cultivar interaction was
found as significant (Table 3). In Adana location,
the stem diameters were found between 16.5 and
24.1 mm. In this location, it was determined that the
cultivar Gözde-80 had the lowest stem diameter
value with 16.5 mm and Genotype-3 had the highest stem diameter with 24.1.
On other side, in Antalya location, again the
cultivar Gözde-80 gave the lowest stem diameter
value with 12.5 mm. In this location, the highest
stem diameter value was obtained from genotype-5
with 22.8 mm. In the literature, it was noted that the
stem cross-sections of the sorghum cultivars were
elliptic and the stem thicknesses ranged between 15 cm and the stem diameter decreased in the upward direction [23, 25, 26, 27]. In their studies,
,SWDúDQG<ÕOPD][24] state that the stem diameters
ranged between 9.90 and 11.50 mm in cultivars of
silage sorghum-sudan grass crossbreed. In addition,
Acar et al. >@DQG*QHúDQG Acar [21] stated that
stem diameters ranged between 0.99-1.39 and
11.00-12.60, respectively. The stem diameter values obtained by the other researchers in their studies were identified to be lower than that of our
study. It can be said that the environmental conditions of our study and the differences of cultivars
used in the study might have caused this.

Stem weight. In the experiment, in terms of
stem weight, location x cultivar interaction was
found significant. Therefore, each location was
evaluated individually (Table 2). Stem weights at
Adana location ranged between 4021.4 and 10794.6
kgda-1. In this location, while cultivar Gözde-80 had
the lowest stem weight with 4021.4 kgda-1, Genotype-3 had the highest value with 10794.6 kgda-1.
Stem weights at Antalya location ranged between
3773.5 and 9429.0 kgda-1. In Antalya location,
while cultivar Rox had the lowest stem weight with
3773.5 kgda-1, Genotype-7 had the highest value
with 9429.0 kgda-1. *QHú and Acar [21], in their
study in Karaman conditions, found stem weights
as 145.56-211.10 g plant-1. In their studies, Acar
DQG <ÕOGÕUÕP [22], Acar et al. [23]) and ISWDú DQG
<ÕOPD][24] reported the stem weights as 102.48 g
plant-1, 406.80-533.80 g plant-1, and 173.10-194.50
g plant-1, respectively. In sorghum, stem weight is
an important criterion in bioethanol production. In
bioethanol production, the stems of the sorghum are
squeezed and their juice is extracted. In this context, as the amount of stem increases, the amount of
juice also increases. In terms of stem weight, the
majority of the genotypes used in our study are
more valuable than control cultivars.

Stem juice yield. In the experiment, the location x cultivar interaction was found significant in
terms of stem juice yield (Table 3). In Adana location, while the cultivar Gozde-80 gave the lowest
value with 542.2 Lda-1, Genotype-3 gave the highest value with 3514.3 Lda-1. On the other side, in
Antalya location, while the cultivar Gözde-80, as in
Adana location, gave the lowest value (710.2
Lda-1), the Genotype-9 gave the highest value
(3701.7 Lda-1). In their study carried out in India,
Rao et al. [11] found that stem juice yields of sorghum cultivars were between 1554-2084 Lda-1. In
another study in which the effect of different planting times in sweet sorghum was researched in Arizona, U.S., Teetor et al. [28] found that planting in
May was suitable in terms of stem juice yield, and
the stem juice yields of cultivars ranged between
3044.94 Lda-1and 5360.07 Lda-1. In the study of
Davilla-gomez et al. [29] conducted in Texas, U.S.,
it was found that the stem juice yields of five different sweet sorghum cultivars 4 weeks after the

Leaf weight. In the experiment, in terms of
the leaf weight, location x cultivars interaction was
found as significant (Table 3). In Adana location,
the cultivar Rox had the lowest value with 511.5
kgda-1 and Genotype-3 had the highest value with
1564.9 kgda-1. In Antalya location, the cultivar Rox
had the lowest value with 511.5 kgda-1 as in Adana
location and Genotype-8 had the highest value with
1556.0 kgda-1. In terms of leaf weight, in their
VWXG\ *QHú DQG $FDU [21] stated that it was
ranged between 46.66 and 81.03 g plant-1. They
also determined the average leaf weight as 62.55 g
plant-1.
Bunch weight. In the experiment, location x
cultivar interaction was found as significant in
terms of bunch weight. Therefore, each location
was evaluated individually (Table 3). In Adana
location, the bunch weights ranged between 174.2
and 991.1 kgda-1. In this location, the cultivar
Gulseker had the lowest bunch weight with 174.2
kgda-1 and Genotype-3 had the highest value with
991.1 kgda-1. In Antalya location, the bunch
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TABLE 3
Leaf weight, bunch weight, stem diameter and stem juice yield values
Bunch weight
Stem diameter
Stem juice yield
Leaf weight
-1
-1
)
(kgda
)
(mm)
(Lda-1)
(kgda
Genotype
Adana
Antalya
Adana
Antalya
Adana
Antalya
Adana
Antalya
1
924.0 ce
996.3 e
731.8 bd 475.5 be 22.0 ab
19.4 cd
2668.0 b 3594.7 a
2
962.6 ce
874.3 ef
750.0 bd 378.0 dg 20.8 bc
20.9 bc
2539.8 b 2271.5 de
3
1564.9 a
1675.3 ab
991.1 a
642.3 a
24.1 a
21.3 ab
3514.3 a 2858.4 b
4
936.4 ce
1440.0 c
652.5 ce 489.0 bd 20.5 bc
17.4 ef
2489.3 b 2215.3 de
5
937.3 ce
1575.5 ac
550.8 df
358.0 eg
21.6 b
22.8 a
2193.6 bd 2634.0 bc
6
1243.8 ac
1224.0 d
631.7 de 546.5 ac 22.2 ab
18.5 de
2371.4 b 2488.4 cd
24.1 a
21.5 ab
2680.0 b 2526.3 cd
7
1048.7 cd
1762.5 a
210.9 h
288.0 gh
8
1210.0 bc
1779.5 a
863.3 ac
433.0 cf 19.9 bc
16.4 fg
2335.7 bc 2908.9 b
9
1388.8 ab
1556.0 bc
885.9 ab 555.8 ab 20.8 bc
18.5 de
2515.7 b 3701.7 a
E. Sumac
699.8 df
990.3 e
351.0 fh
236.8 h
19.1 c
19.1 de
1609.3 d 2152.8 e
Rox
511.5 f
662.3 g
327.8 gh 343.8 gh 20.1 bc
15.0 g
1739.8 cd 1503.6 f
469.9 eg 588.8 ab
16.5 d
12.5 h
542.2 e
710.2 g
Gözde-80
642.9 ef
778.0 fg
Gulseker
832.3 df
980.0 e
174.2 h
473.8 be
24.1 a
19.0 de 2142.9 bd 2051.5 e
**
**
**
**
Significance

flowering were between 1500 and 2830 Lda-1.
Sakellariou-Makrantonaki and Dimakas [30] found
that stem juice yields of sorghum cultivars were
between 677-905 Lda-1 in Greece. The amount of
juice we obtained in our experiment and the values
obtained in other studies were compatible with each
other. In Bioethanol production, the amount of juice
is one of the most important criteria. No matter how
high the amount of water-soluble dry matter in the
plant, if the amount of juice is low, ethanol yield is
also low.
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groundwater supplies [1, 2]. In recent years,
groundwater contamination because of human activities has become increasingly severe and, in
China, the Ministry of Land and Resources reported
that almost 90% of the shallow groundwater was
polluted [3, 4]. Further, in addition to issues of
quality, there were serious water shortages in 40%
of the 96 main state-owned coal mines [5, 6]. Pollutants may be released into the environment during
the coal-mining process, and may ultimately reach
the groundwater, resulting in groundwater contamination [7].
The Sunan coal-mining district is a major
coal-mining district of the Huaibei coalfield in
northern Anhui Province, China. This area is also
important for agriculture. [8]. The shallow groundwater resources of the study area are used as irrigation water in grain production, and also as drinking
water for the people who live in the region. Therefore, the groundwater has been considered from a
range of perspectives, such as an assessment of the
water quality, an assessment of the health risk from
trace elements in water, and isotopic geochemical
characteristics of groundwater [7, 9, 10, 11].
Whenever there is scarcity of water, mine water is
extremely useful for meeting the local demand for
industrial, agricultural, and domestic water. Its
suitability for domestic and agricultural use, however, is determined by its hydrogeochemistry. Up to
now, there are very few studied on hydrogeochemistry characteristics by using conventional hydrogeochemical data and environmental stable isotopes.
Therefore, in this study, twenty shallow
groundwater samples and three surface water samples were collected from the Sunan coal-mining
district. Major ion analysis and coupling analysis by
environmental stable isotopes (D, 18O) and the total
dissolve solid (TDS) had been used to study the
hydrogeochemical characteristics of the groundwater and to identify the main hydrogeochemical pro-

Conventional hydrogeochemical data and hydrogen and oxygen stable isotopes were applied for
studying the hydrochemical characteristics of the
shallow groundwater in the Sunan coal-mining district, Northern Anhui Province, China, and to identify the main hydrogeochemical processes and formation mechanisms. The result showed that the
groundwater samples presented neutral. The
groundwater was dominated by the HCO3- Ca·Mg
and HCO3-Na+K·Mg·Ca types, with high concentrations of Na+ and HCO3- in cations and anions,
respectively. Apart from HCO3- at two sampling
points, the concentrations of all major ions and total
dissolved solid (TDS) were below the permissible
limits of the World Health Organization (WHO).
Analysis using hydrogen and oxygen stable isotopes indicated that δ values of the shallow
groundwater were mostly below precipitation line
of local and surface water line of the coal district,
and precipitation or surface water was major replenishment of the aquifer. The mixing action of
groundwater had little effect on the δD and δ18O
values even if TDS had an increasing tendency
along the groundwater-flow direction. A Gibbs plot
suggested that the major ion chemistry of the
groundwater was primarily controlled by weathering of rocks, and that the first aquifer in the Sunan
coal-mining district was a relatively closed system.
,+#&'
Hydrogeochemistry, Hydrogen and oxygen stable isotopes, Water-rock interaction, Shallow groundwater, The
mining area in northern Anhui
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Groundwater is indispensable for human survival. One third of the world’s population relies on
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the Quaternary loose layer with a thickness of
39.8~453.0 m. According to the Huaibei coalfield
integrated hydrogeological histogram [8]. The Cenozoic group in the study area contains four aquifers, namely (from top to bottom), the first aquifer,
the second aquifer, the third aquifer, and the fourth
aquifer. The fifth aquifer of the Mesozoic Jurassic
group is found only in Zhuxianzhuang coal mining
area. The shallow groundwater in the Sunan
coal-mining district is derived from the first aquifer,
where the main rock types are mudstone and siltstone. The first aquifer has a mean thickness of 30
m, and the water is used for drinking water, irrigation, and industry. The shallow groundwater in the
Sunan coal-mining district is generally pumped
from dugwells.

'0;>:4=::42A8=<A total of twenty shallow
groundwater samples and three surface water samples were collected from the Sunan coal-mining
district and rivers in the vicinity of the coal mines,
during July 2017(Figure 1). Samples were taken
from shallow wells (sampling depth < 30 m). Water
samples were filtered (0.45 μm Millipore membrane filter) and collected into 2.5 L polyethylene
bottles with watertight caps. Before sampling, the
bottles were cleaned three times with double deionized water in the laboratory. The groundwater samples were then sent to the laboratory and stored at
4 °C for further analysis.

cesses and formation mechanisms. The results from
this study are intended to be of value in the protection of groundwater resources.
!(& '"!(#'

'AB3F 0?40 The study area, Sunan
coal-mining district, is situated in the north of Anhui Province, China (116°45′ - 117°12′ E, 33°21′ 33°42′ N (Figure 1). The study area is a major district in the Huaibei coalfield. The Sunan
coal-mining district comprises seven coal mines,
namely, the Zhuxianzhuang, Luling, Taoyuan, Qinan, Qidong, Qianyingzi and Zouzhuang mines [12].
The district is surrounded by the Banqiao Fault to
the south, the North Suzhou Fault to the north, and
the Nanping Syncline to the west (Figure 1(c)). Due
to the influence of Sunan Syncline and Sunan anticline, the district is divided into three main tectonic
units. This region has a warm, temperate,
semi-humid monsoon climate, and is warm in
summer and very cold in winter. The annual average temperature is about 14 ~ 14.5 °C. The average
annual precipitation is about 774 ~ 895 mm, and the
rainfall is concentrated in the summer. The annual
evaporation is 832.4 mm. The main rivers are
Tuohe River, Huihe River, which both belong to
small seasonal rivers. (Figure 1(c)).
The coalfields in the study area are covered by
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S15
S16
S17
S18
S19
S20
SW1
SW2
SW3
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H

H I

26.73
25.02
44.11
28.19
125.72
144.58
16.95
24.18
20.32
24.31
26.59
53.41
26.57
28.30
36.76
177.39
166.29
158.68
125.38
86.53

62.87
41.58
28.39
120.59
94.49
166.94
50.82
84.72
80.14
39.33
41.17
34.77
37.77
41.61
47.01
22.62
18.22
27.50
66.76
36.84

29.20
15.74
23.12
71.86
56.15
100.93
15.23
33.20
39.80
25.30
35.53
28.05
35.28
28.13
30.53
29.10
24.13
45.72
19.04
65.99

37.08
9.66
13.41
163.66
113.52
230.95
7.64
100.73
80.62
5.09
41.18
22.52
16.64
4.33
29.88
34.40
14.27
42.22
51.47
40.95

59.71
7.74
7.25
64.93
233.54
227.53
4.11
58.26
77.30
14.06
12.03
9.82
1.84
1.89
4.68
48.83
36.28
87.50
132.55
45.67

300.61
288.16
304.96
479.23
423.21
688.97
321.58
313.24
321.58
402.47
325.69
344.36
342.31
367.20
356.81
624.43
549.74
564.31
460.56
599.53

7.2
7.2
7.5
6.8
7.0
6.6
7.3
7.3
7.2
7.4
7.3
7.3
7.2
7.3
7.1
7.3
7.4
7.2
7.0
7.8

400
258
269
796
917
1510
263
471
459
348
319
321
289
288
327
625
534
645
642
576

-50.46
-50.41
-47.76
-50.66
-50.85
-50.22
-47.88
-51.31
-53.69
-54.10
-63.00
-47.96
-51.67
-53.06
-51.55
-50.60
-48.87
-53.34
-49.43
-54.62
-38.91
-37.58
-39.19

-7.79
-7.39
-6.93
-7.68
-7.20
-7.10
-6.90
-7.41
-7.45
-7.51
-8.03
-6.45
-7.03
-7.21
-7.20
-6.69
-6.58
-7.30
-6.79
-7.45
-4.12
-4.18
-4.40

Units: Ion concentration (mg/L), TDS (mg/L), pH (standard units), δD (‰), δ18Ο (‰).
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'0;>:4 <0:F@8@ Analytical processes were
analyses are generally expressed in per mille (‰).
performed at the National Engineering Research
The expression for δD or δ18O as follows: δD or
Center of Coal Mine Water Hazard Controlling
δ18O=1,000×[(Rsample/Rstandard)-1], where R refers to
(Suzhou University), Anhui Province, China. Major
the D/1H or 18O/16O ratios in both sample and
2+
+
2+
2+
ions (Na +K , Ca , Mg , Cl , and SO4 ) were
standard of Vienna Standard Mean Ocean Water
(V-SMOW) [14, 15]. Uranium reduction process
measured by ion chromatography (IC) (Thermo
method and CO2-H2O equilibrium method were
Fisher Scientific, CIC-200). The HCO3- concentration was determined by titration with 0.02 N sulfuused to process the D and 18O samples. δ values
were determined by mass spectrometry. The preciric acid on the day of sampling before filtration,
sion of test was ±0.2 ‰ for δD and ±0.1 ‰ for
methyl-orange-endpoint titration was used with the
δ18O.
final pH being 4.2-4.4 [13]. TDS and pH, were
measured in situ with a portable instrument (HM,
COM-100). The analytical precision for major ions
was within 1%. For all water samples, ion balance
errors (IBE) were <5%. The results of D and 18O
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A82@Statistical analysis results were shown in Table
1. The temperature of the groundwater samples
collected during the fieldwork ranged from 19.7 to
22.6 °C and had an average value of 21.0 °C.The
groundwater samples collected from the dugwells
were close to neutral and ranged from 6.6 (S6) to
7.8 (S20), with an average of 7.2. These values
were within the range (6.5~8.5) recommended by
the World Health Organization [16]. The major cations of the groundwater were predominantly
Na++K+, while the major anions were predominantly HCO3- (Figure 2). As a whole, the mean cation and anion concentrations, respectively, followed
a decreasing order as: Na++K+ > Ca2+ > Mg2+, and
HCO3- > SO42- > Cl-.
The main ion concentrations and TDS of all
the groundwater samples in the study area were
graphically shown in Figure 2, and were compared
with the WHO’s guideline values [16, 17]. The results indicated that the concentrations of all the
samples were below the permissible limits of 200
mg/L for Na+, 200 mg/L for Ca2+, 150 mg/L for
Mg2+, 600 mg/L for Cl-, 400 mg/L for SO42-, 1500
mg/L for TDS, and the HCO3- content of two samples were higher than the permissible limit of 600
mg/L. As can be seen from Table 1 and Figure 2,
the result also showed that the concentrations of all
the samples exceeded the desirable limits of 50
mg/L for Na+, 75 mg/L for Ca2+, 50 mg/L for Mg2+,
200 mg/L for Cl-, 200 mg/L for SO42-, 200 mg/L for
HCO3-, 500 mg/L for TDS, and the number of samples exceeded the limits accounted for 40%, 25%,

20%, 5%, 10%, 100%, and 40% of groundwater,
respectively. The variations of HCO3- were derived
from natural weathering reactions [18]. Although
the Na++K+ concentration also included the K+
concentration, its concentration was very low and
accounts for less than 1% of the total Na++K+ concentrations. Therefore, the Na+ contents in Sunan
coal-mining district were relatively high. The Na+
content in samples from dugwells was related to the
interaction between groundwater and rock forming
minerals like sodium plagioclase [19, 20]. As an
inland area, the TDS contents in shallow groundwater in the study area are high, which mainly results from the contents of soluble salts within the
geological formation and interactions of groundwater with subsurface minerals [19, 21].
To further study the hydrogeochemical characteristics of the groundwater in this region, a Piper
trilinear diagram was plotted using the major cations and anions of groundwater samples (Figure 3)
[22, 23]. The Piper chart indicated that the alkalies
earths (Ca2+ + Mg2+) exceeded the alkalies
(Na++K+), and that the weak acid (HCO3-) exceeded
the strong acid (Cl- + SO42-). In all, six hydrochemistry types were represented in the region as follows:
sites S1, S7, S10, S11, and S13 were the
HCO3-Ca·Mg; sites S2, S3, S5, S6, S12, S14, and
S15 were the HCO3-Na+K·Mg·Ca; sites S16, S18,
and S20 were the HCO3-Na+K·Mg; site S17 was
the HCO3-Na+K; sites S4, S8, and S9 were the
HCO3·Cl-Ca·Mg;
site
S19
was
the
HCO3·SO4-Na+K·Ca. Therein, the HCO3-Ca·Mg
and HCO3-Na+K·Mg·Ca types dominated and represented 25% and 35% of all the sampling sites,
respectively.
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 - shallow groundwater;  - surface water;  - Global Meteoric Water Lin (GMWL);  - Local Meteoric Water Line (LMWL);
 - evaporation line; shallow groundwater line;  - regression equation of GMWL;  - regression equation of LMWL;  regression equation of evaporation line;  - regression equation of mid-layer groundwater

sented in the group as follows: HCO3-Na+K·Mg,
HCO3-Na+K, and HCO3·SO4-Na+K·Ca. Group III
included three groundwater samples, which were
collected from Taoyuan mine. One hydrochemistry
types was represented in the group as follows:
HCO3-Na+K·Mg·Ca.

Hierarchical cluster analysis (HCA) was applied for grouping the groundwater samples into
significant different clusters [24]. Figure 4 showed
the dendrogram with three groups. As can be seen
from the Figure 4, most of groundwater samples
were grouped into group I, those samples were collected from Qidong, Qinan, Qianyingzi, and Zouzhuang mines. Three hydrochemistry types are represented in the group as follows: HCO3-Ca·Mg,
HCO3-Na+K·Mg·Ca, and HCO3·Cl-Ca·Mg. Group
II consisted of five groundwater samples, which
were collected from Luling and Zhuxianzhuang
mines. Three hydrochemistry types were repre-

F3?=64< 0<3 =EF64< @A01:4 8@=A=>82 2=;
>=@8A8=<0<328?2B:0A8=<270?02A4?8@A82@The relation between the δD and δ18O values of the shallow
groundwater, and surface water were depicted in
Figure 5. The global meteoric water line (GMWL
for short) and the local meteoric water line (LMWL
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for short) defined as δD=8δ18O+10 [25], and
δD=7.8δ18O+8.2 [26], respectively. δD of the surface water varied from -39.19‰ to -37.58‰ with
an average of -38.56‰, and δ18O ranged from
-4.40‰ to -4.12‰ with an average of -4.23‰. The
relation between δD and δ18O values in the surface
water samples was characterized by the equation
δD=2.7δ18O-27.4, and its slope was obviously lower than LMWL’s slope, which mainly because of
the stronger effect of evaporation [27], which was
good consistent with the sampling time. The shallow groundwater samples had small differences in
the D and 18O composition, δD varying from
-63.00‰ to -47.76‰ with an average value of
-51.57‰, and δ18O ranging from -8.03‰ to -6.45‰
with an average value -7.20‰, respectively, the
fitting equation was δD=5.8δ18O-9.5. Mostly samples lied below the LMWL and evaporation line,
indicating that the groundwater in study area receives recharge from atmospheric precipitation or
surface water.
Hydrogeochemical composition of groundwater is the result of ion’s migration and transformation under the action of physical and chemical
equilibrium [28, 29]. TDS is a comprehensive reflection of the accumulation of conventional hydrogeochemical ions in groundwater, and is an important indicator of groundwater salinization [30].
Generally, during the course of groundwater circulation, TDS gradually increases along the direction
of groundwater flow [29]. δ values of almost all
samples were distributed below the average δ values (δD=-45.55‰, δ18O=-6.86‰) of local atmospheric precipitation, and there was a very weak
correlation between TDS and δD, δ18O (Figure 6),
indicating that during the course of the groundwater
migration and transportation, the mixing action of
groundwater had litter influence on the δ values, but
the action of dissolution continued to occur, therefore, TDS had an increasing tendency. It was concluded that the detained time of the groundwater in

the study area was long, and there was no close
hydraulic connections between the groundwater and
atmospheric precipitation in the study area.
F3?=64=274;820: >?=24@@ An objective of
this study was to gain an insight into the hydrochemical characteristics of the shallow groundwater
from the first aquifer. To better understand the relation of the chemical composition of groundwater,
the Gibbs diagrams were constructed by plotting
TDS versus anions [Na++K+/(Na++K++Ca2+)] (Figure 7(a)), and TDS versus cations [Cl-/(Cl-+HCO3-)]
(Figure 7(b)) [19]. As can be found from the two
plots, the major ion chemistry of the groundwater in
the study area was controlled by weathering of
rocks. There was no groundwater sample fell in the
precipitation zone, it had come to the conclude that
there was a very weak hydraulic connection between the groundwater and atmospheric precipitation in the study area. Previous studies of isotopes
(T, D, 18O, 87Sr/ 86Sr, 13Cdic and 18Odic) analysis of 23
groundwater samples of the Sunan coal-mining
district showed that weathering of rocks was the
main control on major ion chemistry and the aquifer
was a relatively closed system [31], which was
good agreement with the Gibbs plots (Figure 6) in
this study.
Principal component analysis was used for
multivariate exploratory analysis [32]. Varimax
rotation was applied to the principal components to
find factors that could be more easily explained in
terms of hydrochemical or anthropogenic processes.
A graphical representation for factor loading of
principal components (eigenvector > 1) and their
cumulative variance (%) were shown in Figure 8.
According to the loads and the principal component
scores, it was easy to find out the hydrogeochemical information of the groundwater in the study area,
and to facilitate tracing their main water-rock interactions [33].
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72.30% of the total variance. Na+ and HCO3- had
higher loads in the PC2, representing that the main
water-rock interaction was desulfurization or cation
exchange and adsorption in the shallow groundwater in Sunan coal-mining district. A third principal
component (PC3) included δD and δ18O and explained 87.74% of the cumulative variance, representing that hydrogen and oxygen isotopes exchange reaction had happened between the
groundwater and aquifer media.






Three components were extracted with eigenvalues higher than 1, and the total cumulative variances reached 87.74% (Figure 8). Therein, the top
two principal components that cumulative variances
of this were 72.30% could explain the main water-rock interaction in the aquifers in the study area.
As can be seen from Figure 8, the first component
(PC1) explained 46.39% of the cumulative variance
with positive loading on Ca2+, Mg2+, Cl-, SO42-, and
TDS, and with negative loading on pH. Ca2+, Mg2+,
and SO42- had higher loads in the PC1, representing
that the main water-rock interaction was pyrite oxidation or groundwater hardening. Cl- had also high
load in the PC1, because sodium ion has good solubility in water. Na+ and HCO3- were associated in a
second principal component (PC2) that explained
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Twenty shallow groundwater samples and
three surface water samples were collected and analyzed hydrogeochemical characteristics. As a
whole, the mean cation and anion concentrations,
respectively, followed a decreasing order as:
Na++K+ > Ca2+ > Mg2+, and HCO3- > SO42- > Cl-.
The concentrations of all the samples exceeded the
desirable limits of WHO, and the number of samples exceeded the limits accounted for 40% for
Na++K+, 25% for Ca2+, 20% for Mg2+, 5% for Cl-,
10% for SO42-, 100% for HCO3-, and 40% for TDS
of the groundwater, respectively. A Piper trilinear
diagram indicated that the hydrochemical facies of
the region was dominated by the HCO3-Ca·Mg
(25%) and HCO3-Na+K·Mg·Ca (35%) types. All
the groundwater samples were grouped three clusters by using HCA. Elements contents in the
groundwater samples were mainly influenced by
rock weathering, and there is no close hydraulic
connection between the groundwater in the aquifer
and atmospheric precipitation in the study area,
according to the analysis of Gibbs plots and hydrogen and oxygen stable isotopes. Principal component analysis was used to analyze the main water-rock interactions. PC1 and PC2 had large variance contributions, and their main water-rock interactions were represented “pyrite oxidation or
groundwater hardening” and “desulfurization or
cation exchange and adsorption”, respectively.
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Aim of this study was to determine the algae
occurring in organically polluted Haringet Stream
which has been subjected to continous discharge of
pre-treated waste water of Elazığ Province. For this
purpose the occurrence of algae at discharge part of
sewage and in the unpolluted upper part of the
stream was studied for a period of a year. Polluted
part of the stream was richer in species composition
whilst number of algal species was less in the clean
upper part of the stream. The most of the algae
recorded at discharge zone of sewage were diatoms,
followed by blue-greens. In contrast, Chlorophyta
and Euglenophyta were represented with less number of species and cell numbers. Diatom flora in
polluted part of stream composed mainly of ) 
#) , &$'&%$, - ,# and  +0*  spp.
* ##+&)  spp were the most noticable members
of blue-green whilst %*$,* and #$/&
$&%* spp were conspicuous green algae in the
polluted part. At species level, )/* ) $ )&
'# &$'&%$ &# -,$ - ,# ) 
&*,  +0*   ** '+,  $ %,+  '# 
)+ * ##+&)  # $&*  *%+  +%, *
#%"+&+) . ),*%* *,&*+,)&* ) )
- *+) + and & &*'%  )- + were particularly noticable pollution algae with their high
cell numbers and frequency of occurrence. The
algae occurred in unpolluted part were only diatoms, mostly different species than those recorded
in polluted part. Occurrence of algal species in
polluted and unpolluted parts of the stream were
discussed and evaluated in relation to pollution
sensitivity and pollution tolerance. The normality of
data was tested for each parameter using the
Shapiro-Wilk test. Normally distributed season data
were compared using a one-way analysis of variance (ANOVA), whereas those non-normally distributed data on water quality parameters were
compared using either the Mann-Whitney (M-V)
test for two groups.



Pollution is one of the most serious environmental problem that mankind has been facing for
last two centuries and organic pollution is considered one of the most common types all over the
world. Organic pollutants originate from both raw
or treated domestic sewage, urban run-off, industrial effluents and farm wastes. However sewage
eflluents is the greatest and the most common organic materials being discharged into freshwaters.
Organic pollution in a stream affects the physical chemical conditions and aquatic organisms
living in a stream in many detrimental ways. The
concentration of dissolved oxygen are lowered
through oxidation process of organic matter by
bacteria. Increasing turbidity due to organic effluents also deteriorated water quality in a stream. The
effects of both organic and inorganic pollution is
detrimental to many algae which are so sensitive
that may be completely disappear. Nevertheless
their place is taken by other algal species which are
resistant to the conditions brought in by pollution.
Such changes in occurrence and abundance of algal
species due to pollution is important both for determination of indicator species and biological
monitoring of aquatic ecosystems for their ecological quality.
There are many studies related to both clean
water and pollution algae all over the world [1-4].
However information pertaining to diversity of
algal flora in polluted freshwater ecosystems in
Turkey is meager [5]. Since there has been no detailed studies on pollution algae in Turkey, an attempt has therefore been made to determine the
algae occurring in a stream heavily polluted with
organic effluents of a city sewage. Two sampling
sites were determined for the purpose of the study.
First site located at and below the discharge point of
sewage (polluted part) and the other was selected in
the upper part of the stream (unpolluted part) far
away from pollution source. This is important to
compare the water conditions and occurrence of
algae both at heavily polluted and unpolluted parts
of the stream.

&% !
Algae, organic pollution, pollution sensitivity, Haringet
Stream, Elazığ, Turkey
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parameters were compared using either the MannWhitney (M-V) test for two groups.

The study was conducted for a period of a
year. Water and algal samples were collected from
!#"!
polluted and unpolluted part of the stream seasonally. Water samples were collected in plastic bottles
and analysed immediately in the laboratory. EpiThe seasonal physical and chemical values bepelic algae were taken by scrubbing the slippery
long to water quality of Haringet Stream obtained
pebbles from sediment and also by using a glass
through measurements and analysis were shown at
pipe with 0,8 cm in diameter and 100 cm length.
Table 1. There was no statistically significant diffeThe pipe was moved in a circular direction over the
rence in the variation of water quality parameters
surface of sediment, releasing the tumb to take up
between the seasons (F3,100=0.17, p>0.05). Furtsediment [6]. For studying rare epilithic algae, surhermore, no statistically significant difference beface of stones and gravels were scrubbed. The coltween the sampling points in the variations of temlection timings were set between 9-12 am.
perature, salinity, silica, sulfate, permanganate
Bacillariophycean taxa were studied after
oxidability and orthophosphate were detected (Mclearing the frustules by concentrated sulphuric acid
W test, p>0.05). However, spatial variations of pH,
and potassium dichromate method of Patrick and
EC, DO, NO2, NO3 and BOD were significantly
Reimer [7]. Chlorophycean and Cyanophycean
different (M-W test, U=0.00, p<0.05) between the
algae were stained with iodine and dilute safranin
sampling sites. The fact that pH, conductivity, nirespectively and mounted in glycerin [8]. Identificatrite, nitrate and biochemical oxygen demand in
tion was confirmed by crosschecking each speciunpolluted zone of stream was considerably higher
men with literature and monographs [9-23]. All
than polluted zone whilst dissolved oxygen concenalgae samples were deposited.
tration was lower. The results clearly showed that
Water temperature, dissolved oxygen, and pH
the part of the stream where sewage discharges
were measured in situ by means of YSI52 and
heavily polluted with organic wastes, as previously
YSI63 respectively whilst concentrations of ortho
shown by Saatci and Demirci [26], Unlu and Tunc
phosphate (PO4) nitrite (NO2), nitrate (NO3), sul[27], Baytasoglu and Sen [28] and Aydin [29].
As seen from the table 1. BOD concentrations
fate (SO4) and silica (SiO2) were analysed through
and permanate oxidability at sewage discharge part
spectrometric methods [24]. BOD was determined
of the stream were extremely higher than those of
through incubation of sample at 20 oC temperature
unpolluted part, thus indicating the heavy organic
[24] while permanganate oxidability was performed
pollution.
according to Spicher and Skrinde [25].
A total of 67 algal taxa belonging to BacillariThe normality of data was tested for each paophyta (48) Cyanophyta (13) Chlorophyta (5) and
rameter using the Shapiro-Wilk test. Normally
Euglenophyta (1) were recorded during the study
distributed season data were compared using a one(Table 2).
way analysis of variance (ANOVA), whereas those
non-normally distributed data on water quality


" 
.<6/)'0'2*).+1/)'04534+57/+63,3,'5/2-+7!75+'1
844+54'573,7.+675+'182430087+*=32+*/6).'5-+=32+3,6+:'-+430087+*=32+
'5'1+7+56
!+'6326
:/27+5
645/2-
6811+5
'87812

Water Temperature ( oC)
pH
Dissolved Oxygen (mg/L)
Silica (mg/L)
Sulfate (mg/L)
Nitrite (mg/L)
Nitrate (mg/L)
Ortho-Phosphate (mg/L)
Permanganate oxidability
(mg O2/L)
Biochemical oxygen
demand(mg/L)


6.3
8.01
10.02
1.26
36.4
0.20
0.3
0.29
10.4


7.5
8.31
4.71
1.32
39.5
0.50
1.62
0.77
4.4


9.1
8.08
8.52
1.75
48.0
0.15
1.2
0.17
2.2


11.5
8.52
4.6
1.25
51.9
0.31
2.14
0.93
5.1


15.1
8.24
8.51
1.23
5.0
0.09
1.32
0.32
2.6


19.0
8.74
3.00
1.09
10.0
0.5
4.38
2.01
8.2


4.1
8.30
9.04
1.27
57.6
0.12
1.4
0.83
4.8


8.2
8.90
3.88
1.27
86.4
0.74
4.29
1.83
10.6

2.5

130.8

5.8

346.0

5.4

318.4

3.9

294.2
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+, occurred; -, absent; * high 430087/32730+5'2)+ according to Patrick and Palavage [30]; 6'453(/7<according to van Dam et
al. [31], 1- oligosaprobous, 2-β-mesosaprobous, 3-α-mesosaprobous, 4- α-meso/polysaprobous, 5- polysaprobous; 430087/32
6+26/7/9/7< according to Cemagref [32] 1- very tolerant, 2- tolerant, 3- medium tolerant, 4- sensitive, 5- very sensitive



#) * ##'&) ',',#  )+%,#) * )/# 
&%## ' ,#+ and  #- %* * were taken particular attention with their occurrence only in unpolluted part. On the other hand, the diatoms /$
## *+,# +&$+%, *- ,#)/'+&'
# - ,# +%##  +0*  )+ & 
&*'%  )- + and ,) )## %,*+ occurred both in unpolluted and polluted sites.

It is obvious from the table 2 that species
composition of polluted part was richer compared
to that of unpolluted part of the stream. Most of the
algal species recorded at sewage discharge zone
were diatoms, followed by blue-greens. However,
Chlorophyta and Euglenophyta were represented
with less number of species. Diatom association in
polluted part composed mainly of ) #) , &$
'&%$, - ,# and  +0*  species Among
allblue-green algae * ##+&) sppwere the most
conspicuous whilst %*$,* and #$/&
$&%* were noticable green algae in the polluted
part. %%+  ,$ $ %,+,$ )/* ) $ )&
'# /$## +,$  %/&%$ # # % 
) #)  ', %  )&+&%%* *  % * 
) %*  -,)  &$'&%$ &# -,$
 ')-,#,$  +),%+,$  -%+) &*,$
%+0*  $' &./* - ,#  '# 
) &*  +0*  ** '+ &%+ &# $ %,
+'#'#,$&%+#%&+  
,$ #%&#+,$ *,&*+,)&* ) )- *+) +
+,)&* )## ' %%+ and #%)  ,#% were conspicous foronly occurring in polluted site.
It is worth to mention that algae occurred in
unpolluted part were only diatoms but mostly different species than those recorded in polluted part
(Table 2). Particularly %%+  ,$ $ %,+ ** 
$,$ )+ ,# $ ,, /$## % *, #
-+   &+,* ,*,#, +&$ -,#) * %/&
%$* #* ,$, ) #) &)$ ' ++- 
,#)/%&'# +0* # %) *-)$ ,

!#!!
A total of 67 algal taxa both in polluted and
unpolluted parts of the stream during the study
(Table 2). Most of the algal species recorded at
discharge zone of sewage were diatoms (48 taxa),
followed by blue-greens (13 taxa). However, Chlorophyta (5 taxa) and Euglenophyta (1 taxon) were
represented with less number of species. It is worth
to mention that algae occurred in unpolluted part
were only diatoms but mostly different species than
those recorded in polluted part. These findings are
in harmony with that of Palmer [2] who reported
that kinds and numbers of algae and other organisms in sewage-polluted portion of a stream are
different than those present in the unpolluted portion above the sewer outlet.
It is a well known fact that household sewage
contains many kind of organic materials together
with products formed from their decomposition. In
addition, the phosphates from detergents and small
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amount of other wastes are also present [2]. These
substances support the growth of algae of different
kind. This also held true for the present study since
species composition and individual numbers of
algae present in polluted part were richer compared
to that of the unpolluted part. A total of 53 algal
taxa were recorded in polluted part of the stream
belonging to Bacillariophyta, Chlorophyta, Cyanophyta and Euglenophyta (Table 2). Of all, representatives of the genera /$## ) #) 
&$'&%$ - ,#  +0*  (Bacillariophyta) and * ##+&)  (Cyanophyta) were the
most conspicous atsewage outfall. At species level,
)/* ) $ )&'#  ) &*,  +0* 
 ** '+,  &%+ &#  $ %,+  '# and 
)+ were particularly noticable diatoms with their
high cell numbers and frequency of occurrence. It
may be important to consider that no centric diatom
species were recorded in polluted part throughout
the resarch (Table 2).
- ,# (5 taxa) and  +0*  (9 taxa) were
the two diatom genera richest in species number in
the stream. Majority of the species ()/* )
$ )&'# - ,# ) &*   '#
 +0*   ** '+,  &%+ &#,  # %) * 
$ %,+  '#  '#  ,$&%+) were
found to occur merely in polluted part (Table 2).
Palmer [2] stressed that  +0*  is a genus which,
as a whole, usually considered as a pollution indicator. Particularly  '# was classified by LangeBertalot [33] in the category of most tolerant taxon
according to its tolerance towards increasing pollution. In addition  '# and  ,$&%+ are
already considered as indicators of organic pollution [34, 35] and nutrient enrichment [36-40]. The
present study is in harmony with these findings
since the genus  +0*  was presented with a
considerable number of species and  '# was
one of the most conspicuos diatoms with respect to
occurrence frequency and cell numbers at sewage
outfall in Haringet Stream.
In addition, continous occurrence of  +0* 
 ** '+,  &%+ &#  # %) *  $ %,+ 
'# and  )+ in polluted part of the stream
with noticable cell numbers may denote that these
 +0*  species may also be accepted as good
indicators of organic pollution besides  '# In
fact# %) *'#$ %,+)+and
,$&%+were also recorded in some other running
waters that were heavily polluted with organic pollutants[5, 41-44].All these findings strengthen the
suggestionthat 0* species may be considered
to be good indicators of organic pollution as in the
present study [45, 46].
The diatom genera - ,# and /%) are
included inlist of the best known diatoms to tolerate to organic pollution [2, 47, 48]. This finding is
supported by the present study since- ,#(five
taxa) was one of the richest diatom genera in species composition after  +0*  and ) #) 

(nine and six taxa) in Haringet Stream (Table 2).
However only )/* ) $ )&'# - ,#
 '# and  ) &* were found to occur
merely in the polluted part. - ,#)/'+&'#
and ) &*were also reported to occur in organically polluted streams [5, 41-44].In contrast, it was
interesting to record that /%) was represented
with only one species (  % *) which occurred
only in thepolluted partof Haringet Stream (Table
2). 
All representatives of diatom genus &$'&
%$ (  &# -,$  ')-,#,$  +),%+,$
-%+) &*,$ were conspicous only in the polluted zone (Table 2). Oppositely, most of /$##
species (exclusive of  ,$  were recorded as
inhabitants of unpolluted part of the stream (Table
2). This may support that &$'&%$ spp. were
tolerant to organic pollution whilst /$## spp.
showed weak and/or no tolerance to organic pollution in Haringet Stream in contrast to &$'&%$
spp.At species level *,&*+,)&* ))- *+) +
&$'&%$&# -,$and & &*'% )
- +were permenantly present and abundant in the
polluted part of Haringet Stream. These diatoms
were in the lists of algae recorded in other streams
also heavilypolluted with sewage [5, 41-44]. Thus,
occurrence of these diatoms in heavily polluted
streams may indicate their ability to tolerate to
organic pollution better than other algae. #%) 
,#% (formerly ) #)  ,#%) was another consistent member of polluted part of Haringet Stream
as it occurred insistently. This diatom was also
reported from streams polluted with organic wastes
[5, 41-44].
It may be important to stress that only 15 taxa
were more conspicous with their occurrence only in
unpolluted part of the stream. These are
%%+  ,$ $ %,+ ** $,$, )+ ,# $ ,,
/$## % * #-+  &+,* ,*,# 
+&$ -,#) * %/&%$ * #* ,$, ) #) 
&)$ ' ++- ,#)/%&'#)/# 
&%## ' ,#+  # %) *  -)$ ,#) * #
#'&) ',',#  )+%,#) * and )/# &%##
#- % * Thus, these diatoms may be suggested
as representatives of clean water condition in case
of Haringet Stream. This may also be considered as
good indication of susceptibility of these algal species to pollution. It is also worth to mention that
only diatom species were present in unpolluted part
whilst the members of other algal goups were absent (Table 2). All these findings may show that
preference of algal species to occur either in clean
or polluted water depending on their ability to tolerate to organic pollution were noticable in Haringet
Stream. Palmer [2] also reported that many algal
species tolerate organic enrichment and others do
not have this ability. This finding is also supported
by the study of Sonmez [49].
However the ecologic preference of some algae to occur only in polluted or unpolluted part of
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Haringet Stream was obscure since they were consistently present in both parts. During the present
study, 20 diatom taxa were recorded occurring both
in polluted and unpolluted parts of the stream and
diatom species ( /$##  *+,# +&$ +%, *
- ,#)/'+&'#+%## +0* )+
& &*'%  )- + and ,) )## %,*+)
were observed to be more noticable (Table 2). It
was interesting that some genera (%%+  ,$
and %/&%$) were represented with either one
or two two species. In addition species of each
genus occurred both in unpolluted ($ % + ** $,$
and * #* ,$ and polluted part ($ %,+,$ and
')&*++,$ of the stream (Table 2). This may be
considered as indication of different susceptibility
of members of the same genus to pollution.
In general blue-green algae and coloured flagellates are announced to be predominant in heavily
polluted portion (poly and alpha-mesosaprobic
zones) of a stream [50]. Particularly * ##+&) 
and &)$  ,$ are the best known blue-green
algae to tolerate to organic pollution [2, 47]. In
addition, it was reported that only a few algal species can survive in the poly-saprobic zone which is
heavily polluted with organic effluents and * ##
+&)  and ,#% spp. are well known algae to
have this unique ability [1]. It is worth to mention
that only representatives of the genus * ##+&) 
occurred in Haringet Stream as members of bluegreen algae (Table 2) The genus was represented
with 8 taxa that were all found to occur only in
polluted zone. However * ##+&)  # $&*
#%"+&+) . ),*%*  *%+ and  +%, *
were more noticable with their higher cell numbers
and persistent occurrence than other * ##+&) 
spp. Thus the present study is fully in harmony with
the findings of Whipple et al. [50] and Palmer [2]
who reported that  +%, * and  # $&* were
found to occur commonly and abundantly in organically enriched aquatic habitats. In fact representatives of * ##+&)  in the present study also appeared to be good indicators of organic pollution as
Palmer [2] stated. * ##+&) # $&*and +%, *
were also conspicuous blue-green algae occurring
in organically polluted fresh water ecosystems [5,
41-44, 51] The occurrence of * ##+&)  +%, *
accompanied with diatom species +&$ +%, *
#%)  ,#% &$'&%$ &# -,$ and & 
&*'% )- + in sewage polluted streams in
Turkey were also reported [5, 41-44] These algae
were also found to occur in polluted part of Haringet Stream. This may support their ability to tolerate to organic pollution.
Chlorophyta was represented by only five species all occurring in polluted zone as blue-green
algae (Table 2). #$/&$&%* '&#/'/)%& ,$
and %*$,* (,) *' % were more common
green algae at outfall zone of sewage. The flagellate
green alga #$/&$&%* is common green alga
in fresh waters as they have a large numbers of

species. However scientists generally have not
identified the particular #$/&$&%* species as
good indicative of pollution [2] This also holds true
for Haringet Stream as consideration of #$/&
$&%* '&#/'/)%& ,$ as a representative of organic pollution needed to be supported by further
studies. ,#% *%, % was only the representative of Euglenophyta which drew attention
with its occurrence only in polluted part. This is
partly in harmony with the report that ,#%
species grow well in organically polluted water and
- )  * is likely to be present when organic pollution exists [2]
It is difficult to mention about any certin
growth patterns for most algae in the Haringet
Stream. However algae recorded in the present
study can be categorized as algae sporadic in occurrence and algae persistently present throughout the
study. Low cell numbers of some algae possibly
appeared to be due to pollution which certainly
discourage some algae from growing as a result of
being deprived of sunlight due to turbidity. In addition pollution is known to ecologically modify the
physical and chemical environment to retard or
prevent algal growth. However present study
showed that certain algae (e.g ) #)  &$
'&%$ - ,#  +0*  and * ##+&) 
spp.) may oppositely be stimulated to increased
growth and multiplication in an organically polluted
fresh water habitat.
In conclusion, this study yielded interesting
and useful findings related to spesific occurrence of
certain algae in an organically polluted stream. The
present study partly or fully supported the findings
of many previous studies on pollution algae [2, 50,
51]. It is a well-known fact that many algae can
tolerate to organic pollution whilst others not. Particularly certain diatoms, blue-green algae and some
flagellates are commonly found in ecosystems polluted with organic effluents. Particularly diatoms
have recently been used as indicators of river pollution [51-62] and benthic diatoms are reported to be
better/good indicators of pollution than other algae
[63-65]. All these reports were considerably supported by the findings of Haringet Stream which is
heavily polluted with organic wastes. Particularly
consistent persistent occurrence of certain species
belonging to Bacillariophyta and Cyanophyta only
in organically polluted part of the stream was noticable. However pollution algae need more attention and require more extensive explorations and
documentations in Turkey. In addition the establishment of a pollution algae database with morphotaxonomically described species from polluted sites
should be considered as a future project.
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provement of crop species. With production of nano
fertilizers, these nano compounds rapidly and completely absorbed by plants and fix their nutrients
shortages and growing needs [2]. To reduce the
consumption of excessive fertilizers and frequency
of application nano fertilizers would be a great
solution. Nano fertilizer, in addition, to effectiveness, cost much less than the imported fertilizers
and reducing the harmful effects of chemical fertilizers [2]. However, because these nanomaterials
have small size (average size 20 - 30 nm), they can
easily penetrate into the cell wall pores (1-20 nm).
Xuming et al. [3] by reverse transcription PCR and
northen blotting experiments, reported that Rubisco
small subunits and Rubisco large subunit messenger
RNAs were promoted in the nano-treated plants.
Accordingly, the protein expression of Rubisco
enzyme from the nano-anatase treated spinach was
increased by 40% compared with the control. Since
penetration rates of foliar applied polar solutes were
highly variable and the mechanism was not yet
fully understood. Eichert et al. [4] investigated in
Allium porrum and Vicia faba size exclusion limits
and lateral heterogeneity of the stomatal foliar uptake pathway for aqueous solutes and watersuspended nanoparticles. There are several recent
reports on the nanoparticles influence on growth
enhancements, growth inhibition as well as certain
toxic impacts on plant [5]. However, translocation,
growth responses and stress modulation mechanisms of nanoparticles in the plant systems call for
better and in-depth understanding [5]
This study was conducted to evaluate the effects and benefits of nanoparticles on plants growth,
yield, protein and nano contents of sweet pepper
under greenhouse conditions.

ABSTRACT
In this investigation, zinc oxide (ZnO) and
copper oxide (CuO) nanoparticles (NPs) were synthesized using Punica granatum peel extract in one
step reaction under room conditions, as well as
magnesium hydride (MgHNP) and magnesium
oxide (MgONPs), ZnO NPs were characterized by
Fourier Transforms Infrared Spectroscopy (FT-IR),
X-Ray Diffraction (XRD), Ultra-Violet Visible
Spectroscopy (UV-vis) and Scanning Electron
Microscopy (SEM). The UV-vis absorption spectrum showed an absorption band at 278 nm due to
ZnO nanoparticles. XRD characterized the final
product as highly crystalline ZnO with sizes in the
range of 10-40 nm. The SEM results revealed a
presence of network of randomly oriented ZnO
nano platelets with an average size of 40 nm and
thicknesses of about 8 nm. This study determined
the physiological effect of the synthesized four
nanomaterials in green pepper plants. Residues of
sprayed concentrations of the nanomaterials on
pepper fruits were zero or about zero. Nanomaterials on leaves could be useful due to their conversion to act as fertilizer. Foliar sprayed with
CuONPs, ZnONPs, MgHNPs and MgONPs were
found to increase the chlorophyll content when
XVLQJ D SURSHU FRQFHQWUDWLRQ RQ SHSSHU¶V OHDYHV
compared to control, as well as increasing the
SODQW¶VKHLJKWDQGOHDYHVJURZWK.

KEYWORDS:
CuONPs, MgOHNPs, MgONPs, Pepper, Physiological
aspects, ZnONPs.

INTRODUCTION
MATERIALS AND METHODS
Nanotechnology has the potential to make a
beneficial impact on several agricultural, forestry,
and environmental challenges, such as urbanization,
energy constraints, and sustainable use of resources.
However, new environmental and human health
hazards may emerge from nano-enhanced applications [1]. In addition, nanotechnology can be applied to plant science research in order to analyze
plant genomics and gene function as well as im-

Phytotoxicity of the Nanomaterials on the
Pepper Plants. zinc oxide (ZnO) and copper oxide
(CuO) nanoparticles (NPs) were synthesized using
Punica granatum peel extract in one step reaction
under room conditions, as well as MgHNPs and
MgONPs, ZnO NPs were characterized by Fourier
Transforms Infrared Spectroscopy (FT-IR), X-Ray
Diffraction (XRD), Ultra-Violet Visible Spectros-
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izer sprayer. The concentrations for the different
nano materials were chosen according to their effectiveness against the green peach aphid There
were three replicates of sweet pepper plants (three
plants) for each concentration in a completely randomized design (CRD). After one week of transplanting of plants to the pots, the following parameters were measured. Relative chlorophyll content
(or leaf greenness) was measured by handheld chlorophyll meter (SPAD; CCM-200PT, Opti-Sciences,
USA).
Chlorophyll content index (SPAD) was determined on three fully mature leaves before treatments and at 1, 2 and 3 weeks after the treatment
with various concentrations of different nanoparticles similar to work of Lavicoli et al. [1]. Therefore,
three readings per plant were taken on the leaf
blade selected from the middle of the shoot. The
chlorophyll content meter was determined and the
relative amount of chlorophyll content presented by
measuring the absorbance of the leaf in two wavelength regions, the blue 400±500 nm, and the red
region 600-700 nm, were recorded. Plant height
(cm) was also recorded from the growing media
level to the top of apical bud by using 50 cm ruler
for all plants. Flowers and leaves numbers for all
plants were counted. The number of fruit setting
was also counted for all plants after 4 weeks from
planting days. Collected data were subjected to one
way analysis of variance using SAS program, 2014.

copy (UV-vis) and Scanning Electron Microscopy
(SEM). The UV-vis absorption spectrum showed an
absorption band at 278 nm due to ZnO nanoparticles. XRD characterized the final product as highly
crystalline ZnO with sizes in the range of 10-40 nm.
However, to measure the phytotoxicity of the nanomaterials on sweet pepper, transplants (cv. Sonar)
were planted in pots filled with peat moss in wooden cages covered with white muslin and placed
under glasshouse conditions (30±5ºC) in May,
2017. There were four treatments (nanommaterials). The nanomaterials were MgONPs, MgOHNPs,
ZnONPs and CuONPs. Concentrations of the different nanomaterials were separately tested on the
pepper plants. The phytotoxicity scale for the nanomaterials on pepper, from 0-10 was established.
Control (only water) treatment was used with five
replicates.
Nanomaterial Residues on the Pepper
Plants. Different concentrations of the nanomaterials were sprayed (CuONPs, ZnONPs, MgHNPs and
MgONPs nanoparticles) at the maximum dose
which killed about 100% of the GPA (late nymphal
instar) on the pepper plants with five replicates.
Control (deionized distilled water) treatment was
also used, with five replicates. Samples for the
treated fruits (5 gm) and leaves (5 g) were taken
separately after 14 days of the treated for residue
analysis. The leaves and fruits of green pepper
samples were dried in an oven at 60ºC for 2h. The
concentrations of metal nanoparticles were determined using scanning electron microscopy (SEM)
equipped with energy dispersive X- ray spectroscopy (EDS). The experimental work was carried out
at the University of Jordan and the Royal Scientific
Society. The nanoparticles residues analysis was
conducted at the Jordan University of Science and
Technology at nanotechnology center.

RESULTS AND DISCUSSION
The effect of synthesized nanoparticles on
green pepper leaves and fruits in greenhouse was
evaluated.400-600ppm MgONPs and ZnONPs
recorded significant increases of nanoparticles
absorption compared with control plants, as shown
by the analysis of leaves and fruits by EDS spectroscopy(Figures 1 and 2).Greener leaves of green
pepper were observed in the plants treated with
400-600 ppm of MgONPs and ZnONPs. These
observations are a result of interaction of MgONPs
and ZnONPs absorbed by leaves and the organic
compounds of green pepper tissues forming organic-Mg and organic-Zn compounds, which help in
building the chlorophyll and nitrogen content of the
leaves. The observations on phytotoxicity on leaves
and fruits caused by the nanoparticles, showed
nothing to report. However, there were no phytotoxicity caused by all applied treatments compared
with the control (only water ) which had five replicates .However, Figure (1) showed that MgONPs,
ZnONPs, CuONPs as concentration of nanoparticles increased significantly in leaves. Traces of
nanoparticles studied were detected in fruits (>
2ppm). Ghidan et al. [6] reported green synthesis of
copper oxide nanoparticles using Punica granatum
peels extract. Moreover, Figure (2) indicated that

Physiological Effect of Nanomaterials On
Pepper Plants. To measure the effect of nanomaterials on plant growth, leaf greenness, leaf
numbers, flower bud formation and fruit setting of
pepper plants, seedlings of sweet pepper plants
were planted in pots filled with peat moss kept in a
wooden cages (5x1x1m in dimensions) covered
with white muslin under glasshouse conditions
(30±5ºC) in May, 2017. Different concentrations of
four nanomaterials were applied to seedlings. The
nanomaterials were MgONPs, MgOHNPs, ZnONPs
and CuONPs. In case of MgONPs and MgOHNPs,
they were sprayed at the maximum dose which
killed about 100% of late nymphal instar of green
peach aphid (GPA). The applied concentrations
were 1000, 2000, 4000 and 8000 μg/ml for nanomaterials of MgONP and MgOHNPs. The concentrations were 100, 200, 400 and 800 ppm for
ZnONPs nanoparticles and 1000 and 2000 μg/ml
for the nanoparticles of CuONPs using glass atom-
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residues of sprayed concentrations of the nanomaterials on pepper fruits were zero or about zero,
except in the highest applied concentration (600
ppm). This concentration which had residues 75
times more than the highest concentration which
killed 100% of the early nymphal instar of the GPA
after 72 hrs of the treatment. Bearing in mind that
all these nanomaterials are contact in action which
easily can be removed by washing by water tap, in
case of having few residues on the fruit by the misuse of the farmer application [7, 8, 9, 10, 11]. Finding residues of these nanomaterials on leaves could
be useful due to their conversion to act as fertilizer.

Moreover, using these nano-materiales considered
to be cheaper as well as safer for the environment
than using toxic chemicals. Awwad et al. [12] reported the green synthesis, characterization and
optical properties of zinc oxide nanosheets using
Olea europea leaf extract. In addition, these used
nanomaterials might penetrate or absorbed by the
plant epidermis which facilitate the use of them as
leaf (foliage) fertilizer, due to having very small
particles. Nano fertilizer, in addition, to their effectiveness, cost much less than the classical fertilizers
and reducing the harmful effects of chemical fertilizers [2].

 FIGURE 1
Means of concentrations (ppm) of nanoparticles content in leaves and fruits of pepper.

 FIGURE 2
EDS analysis of leaves of green pepper
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TABLE 1
Effect of foliar zinc oxide nano-particles (ZnONPs) on chlorophyll content of sweet pepper leaves within
14 days under greenhouse conditions.
SPAD (chlorophyll content) after (in days) ± SE
Concentration
(ppm)
0
7
14
0
34.3 a ± 3.5
52.4 c ± 3.5
56.6 bc ± 3.5
100
31.3 a± 3.5
57.1 bc ± 3.5
54.7 c ± 3.5
a
a
200
35.0 ± 3.5
75.2 ± 3.5
72.8 a ± 3.5
400
32.4 a ± 3.5
62.2 b± 3.5
75.4a± 3.5
a
c
800
31.0 ± 3.5
48.4 ± 3.5
48.5 cd ± 3.5
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher Protected LSD test.

TABLE 2
Effect of foliar of copper oxide nanoparticles on chlorophyll content of sweet pepper leave after 14 days
under greenhouse conditions
SPAD (chlorophyll content) after (in days) ± SE
0
7
14
Mean±SE
Control
32.5a±2.3
40.5c±2.3
47.3c±2.3
40.1c±2.3
a
b
b
1000
34.9 ±2.3
47.8 ±2.3
56.3 ±2.3
46.1b±2.3
2000
36.4a±2.3
63.2a±2.3
73.2a±2.3
57.6a±2.3
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher Protected LSD test.
Concentration μg/ml

TABLE 3
Effect of foliar of magnesium hydroxide nanoparticles on chlorophyll content of sweet pepper leaves after
14 days under greenhouse conditions.
SPAD (chlorophyll content) after (in days) ± SE
Concentration
μg/ml
0
7
14
a
a
. a
0
33.3 ± 4.1
48.0 ± 4.1
48 0 ± 4.1
1000
47.7a± 4.1
35.8bc ± 4.1
35.8c ± 4.1
2000
58.3 a± 4.1
24.0c ± 4.1
34.0c ± 4.1
a
b
4000
59.2 ± 4.1
37.0 ± 4.1
37.0b± 4.1
a
a
8000
50.3 ± 4.1
45.7 ± 4.1
45.7b ± 4.1
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher Protected LSD test.

TABLE 4
Effect of foliar of magnesium oxide nanoparticles on chlorophyll content of sweet pepper leaves after 14
days under greenhouse conditions.
SPAD (chlorophyll content) after (in days)±SE
Concentration
μg/ml
0
7
14
0
27.2 a ± 3.2
43.9c ± 3.2
50.6bc ± 3.2
1000
27.2a± 3.2
37.6bc ± 3.2
58.5c ± 3.2
69.2a ± 3.2
64.5a ± 3.2
2000
27.5 a± 3.2
4000
29.8a ± 3.2
66.8 b± 3.2
66.76a± 3.2
a
c
8000
33.7 ±3.2
58.5 ± 3.2
58.8cd ± 3.2
Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher Protected LSD test.

es in chlorophyll content as compared to control.
Further increase in ZnONPs concentration above
400 ppm had resulted in decrease in chlorophyll
content similar to that of the control one. Moreover,
the effects of ZnoNPs on leaf chlorophyll and therefore, leaf greenness was observed at 7 and 14 days
after the application. This observation was a result
of interaction of ZnONPs absorbed by leaves with
organic compounds of pepper tissues forming organic zinc compounds, which helped in building the
chlorophyll content of the leaves as measured by
SPAD. Zinc has an important function in the synthesis of Auxin like indoleacetic acid (IAA) from
tryptophan as well as in biochemical reactions re-

The effect of foliar spray of ZnONPs on
leaves of pepper is shown in Table (1). The plant
height increased with increasing of ZnONPs up to
400 ppm, and then decreased at concentrations
higher than 600 ppm. This indicated that the organic materials in plant tissues had needed proper
quantity of ZnONPs to form organic zinc compounds. Moreover, Zn is an essential micronutrient
that plays a major rule in enzymatic activity and
helps the plant to grow healthy.
Data in Table (1) shows the effects of foliar
treatment with ZnONPs on chlorophyll content.
The results illustrated that plants treated with 200
and 400 ppm ZnONPs recorded significant increas-
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Data in Table (4) shows the effects of foliar
treatment with MgONPs on chlorophyll content of
pepper leaves. The results illustrated that pepper
plant sprayed with 2000 μg/ml MgONPs gave
higher chlorophyll contents.
Figure (3) shows that the ZnOPNs at 200 and
400 ppm significantly increased the shoot length as
well as MgONPs. While the number of leaves of
MgONPs and MgOHNPs (Figure 4) and flowers
per plants increased significantly in case of
MgONPs (Figure 5) and the fruit number in case of
CuONPs (Figure 6). There are several recent reports on the nanomaterials influence on growth
enhancements, growth inhibition as well as certain
toxic impacts on plant growth [5].

quired for formation of chlorophyll and carbohydrates [5]. Data in Table (2) shows the effects of
foliar treatment with CuONPs on chlorophyll content of pepper leaves. The results illustrated that
pepper plant treated with 2000 ppm CuONP given
the higher chlorophyll content especially after two
weeks of the treatment which showed the highest
level compared with all other treatments.
According to the ANOVA of chlorophyll content (Tables 3 and 4), the MgONPs and MgHNPs
treatment interactions were significant. The highest
chlorophyll content was recorded at 8000 and 4000
μg/ml of MgOHNPs. Chlorophyll content was at
lowest level at 1000 μg/ml and 2000 μg/ml.

FIGURE 3
 Effect of different nanomaterials on shoot of green sweet pepper.

FIGURE 4
 Effect of different nanomaterials on leaves number of green sweet pepper.

FIGURE 5
 Effect of different nanomaterials on flowers number of green sweet pepper.
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FIGURE 6
 Effect of different nanomaterials on fruits number of green sweet pepper.

[2] Pozveh, Z.T., Roya, R. and Fatemeh, R. (2014)
Changes occurring in canola (Brassica napus
L.) in response silver nanoparticles treatment
under in vitro conditions. Indian Journal of
Fundamental and Applied Life Sciences. 4,
797-807.
[3] Xuming, W., Fengqing, G., Linglan, M., Jie,
L., Sitao, Y., Ping, Y. and Fashui, H. (2008)
Effects of nano-anatase on Ribulose-1, 5Bisphophate carboxylase/oxygenase mRNA
expression in Spinach. Biological Trace Element Research. 126, 280-289.
[4] Eichert, T., Kurtz, A., Steiner, U. and Goldbach, H.E. (2008) Size exclusion limits and
lateral heterogeneity of the stomatal foliar uptake pathway for aqueous solutes and water
suspended nanoparticles. Physiologia Plantarum. 134, 151-160.
[5] Sandeep, K.V., Ashok, K.D., Manoj, K.P. and
Saikat, G. (2018) Engineered nanomaterials for
plant growth and development: A perspective
analysis. Science of The Total Environment.
630(C),1413-1435 ·
[6] Ghidan, A.Y., Al-Antary, T.M., and Awwad,
A.M. (2016) Green synthesis of copper oxide
nanoparticles using Punica granatum peels extract: Effect on green peach Aphid. Environmental Nanotechnology, Monitoring and Management. 6, 95-98.
[7] Al-Antary, T.M. (1996) Pesticides and toxicology. Amman, Jordan: Al-Quds Al-Maftouha
University Publications.
[8] Alawi, M.A., Al Antary, T.M., Hussein, E.,
and Al-Oqlah, K. (2012) Comparison study for
pesticides residues in agricultural crops in Jordan for studies between 1993 and 2008. Fresen.
Environ. Bull. 21, 927-934.
[9] Al-Antary, T.M., Alawi, M.A., Estityah, H.
and Al-Oqlah, K. (2013) Comparative study of
chlorinated pesticides in human breast milk
from Jordan between 2004 and 2008. Fresen.
Environ. Bull. 22, 1388±1393.



CONCLUSIONS
In recent years remarkable progress has been
made in developing nanotechnology as showed by
different NPs. Moreover the growth of nanotechnology has led to the rapid development of commercial application which involves the use of a
great variety of manufactured NPs. The use of these
nano sized materials may result in the discharge of
these materials into the environment. Residues of
sprayed concentrations of the nanomaterials on
pepper fruits were zero or about zero. Nanomaterials on leaves could be useful due to their conversion to act as fertilizer. Nanomaterials might penetrate or absorbed by the plant epidermis which
facilitate the use of it as leaf (foliage) fertilizer, due
to having very small particles.
The foliar spraying of pepper leaves with
ZnONPs proved to be beneficial to plant growth.
Foliar sprayed with zinc oxide nanoparticles at 400
ppm (400mg/L) produced healthy and high quality
pepper fruits compared to control. Foliar sprayed
with CuONPs, ZnONPs, MgHNPs and MgONPs
were found to increase the chlorophyll content
ZKHQ XVLQJ D SURSHU FRQFHQWUDWLRQ RQ SHSSHU¶V
leaves compared to control, as well as increasing
WKHSODQW¶VKHLJKWDQG leaves growth.
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cultivation practices in China, the Middle East,
Greece, Ukraine and the northern and eastern parts
of Africa. The species’ name "    "
means "Greek hay", indicating historically its usage
as a forage in certain countries [1]. It is a remarkable member of leguminous that is grown as seeds,
leafy vegetables, and fodder purposes. Moreover,
fenugreek is considered to have medicinal values
and several pharmacological properties. It can provide important advantages being used as an annual
legume for crop rotation strategy in semiarid regions for natural replenishment of soil, for using
hay and silage as potential protein source with high
nutritive value, utilizing as whole seed, and for the
fixation of atmospheric nitrogen [2,3,4,5]. Furthermore, its seeds have been used for spice production
and as herbal medication purposes in India, Middle
Eastern countries, Egypt and recently in many European countries [6,7]. Because of its medical values such as alkaloids, steroid compounds, and sapogenins, it has been used in several traditional medicine practices [8]. For instance, fenugreek is used
to ease childbirth, help digestion problems, and
improve metabolism as a general tonic. Moreover,
trigonelline, which is considered as one of the main
metabolites in this plant, is effectively used for
diabetes and lowering the blood cholesterol level.
Although the seeds of fenugreek are solid and
very hard to grind, both powders made from seeds
and the leaves are used to prepare extracts for medical practices [9]. In addition, the seed extract of
fenugreek is used in butterscotch, imitation vanilla,
rum flavoring and as an additive in surrogate of the
maple syrup. As a member of the Leguminosae
family, fenugreek has a rich content of vitamins,
minerals, and protein. In Turkey, however, fenugreek is extensively cultivated to produce spice.
The sowing area of fenugreek in Turkey is about
144,990 ha, with 1,521 tons of production and
1,050 kg ha-1 yield [10]. It is extensively consumed
as a spice and as a preservative for a highly seasoned, air-dried cured beef (pastirma) and a garlicflavored product for pastirma (called cemen). Cemen is a type of paste, which is composed of mixing of grined fenugreek seeds, garlic and chili pepper, and water. The chunk of pastirma is covered
with cemen paste for flavoring purposes, and to
shelter the meat from drying by isolating it from air

The current research was performed in order
to define the effects of four different sowing rates
(ranged from 10 to 40 kg ha-1 with 10 kg ha-1 increments) on yield and yield components of two
fenugreek genotypes (Eskisehir and Ankara) at
Bitlis ecological conditions in 2009-2010 growing
seasons. A completely randomized design with
three replications was conducted for this study.
Differences between sowing rates were significantly associated with oil content, the number of seeds
per pod, number of branches per plant, number of
pods per plant and seed yield per plant. Higher
sowing rates (30 and 40 kg ha-1) reduced the rate of
oil content, number of branches per plant, number
of seeds per pod, number of pods per plant, and
seed yield per plant. Differences in sowing rates
had no effect on a thousand seeds’ weight, plant
height, protein content, the number of seeds per pod
and the pod length. The highest seed yield (1.28 g
plant-1) was recorded from 10 kg ha-1. The seed
yield per plant revealed the highest association with
number of seeds per pod and number of branches,
indicating that the selection performed on these
traits would be effective to increase the seed yield
Results showed that, on average, fenugreek seeds
contain 6.08%-7.32% oil. After analyzed by GCMS, the seed oil content of two fenugreek genotypes were as follows: oleic acid (15.72–16.02%),
linoleic acids (39.72–40.85%), linolenic acid
(25.01–26.05%), stearic acid (4.42–4.51%) and
palmitic acid (10.98–12.56%). Fenugreek genotypes showed high quantities of linolenic acid
which placed it into the drying oil category.


%$ !
Fatty acids,       , correlation,
yield characters

" #"
Fenugreek is an annual crop of the Leguminosae family. Even though the fenugreek plant is
native to a broad region spreading from Northern
India to Iran, nowadays it is now extensively under
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factor combinations (genotypes and sowing rates).
The crop was sown in lines 20 cm apart at four
different sowing rates (10, 20, 30, 40 kg ha-1) for
both genotypes. A basal dose of 45 kg N ha-1 was
given to all the treatments through Ammonium
sulfate (21 %). Seeds were sown by hand to the
lines in plots. At the sowing time, triple superphosphate (TSP) fertilizer was given to the plots as 70
kg ha-1. The full dose of phosphorus in file form of
single superphosphate was drilled before sowing as
per treatments. Plot sizes of the experiment were 1
x 4= 4 m2.

&8&300*(8.32Two genotypes of fenugreek
were used (Table 1) at Celebibag (Tatvan-Bitlis)
Agricultural Research area to conduct this study for
assessing the yield and yield components by using a
completely randomized design. The experiment was
laid out with three replications. Plot area was 4 m2
with one-meter length and five rows were spaced at
20 cm apart. In each plot, the middle rows were
used to select the sample plants for taking the necessary observations. Hence, ten plants were selected
randomly and then were used for the measurement
of the variables taken up in the harvest. Weeds in
the experimental area were inspected routinely
during the growth period and controlled by hand
when needed. Harvesting of plants was performed
manually by pulling out the dry plants and then and
removing soil and roots.
Plant height, the number of branches, number
of pods per plant, pod length, the first pod height,
the number of seeds per pod, thousand-seed weight,
dry matter, protein and oil content, and seed yield
per plant were determined at the end of July. Seeds
from 10 harvested plants were measured and then
average weight (gr) per plant for each replication
was calculated. After the harvest, stones, chips, dirt
and other extraneous grain were carefully removed
from the seed. To find the thousand seeds’ weight,
seeds were counted randomly in triplicate and then
the weight was measured.

2&0=7.7 3+   7**) 3.07
After seeds were powdered, the oil was extracted
using light petroleum ether (40-60oC) in a Soxhlet
apparatus for about 24 h. Then the rotary vacuum
evaporator was used to remove the solvent (Buchi
Labortechnik AG, Postfach, Switzerland). The oil
content (%) was computed thereafter.

*8*61.2&8.32 3+(69)* 4638*.27Technicon
Industrial nitrogen determination procedure
146/71A was used to determine the total nitrogen
content from one g grounded seed sample and 6.25
was used as the conversion factor to obtain the
crude protein content [17].




to prevent it from spoiling [11].
As in other legumes, fenugreek is desirable as
a daily dietary protein (ranging from 20 to 30%) for
intake by animals and humans. In addition, its fatty
oils content (ranging from 5 to 10%) predominantly
has linoleic, linolenic, oleic and palmitic acids
which is a favorable side of fenugreek in human
and animal consumption. Moreover, Schryver [12]
reported that fenugreek has about 45-65% total
carbohydrates with approximately 15% soluble
fiber (galactomannan). Widely ranging protein and
fatty acids and carbohydrates content is due to genotype differences of fenugreek. Additionally, the
genotype diversity of fenugreek is due to the differences in growth habit, morphology, seed production
and biomass capability as well [13, 14, 15, 16].
Improving the quantity and quality of fenugreek through the appropriate management of cultivation and biotechnology practices could make a
considerable contribution to the farm and pharmaceutical industry incomes. For instance, plant density on the rows and cultivar differences affect the
yield, which is significantly controlled by the seeds
yielded per plant. Although many factors are needed to be considered to determine the appropriate
space on a row as well as within the rows, primarily
the soil texture and profile, sowing depth, moisture
availability, weather temperature and the cultivars
of fenugreek are significant determinants [1].
This study aimed to identify the appropriate
sowing rates and fenugreek genotypes for seed
yield and yield components, and some quality characters of fenugreek plants in eastern Turkey. To
achieve these aims in regard to sustainable production, two genotypes and four sowing rates were
considered. Hence, the current study was undertaken to gauge the influence of sowing rates and two
genotypes of fenugreek of plant growth characters,
seed yield, and quality of     
 .
" !"!

.*0) &2) <4*6.1*28&0 (32).8.327 In
Eskisehir and Ankara, (G1 and G2 respectively) the
genotypes were used as seed material. The experiment was conducted at the experiment station in
Celebibag (Tatvan-Bitlis) Agricultural Research
area during the summer season. Sowing date was
12th April. The soil of the experimental field was
sandy loam and the phosphorus content (73.30 kg
ha-1) was low. Experimental soil was neutral in
reaction (pH 7.3) and was low in organic matter
(0.92 %) and total lime (0.88 %) content. The
treatments comprised of two different genotypes of
fenugreek (Eskisehir and Ankara) and four level of
sowing rates (from 10 to 40 kg ha-1 with 10 ha-1
incremental). A completely randomized design was
conducted. Three replications were laid out for
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kg ha-1), an orthogonal polynomial contrasts technique was used to determine the trends in the response variables. Therefore, three independent
contrast sets (linear, quadratic and cubic) were used
to partition the sum of squared sowing rates. SAS
[18] was used for all data analyses and R was used
to create corrogram and scatter plots.

&88= &(.)7 &2&0=7.7 ;.8- ,&7 (-631383,
6&4-=1&77 74*(863186= ! GC–MS
analysis of fatty acids based on derivatization as
methyl esters was performed on a GC/MS-QP 2010
Plus Shimadzu, Japan. The GC conditions were as
follows: column: TR-CN100 capillary column
(60m x 0.25 mm i.d., 0.20µm film thickness); oven
temperature program: the column held initially at
120oC for 5 min after injection, then increased to
240oC with 2oC/min. Then the final temperature
was increased to 240oC and was kept there for 15
minutes; injector temperature: 240oC; carrier gas:
helium, linear gas velocity: 41.5 cm/s; column
flow: 1.22 ml/min; split ratio: 1:5; MS conditions
were regulated as follows; ionization energy: 70
eV, ion source temperature: 220oC; interface temperature: 240oC; mass range: 40–600 atomic mass
units. A sample of 0.1μl was used for the GC-MS
analysis. Identification of the components was
assigned by comparison to their retention times and
mass spectra with corresponding data from reference compounds and by comparison of their mass
spectra with Wiley and Nist libraries.

&8& &2&0=7.7 PROC GLM in SAS [18] was
conducted to examine the effect of sowing rates and
genotypes for all traits. One-way analysis of variance (completely randomized design) was considered for the ANOVA results. Significance level
between treatments was considered to be p<0.05.
As this study was also designed to evaluate four
quantitative levels of sowing rates (from 10 to 40



!#"!!#!!
The correlation structure and significance level of association of 11 traits studied are illustrated
in Figure 1. It is noticed that the highest positive
correlation (r=0.86** and p<0.01) was between seed
yield and number of the pods. On the other hand,
the highest negative association was obtained between first pod height and the number of pods (r=0.68** and p<0.01). Seed yield per plant showed
highly significant and positive correlation with the
number of branches (r=0.74**, p<0.01), number of
seed per pod (r=0.73**, p<0.01), oil content
(r=0.46*, p<0.05). First pod height had a positive
and significant correlation with plant height
(r=0.54**, p<0.01) while it had a negative and
significant correlation with the number of branches
(r=-0.50*, p<0.05). Moreover, oil content showed
positive correlation with number of branches
(r=0.47*, p<0.05), protein content showed positive
correlation with plant height (r=0.65**, p<0.01).


# 
366*0&8.32(3*++.(.*2873+8-**0*:*286&.873+*29,6**/,*238=4*7
The absolute, |r|, 0.40-0.51 is significant at 0.05 (*), absolute r, |r| between 0.51-1.00 is significant at 0.01(**). PIH=Plant
height in cm, NB=Number of branches PL= Pod length in cm, NSP= Number of seed per pod, TSW=Thousand seeds
weight(g) NP= Number of pods per plant, FPH= First pod height (cm), SYP=Seed yield per plant (g), PC= Protein content
(%), OC= Oil content (%), DM= Dry matter (%)
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*&273+731*=.*0)(31432*287&++*(8*)'=).++*6*2873;.2,6&8*7.28;3).++*6*28,*238=4*7
 7/.7*-.6 2/&6&
Plant height (cm)
Sowing rate
(kg ha-1)
S1
S2
S3
S4
Means
Sowing rate
(kg ha-1)
S1
S2
S3
S4
Means
Sowing rate
(kg ha-1)
S1
S2
S3
S4
Means

G1
G2
34.73a
32.61a
39.10a
33.43a
40.06a
37.64a
34.79a
34.44a
37.17a
34.53a
Number of pods
(pods plant-1)

Means
33.67a
36.27a
38.85a
34.62a

G1
G2
21.53a
22.54a
17.90ba
21.11ba
15.03b
21.10ba
13.49b
14.20b
16.99b
19.74a
Seed yield per plant
(g plant-1)

Means
22.04a
19.50a
18.07a
13.85b

G1
G2
1.41a
1.15a
1.04b
1.03ba
1.02b
0.91ba
0.82b
0.65b
1.07a
0.93b
Dry Matter (%)

Means
1.28a
1.04b
0.96b
0.73c

G1
92.58a
92.50a
92.83a
92.66a
92.64a

Means
92.50b
92.55ba
92.69a
92.53ba

(kg ha-1)
S1
S2
S3
S4
Means

G2
92.41b
92.60a
92.56a
92.39b
92.49b

Number of braches
(branch plant-1)
Genotypes
G1
G2
Means
3.00a
3.17a
3.08a
2.97a
2.60ba
2.78ba
2.60b
2.70ba
2.65bc
2.30b
2.53b
2.42c
2.72a
2.75a
Number of seeds in pod
(seeds pod-1)
Genotypes
G1
G2
Means
6.17a
5.83a
6.00a
5.85a
5.58a
5.72a
5.42a
5.70a
5.56a
5.27a
5.53a
5.40a
5.68a
5.66a
Protein content (%)
Genotypes
G1
G2
21.77a
21.29a
22.05a
23.25a
23.14a
20.52a
22.35a
21.55a
22.33a
21.65a
Thousand-seed weight (g)
Genotypes
G1
G2
22.73a
21.13a
21.87a
22.10a
22.47a
22.97a
23.67a
22.23a
22.68a
22.11a

Means
21.53a
22.65a
21.83a
21.95a

Pod length (cm)

G1
G2
9.39a
8.33a
9.03a
8.70a
8.95a
9.32a
9.39a
8.85a
9.19a
8.80a
First pod height(cm)

Means
8.86a
8.87a
9.14a
9.12a

G1
G2
7.73a
6.86a
9.22a
8.22a
9.17a
8.29a
9.34a
8.88a
8.86a
8.06a
Oil content (%)

Means
7.30b
8.72ba
8.73ba
9.11a

G1
6.95a
6.47ba
7.10a
6.08b
6.65a

Means
7.13a
6.61bc
7.00ba
6.30c

G2
7.32a
6.75a
6.88a
6.51a
6.86a

Means
21.93a
21.98a
22.72a
22.95a

(1)
Different letters represent significant differences of main values using Tukey's multiple range test on SAS General Linear
Model procedure at P ≤ 0.05.

Data pertaining to various traits in this study
were used to evaluate the significance levels of
sowing rates and genotypes. Results revealed that
different sowing rate and two different genotypes of
       L. had a significant
effect on certain traits of plant growth, yield and
quality traits of fenugreek (Table 1 and Figure 2).
Results showed that the lower sowing rate (10
kg ha-1) produced the highest seed yield per plant
(1.28 g), number of branches per plant (3.08), number of pods per plant (22.04) and oil content
(7.13%). On the other hand, highest sowing rate (40
kg ha-1) resulted in the average of highest first pod
height with 9.11cm. Significant difference between
genotypes (G1: Eskisehir, G2: Ankara) was also
noticed for some traits. The highest average number
of pods per plant 19.74 was recorded for G2. On the
other hand, seed yield per plant (1.07 g) and dry
matter accumulation percentage (92.64 %) obtained
for G1 were significantly higher those of G2 (Table
1). Moreover, these studies showed that the plant
height increased and the number of branches per
plant decreased for the higher sowing rates.
The mean difference between sowing rates for

thousand seed weights were noticed to be insignificant in two genotypes (Table 1). However, the
mean differences among sowing rates and genotypes had not revealed a significant association with
protein content, indicating less variability in this
trait with respect to different sowing rates and
genotypes (Table 1).
The average for fatty oil content was significantly affected by the difference in sowing rates but
not differences between genotypes (Table 1 and
Figure 1). The highest average fatty oil rate (7.13%)
was obtained from 10 kg ha-1, while the lowest was
obtained from (6.30%) from 40 kg ha-1.
The average dry matter accumulation percentage, however, showed differences with respect to
sowing rates and genotypes (Table 1). The average
highest and lowest dry matter (seed) were obtained
from 30 kg ha-1and 10 kg ha-1 sowing rates with
92.69% and 92.50%, respectively.
The composition of the fatty acid methyl esters from the two-fenugreek genotypes seeds are
shown in Table 2. The composition and retention
time of concentrations of the various fatty acids
seem very similar for both genotypes (G1: Eskise-
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hir, G2: Ankara). In both extracts, linoleic and
linolenic acids were noticed to be dominant components (about 60%), followed by palmitic and
stearic acids (over 15% together).
After observing the results of different sowing
rates and genotypes, certain conclusions from this
study can be drawn by taking into account the correlation structure revealed among the yield and
quality characters. As given in Figure 1, the level of
association among traits that quantified by bivariate
correlation analyses ranged from -0.56 to 0.86. In
general, these results are in agreement with the
results of those reported by Jain et al. [19]. These
results suggest that the importance of focusing on
the number of pods per plant and number of seeds
per pod while selecting for seed yield per plant.
Kole and Saha [5] reported that the thousand
seed weight had highly significant (p<0.01) positive
correlation with pod length. A study by Soori and
Mohammadi-Nejad [20] also reported positive and
highly significant correlations of seed yield per
plant with seeds per pod, plant height and the number of pods per plant. These studies also reported
the significant positive correlation of seed yield
with the number of branches per plant. These phenotypic correlations indicate that the number of

pods per plant, number of seeds per pod, plant
height and number of branches per plant play an
important role for the selection practices of high
yielding genotypes that exhibited direct and positive effect on seed yield per plant. These findings
are in accordance with the reports of Sharma et al.
[21], Jain et al. [19], Fikreselassie et al. [22].
As indicated in Table 1, the number of
branches and the number of pods responded linearly to sowing rates. Therefore, an increase in sowing
rate decreased the number of branches and the
number of pods due to the intraplant competition
that occurred. These results were evident for the
both genotypes in this study. Although the exact
same pattern was not evident for oil content in this
study as observed for the number of branches and
number of pods, the highest oil content and the
lowest oil content were obtained from 10 and 40 kg
ha-1, respectively. On the contrary, the results observed for oil content, the highest and lowest means
for dry matter were achieved from the 40 and 10 kg
ha-1, respectively (Table 1 and Figure 2). A study
conducted by Kizil et al. [23] reported the results
that are in agreement with the results achieved from
the current study.

#  
"-*6*790873+ 86&.87+631).++*6*2873;.2,6&8*7&2),*238=4*7+36=.*0)&2)59&0.8=(-&6&(8*673+
+*29,6**/(31'.2*))&8&3+8;3,*238=4*7&2)+39673;.2,6&8*7



PIH=Plant height in cm, NB=Number of braches PL= Pod length in cm, NSP= Number of seed per pod, TSW=Thousand seeds weight(g)
NP= Number of pods per plant, FPH= First pod height (cm), SYP=Seed yield per plant (g), PC= Protein content (%), OC= Oil content (%),
DM= Dry matter (%)
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*6(*28&,*3++&88=&(.)7&2&0=>*)'=?!&2)8-*.66*8*28.328.1*7 8
3

314392)

81.2

1
2
3
4
5
6

Myristic acid methyl ester
18.721
Pentadecanoic acid methyl 
23.167
Palmitic acid methyl ester
27.862
Erucic acid methyl ester
33.028
Stearic acid methyl ester
36.793
Oleic acid, methyl ester
37.525
Octadecenoic acid, methyl ester
37.724
7
Linoleic acid methyl ester
39.646
8
Linolenic acid methyl ester
42.248
Palmitoleic acid, methyl ester
45.749
10
Arachidic acid methyl ester
49.098
11
Behenic acid methyl ester
53.018
Lignoceric acid methyl 
12
56.788
""
*Retention time from      chromatogram

Orthogonal polynomial results illustrated that
there was a linear increase in plant height with
increasing sowing rates from 10 to 30 kg ha-1, but
application of 40 kg ha-1 showed a decline in plant
height compared with 30 kg ha-1 which was higher
than means of 10 and 20 kg ha-1. This is due to the
excessive vegetative growth in fenugreek plants due
to the disparity in plant density propagated from
higher rate of seedling per unit. In this study, the
plant height ranged from 33.67 to 38.85 cm (S1
33.67; S2 36.27; S3 38.85; S4 34.62 cm). The highest plant height (38.85 cm) was reported by practicing 30 kg ha−1 and the lowest plant height (33.67
cm) was reported from the lowest sowing rate (10
kg ha-1) (Table 1). These results clearly indicate the
importance of sowing rates on vegetative growth of
fenugreek plants. Application of 30 kg ha-1 resulted
in maximum plant height (cm) due to the proper
vegetative growth that happened during vegetative
period. After orthogonal polynomial analyses done
on the effect of sowing rates, similar conclusions
have been reached for the first pod length but conversely, results were investigated for the number of
branches, number of pods, number of seeds per
pod, and seed yield per plant. The response of the
seed yield per plant to sowing rate was very clear
and yield of seed per plant decreased as showing
rate increased. Therefore, there was a linear and
quadratic function between seed yield (gr) per plant
and sowing rates. These results might be due to the
stress source invoked by interplant shading and
competition for soil moisture, limited nutrient
availability and lack of light because of the density
of plants per unit. These results were similar to the
findings testified by many studies [24, 23, 25, 26,
27, 28].
The effect of sowing rate on the thousand seed
weight of the ensuing crop has practical importance. Although differences between genotypes
and sowing rates did not cause significant altera-


*238=4*7/.7*-.6
6*&
0.09
0.08
10.98
0.10
4.42
16.02
0.65
40.85
25.01
1.14
0.43
0.23
100.00


*238=4*2/&6&
6*&
0.13
0.10
12.56
0.13
4.51
15.72
39.72
26.05
0.27
0.12
0.50
0.19
100.00

tions in thousand seed weight in the current study,
the results obtained for this trait from the combination of genotypes and sowing rates ranged from
21.13-23.67 g (Table 1). These results were higher
than those given by some other studies [23, 25].
One possible disagreement in results from this
study from other studies might be due to the genotype differences.
Only the linear orthogonal polynomial effect
of sowing rate on oil content was found to be significant, indicating that increasing the sowing rate
from 10 to 20 kg ha-1 decreases the fatty oil content
of fenugreek. Even though the highest oil content
with 7.32% observed from genotype Ankara with
10 kg ha-1, this result is lower than the results reported by Sulieman et al. [29] with 8.4%. These
differences in fatty oils might be because of genotype differences or because of the experiment applications.
The seeds of genotype Ankara had a slightly
higher content in myristic, linolenic, stearic, palmitic, stearic and palmitoleic acid while those of
Eskisehir had a higher content in all the other fatty
acids detected (oleic, octadecenoic, linoleic, arachidic and lignoceric acid). Fenugreek genotypes
show high quantities of linolenic acid (25.1-26.05
%) and get into the drying oil category [29]. Drying
oils are used mainly in lacquers, paints, printer inks
and varnishes. The linolenic acid content differs
significantly from the results previously reported by
Shahat [30] of 13.8%. The results given by Shahat
[30] were obtained from Egyptian fenugreek oil and
those of Badami and Kalburgi [31] of 13% for
Indian fenugreek. Our results are in agreement with
the ranges of fatty acids given by Baccou et al. [32]
for fenugreek oils in a study on different genotypes
and origins. Hilditch and Williams [33] pointed out
in their study that atmospheric characteristics including temperature are the major factors accounting for variations, especially in linolenic acids.
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In conclusion, according to these results, if
fenugreek were to be used for seed production purposes, the advantages of traits such as high yield
and quality characteristics would be desirable. Using this treatment reduces economic losses that are
associated with seed and other costs and decreases
adverse environmental effects of using exact genotypes. Consequently, in order to obtain a high yield
from unit area for fenugreek, 10 kg ha-1 sowing rate
at irrigated conditions can be suggested.
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THE EFFECTS OF PLANT ACTIVATORS ON THE YIELD,
QUALITY AND NUTRIENT UPTAKES
IN THE ORGANIC LEEK PRODUCTION
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Horticultural Sciences Department, Isparta, Turkey

environment has a direct effect on the high quality
living of humans [5]. The increased tendency of high
pesticide usage in conventional agriculture seriously
threatens food and human health [6]. The utilization
of pesticides especially insecticides play an important role in the destruction of human health and
environmental pollution. These dangerous chemicals
enter into human body through skin, mouth and respiratory way. The use of pesticides in fruit and vegetable productions leaves residues on the fruits and
vegetables. As a result of the consumption of foods
under the influence of residues, these dangerous
chemicals are deposited in the milk and oil tissues.
The pesticides entering into the human body with
different ways lead to the physical and mental damages in childrens. Pesticides can affect nerves, reproduction and hormone systems in humans and lead to
the cancer and gene mutation disruptions [7]. These
negative effects were first recognized by European
countries and organic agricultural systems friendly
to the ecological balance have been developed [8].
Organic agriculture covers the production systems
that are friendly to human and environment and
whose objectives have been to re-built the natural
balance, and containes the control and certification
from production to the consumption [9]. In organic
agriculture, the uses of every type of synthetic fertilizers and medicines have been forbiden in the production [10]. Although organic agriculture covers
only 1% of the agricultural lands of the world [11],
it is the fastest developing, changing and rising secWRU LQ WKH ZRUOG¶V DJULFXOWXUDO VHFWRU [11, 12]. Organic agriculture nowadays shows a wide distribution not only in developed countries but also in developing countries [13].
Recently the consumer¶s interest to organic
foods has been increased especially with the positive
effects of the developments in terms of economy. In
this increase, the role of extension in the human
lifespan and life quality is very high [14]. Consumers
prefer organic products due to many different reasons. The main reasons are the increase in soil quality with organic farming [3], health and environmental concern [15-19], the effects of organic agriculture
providing the sustainability in plant yield [20] and
increasing the biodiversity [21, 22], and the desireness of healthy and good quality foods [14, 23].

ABSTRACT
This study was conducted to compare the yield,
yield parameters and nutrient contents of leaves and
pseudostems of leeks grown organically with those
of leeks grown conventionally and control (received
no treatments). In the study, three different plant
activators (Crop-Set, Soil-Set and Manda 31) were
used to perform organic production. At the end of the
study conducted for two years, it was determined that
the yield, plant weight, plant length, pseudostem
length, and pseudostem diameter varied among
treatments between 4.6-8.4 tons/da, 136.47-252.44
g, 107.3-123.6 cm, 38.2-42.7 cm and 15.93-21.57
mm respectively. Moreover, while the amounts of
nitrogen, phosphorus and potassium in the leaves
varied between 2.32-3.42%, 0.61-0.71% and 3.824.50% respectively, their amounts in the
pseudostems showed changes between 1.53-2.98%,
0.36-0.44% and 2.68-3.42% respectively.

KEYWORDS:
Organic farming, leek, yield, plant nutritional status

INTRODUCTION
The technological developments in the world
and the rapid increases in the world¶V population
have directed the human beings to obtain the highest
yield per area in the shortest possible time period [1].
This caused the increased use of synthetic chemicals
(fertilizers and pesticites) and thus increased the environmental pollution and disrupted the natural balance [1, 2]. In conventional agriculture, the soil quality was affected negatively due to the availability of
industrial applications [3]. Moreover, the intense usage of inputs has brought about many environmental
problems such as soil erosion, the loss of biodiversity
and underground water pollution [4]. The importance of human genetics and the conditions of
their living environments and their interactions are
vey important for the healthy and successful living
of humans. Weather, water and soil pollutions have
negative effects on physical, social, spiritual and
cognitive aspects of human beings. Therefore, the
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for the organic production is a product developed by
OMRI and certified for the purpose of organic production. It containes 893.8 g Lactobacillus
acidophilus, 147.15 g plant extract, 27.25 g
manganese sulphate, 16.35 g iron sulphate and 5.45
g copper sulphate per liter. The plant activator SoilSet has 781.18 g Lactobacillus acidophilus, 37.06 g
plant extract, 92.77 g zinc chlorur, 74.86 g copper
chlorur, 77.86 g iron chlorur and 26.27 g manganese
chlorur per liter and was certified organically by
OMRI. The third plant activator used in the study in
organic farming, Manda 31 was certified organically
by JACT and containes aminoacids in various ratios.
Manda 31 containes 66, 69, 56, 64, 44, 49, 48, 86,
207, 17, 27, 53, 10, 260, 17, 53 and 37 mg proline,
DODQLQHVHULQHYDOLQHWKUHRQLQHÕVROHXFLQHJO\FLQH
leucine, glutamic acid, methionine, histidine,
arginine, tryptophan, aspartic acid, cysteine,
phenylalanine and tyrosine per 100 g respectively.
All the plant activators were applied to the plants
three times during the growing seasons in both years.
While Crop-Set (60cc/da) and Manda 31 (30 cc/da)
were applied to both the plant and soil surface, SoilSet (100 cc/da) was applied only to the soil surface.
In the study, in order to compare with the organically grown leeks, leek was also produced conventionally. For this purpose, in both years of the experiment 50 kg/da 15.15.15 (N, P2O5, K2O) fertilizer
was applied to the parcells designed for the conventional production as a base fertilizer. On the other
hand, during the vegetation period, 5 kg/da potassium nitrate (13% N, 46% K2O), 15 kg/da ammonium nitrate (33% N) and 5 kg/da monoammonium
phosphate (12% N, 61% P2O5) were applied to the
experimental area.
Moreover in the study, a parcel receiving no
fertilizers has been established and the data obtained
were compared with the organic and conventional
treatments.
During the study, plants were irrigated with
drop irrigation system and in both years of the experiment two hoeings were done to control weeds and
filling the stem. The harvest of the leek was
performed on 26 October 2014 in the first year, and
on 25 October 2015 in the second year.
In the study, the yield (kg/da), mean plant
weight (g), plant height (cm), pseudostem length
(cm), pseudostem diameter (mm), the N (%), P (%),
K (%), Ca (%), Mg (%), Fe (ppm), Zn (ppm) and B
(ppm) contents in the pseudostem and leaves were
determined.
The yield values were calculated as tonnes/da
using the number of plants in the parcel and the required plant number per da after obtaining the plant
weight in the parcel. The mean plant weight was determined as the ratio of plant weight to the numbers
of plants in the replication and expressed as µJ¶The
plant height was obtained by measuring the distance
from rozet stem of 20 plants to the leaf tip of the
plants in each rHSOLFDWLRQ DQG H[SUHVVHG DV µcm¶.

Based on the data of 2016, the leek production
in Turkey and in the world were 227 172 and 2 096
067 tonnes in Turkey and in the world respectively
[24]. The native land of leek is Mediterranean region
including Italy, Turkey, Palestine, Syria and Egypt.
The scientific name of leek is Allium porrum [25].
Leek is a mild climate vegetable and consumed by
many people as salads like green onion besides as in
meat and olive oil meals. Leek soften the intestines
due to its high content of cellulose and has an antisepthic characteristic due to its high content of sulphurous substances [26]. It comes forward as an stable product due to its production and price among
vegetables. Since leek is a vegetable that can be produced in each season it is produced and consumed at
the large portion of a year. Besides fresh consumption the leek can be used as dried and frozen and exported. Therefore its production is expected to be
continuously increased in the future [27].
In the study, three different plant activators
(Crop-Set, Manda 31 and Soil-Set) were used to organically produce leek. In order to compare the data
obtained with the conventional and control (received
no treatment) groups, leeks were also grown under
control and conventional parcels. The data obtained
from the study were evaluated and the yield (ton/da),
mean plant weight (g), plant height (cm), the length
of pseudostem (cm) and pseudostem diameter (mm)
parameters were analyzed. Moreover, in the study in
order to determine the nutritional status of the plants
the N, P, K, Ca, Mg, Fe, Zn and B contents of the
pseudostem and leaves were also analysed.

MATERIALS AND METHODS
The study was conducted in a field suitable for
organic agriculture in Yalvaç province (Isparta-Turkey) for 2 years (2014-2015).
The soil in the experimental area were clayed
with a pH (1:2.5) of 8.07, a lime content of 40.69%,
an EC (1:2.5) value of 148.30 micromhos/cm and an
organic matter content of 2.49%. The soil contained
1330, 5.20, 590.29, 4894.90, 568, 1.29, 0.80, 1.74,
and 0.63 ppm nitrogen, phosphorus, potassium, calcium, magnesium, iron, copper, mangan and zinc respectively [28].
In the VWXG\ ,QHJRO  $VJHQ 7DUÕP 7LFDUHW
$ù OHHNFXOWLYDU, which shows a mid-earliest development, have a high adaptation capability and a
long stem, was utilized as a plant material.
Leek seeds were sown on the 3rd March 2014 to
obtain seedlings in the first year of the study and on
the second year the seeds were sown on 7 March
2015. The obtained seedlings were planted to the
field on 31 May 2014 and on 6 June 2015 with 30x10
cm planting distance. The study was designed based
on the completely randomized experimental design
with 3 replications and 35 plants per replication.
The plant activator Crop-Set used in the study
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the lowest yield was observed in the control treatment. All the yield values of the organic treatments
were higher than that of the control treatment and the
highest yield was obtained from Soil-Set treatment
(6.2 ton/da) (Table 1).
Considering the mean values of both years of
the study, the mean plant weight values of the treatments changed between 136.47 and 252.44 g. While
the lowest plant weight was observed in the control
treatment, the other treatments increased the plant
weight in various ratios as compared to the control
treatment. The first and second highest plant weights
were obtained from conventional (252.44 g) and
Soil-Set (186.26 g) treatments, respectively (Table
1).
Plant height values among treatments in leek
ranged from 107.3 to 123.6 cm. The lowest plant
height value was obtained from the control treatment, but the highest value was observed from the
conventional treatment. Organic treatments showed
higher plant height values as compared to the control
treatment and the highest value among organic treatments was obtained from the Soil-Set (115.5 g) treatment (Table 1).
It was observed that the effects of treatments on
the pseudostem length and diameter were significant
(Table 2).
The pseudostem lengths among treatments
ranged from 38.2 to 42.7 cm and the lowest pseudostem length was observed from the control treatment. As compared to the control treatment all treatments increased the pseudostem length, and the
highest length was obtained from Manda 31 treatment (42.7 cm) followed by the conventional (42.4
cm) and Crop-Set (42.0) treatments (Table 2).
It is observed that the pseudostem diameter values ranged from 15.93 to 21.57 mm (Table 2). The
lowest stem diameter values were obtained from the

Pseudostem length (white part) was determined in 20
plants per replication by measuring the distance from
rozet stem to the leaf blade separation point and expressed as µcm¶. Pseudostem diameter was determined with a sticker from 20 plants per replication
by measuring the middle of the stem (white part) and
expressed as µmm¶
Plant samples were burned with a mixture of
Nitric-perchloric acid (4:1) in a microwave (Milestone versiyon Star D). Then, their P, Mg, Ca, K, Cu,
Fe, Mn, B and Zn contents were determined with
ICPOES (Perkin Elmer Optima 8000) equipment
[29]. The N contents of plant materials were determined with the method of Dumas (Gerhardt Dumatherm) [30].
The data obtained from the study were subjected to the variance analyses (ANOVA) using the
Minitab package programe (MINTAB 17 Inc) and
the means were separated with Tukey test.

RESULTS
Yield and Yield Components. The data regarding the changes in the yield, plant weight and
plant height of leek based on the conventional, control and organic treatments (Crop-Set, Soil-Set ve
Manda 31) were given in Table 1. It was determined
that while the effects of treatments and years on the
yield and plant weight were significant, only the effect of treatments on the plant height was significant.
The mean yield was 6.3 tons/da in the first year
of the study, and it was 5.9 tons/da in the second year
of the study. Considering the mean data of both
years, the yield values of the treatments varied between 4.6 and 8.4 tons/da. While the highest yield
values were obtained from conventional treatment,

TABLE 1
The effects of treatments on the yield, plant weight and plant height
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
4.63
5.87
6.10
5.93
8.83
6.3a

Yield (ton/da)
2015
Means
4.47
4.6c
5.53
5.7b
6.33
6.2b
5.40
5.7b
7.97
8.4a
5.9b

Plant Weight (g)
2014
2015
Means
139.19
133.74
136.47c
175.72
166.13
170.93b
182.89
189.63
186.26b
178.70
163.00
170.85b
265.33
239.55
252.44a
188.37a
178.41b

Plant Height (cm)
2014
2015
Means
109.0
105.5
107.3c
116.6
111.6
114.1b
115.0
115.9
115.5b
116.7
113.5
115.1b
123.1
124.1
123.6a
116.1
114.1

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 2
The effects of treatments on the pseudostem length and pseudostem diameter
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

Pseudostem Length (cm)
2014
2015
Means
39.2
37.1
38.2b
42.2
41.7
42.0a
41.8
41.6
41.7ab
43.1
42.2
42.7a
43.3
41.5
42.4a
41.9
40.8

Pseudostem Diameter (mm)
2014
2015
Means
16.14
15.71
15.93c
18.95
17.71
18.33b
18.12
18.78
18.45b
18.47
17.57
18.02b
21.89
21.25
21.57a
18.71
18.20

Means followed by the same letters within each column are not significantly different at the 5% level of significance.
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the stem diameter as compared to the control treatment. The highest stem diameter values were obtained from the conventional (21.57 mm), Soil-Set
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0.44% (Soil-Set) respectively.
At the end of the study, it was observed that the
effects of treatments on the potassium content of leek
leaves and the effects of treatments and year x treatment interaction on the potassium content of pseudostem were significant. The potassium contents of
leaves and pseudostems varied between 3.82%
(Crop-Set) and 4.50% (conventional), and between
2.68% (control) and 3.42% (conventional) among
treatments respectively (Table 5).
It was observed that the effect of years on the
calcium contents of leek leaves and the effects of
years, treatments and year x treatment interactions
on the calcium contents of leek pseudostem were significant (Table 6). The calcium contents of the leek
leaves and pseudostems of the treatments changed
between 1.59% (Crop-Set) and 1.66% (control and
Manda 31) and between 0.55% (Manda 31) and
0.82% (conventional) respectively.
The results showed that the influences of years
and treatments on the magnesium contents of the
leek leaves and pseudostems were significant. The
magnesium amounts in the leek leaves and pseudostems demonstrated variations between 0.44%0.49% and 0.18%-0.22% respectively among treatments (Table 7).

The Nutritional Status of Plants. It was determined that the effects of the treatments on the nitrogen content of the leaf and pseudostem of leek were
significant. The nitrogen contents of the treatments
in the leaf and pseudostem showed variations between 2.32 and 3.42% and between 1.53 and 2.98%
respectively. While the lowest nitrogen content was
observed in both leaf and pseudostem in the control
treatments, all treatments have increased the nitrogen
content in various ratios as compared to the control
and the highest N content was obtained from the conventional treatment (Table 3).
As seen in Table 4, the effects of years, treatments and yearxtreatments interactions on the phosphorus contents of leek leaves were significant. For
the phosphorus contents of pseudostems the effects
of treatments were significant. The phosphorus contents of leek leaf and the pseudostem of the treatments ranged from 0.61% (conventional and CropSet) to 0.74% (Soil-Set) and from 0.36% (control) to

TABLE 3
The effects of treatments on the N contents (%) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
2.39
2.59
2.47
2.83
3.37
2.73

Leaf
2015
2.24
3.04
2.68
2.87
3.47
2.86

Means
2.32c
2.82b
2.58bc
2.85b
3.42a

2014
1.51
1.84
1.94
1.74
2.87
1.98

Pseudostem
2015
1.54
2.03
2.15
1.97
3.08
2.15

Means
1.53c
1.94bc
2.05b
1.86bc
2.98a

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 4
The effects of treatments on the P contents (%) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
0.67b
0.62b
0.81a
0.80a
0.62b
0.70a

Leaf
2015
0.67b
0.60b
0.67b
0.65b
0.60b
0.64b

Means
0.67bc
0.61c
0.74a
0.73ab
0.61c

2014
0.40
0.40
0.43
0.40
0.41
0.41

Pseudostem
2015
0.31
0.36
0.45
0.33
0.43
0.38

Means
0.36b
0.38ab
0.44a
0.37ab
0.42ab

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 5
The effects of treatments on the K contents (%) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
3.73
3.73
4.30
4.43
4.52
4.14

Leaf
2015
3.92
3.90
4.46
4.25
4.48
4.20

Means
3.83b
3.82b
4.38a
4.34a
4.50a

2014
2.83bc
3.00abc
3.01abc
2.87bc
3.18abc
2.98

Pseudostem
2015
2.53c
2.66c
3.43ab
2.63c
3.65a
2.98

Means followed by the same letters within each column are not significantly different at the 5% level of significance
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Means
2.68c
2.83bc
3.22ab
2.75c
3.42a
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While the effects of years and treatments on the
iron contents of leek leaves were significant, in the
pseudostems only the effects of treatments on the
iron contens were significant. The iron contents of
leek leaves and pseudostems ranged from 45.2
(Crop-Set) to 50.7 (control) ppm and from 29.2 (control) to 40.9 (conventional) ppm respectively (Table
8).
In the leek leaves the effects of years and treatments on the zinc contents were significant, but in
the pseudostem the effects of years and year x treatments interaction on the zinc contents were significant. It was determined that the zinc contents of
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leaves and pseudostems varied between 29.0 (control)-36.7 (Manda 31) ppm and between 26.9 (CropSet)-30.0 (conventional) ppm among treatments (Table 9).
While the effects of years, treatments and year
x treatments interaction on the boron contents of leak
leaves were significant, only the effects of years and
treatments on the boron contents of pseudostem were
significant. The boron contents of leek leaves and
pseudostems showed variations between 27.3 (SoilSet) and 32.7 (Manda 31) ppm and between 18.0
(control) and 24.2 (Soil-Set) ppm among treatments
(Table 10).

TABLE 6
The effects of treatments on the Ca contents (%) of leaf and pseudostem
TREATMENTS

Leaf
2015
1.85
1.80
1.81
1.85
1.83
1.83a

2014
1.47
1.38
1.38
1.47
1.46
1.43b

Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

Means
1.66
1.59
1.60
1.66
1.65

2014
0.58c
0.55c
0.53c
0.51c
0.81ab
0.60b

Pseudostem
2015
0.56c
0.75b
0.90a
0.58c
0.82ab
0.72a

Means
0.57d
0.65c
0.72b
0.55d
0.82a

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 7
The effects of treatments on the Mg contents (%) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
0.40
0.39
0.44
0.46
0.39
0.42b

Leaf
2015
0.51
0.48
0.51
0.51
0.51
0.50a

Means
0.46ab
0.44b
0.47ab
0.49a
0.45ab

2014
0.18
0.18
0.20
0.17
0.18
0.18b

Pseudostem
2015
0.18
0.18
0.23
0.19
0.22
0.20a

Means
0.18ab
0.18ab
0.22a
0.18ab
0.20ab

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 8
The effects of treatments on the Fe contents (ppm) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
49.3
43.7
46.0
47.3
45.7
46.4b

Leaf
2015
52.0
46.7
47.0
47.0
50.0
48.5a

Means
50.7a
45.2b
46.5b
47.2ab
47.9ab

2014
27.3
32.0
33.6
31.0
38.7
32.5

Pseudostem
2015
31.0
32.0
38.3
32.7
43.0
35.4

Means
29.2c
32.0bc
36.0ab
31.9bc
40.9a

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

TABLE 9
The effects of treatments on the Zn contents (ppm) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
33.0
32.7
33.7
42.3
35.6
35.5a

Leaf
2015
25.0
30.7
28.3
31.0
30.0
29.0b

Means
29.0b
31.7ab
31.0b
36.7a
32.8ab

2014
30.0ab
26.7b
26.7b
29.3ab
33.0a
29.1a

Pseudostem
2015
26.0b
27.0b
27.7ab
26.0b
27.0b
26.7b

Means followed by the same letters within each column are not significantly different at the 5% level of significance.
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Means
28.0
26.9
27.2
27.7
30.0
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TABLE 10
The effects of treatments on the B contents (ppm) of leaf and pseudostem
TREATMENTS
Control
Crop-Set
Soil-Set
Manda 31
Conventional
Means

2014
28.0b
27.3b
29.3ab
30.3ab
27.0b
28.4b

Leaf
2015
30.7ab
30.0ab
25.3b
35.0a
29.0b
30.0a

Means
29.4ab
28.7b
27.3b
32.7a
28.0b

2014
16.3
20.0
23.0
19.3
20.0
19.7b

Pseudostem
2015
19.7
21.0
25.3
21.3
21.0
21.7a

Means
18.0b
20.5b
24.2a
20.3b
20.5b

Means followed by the same letters within each column are not significantly different at the 5% level of significance.

compared to the control. On the other hand, the pseudostem length values varied between 38.2 and 42.7
cm among treatments. While the lowest pseudostem
length was observed from the control treatment, the
highest length was obtained from the Manda 31 treatment. As compared to the control treatment all treatments increased the pseudostem length (Table 1-2).
In the study, the lowest values regarding the
yield and yield components were obtained from the
control treatment but all the other treatments have increased the yield and yield components at various ratios. Esspecially, the highest yield, plant weight,
plant height and pseudostem length were obtained
from the conventional treatment. This situation could
be explained with the fact that the chemical fertilizers given to the plants cause a high rate of development in plants. Similarly, organic treatments like
plant activators demonstrated a similar effect of increasing yield and yield components in various ratios. This may be explained by the minerals available
in various amounts in plant activators or by their
chemical compositions and the microorganisms
which can increase their population within the soil
environment and thus leading to an increase in the
availability of nutrients in the plant activators.
Similar results have been obtained from many
studies regarding organic agriculture in various species. Thus, in tomato at the end of the organic cultivation as compared to the control treatment the highest yield [33-36], mean fruit weight [33-35], fruit
length and fruit diameter [35] and plant diameter [36]
values were obtained from the conventional treatment, and as compared to the control treatment the
increases in all these parameters were obtained in the
organic treatments. Moreover, as compared to the
control treatment, the higher amounts of fresh yield,
pod length and diameter in cowpea [37]; the higher
fruit length and diameter in tomato [38]; the higher
yield, plant height and head diameter in red cabbage
[39]; the higher yield, mean fruit weight, fruit height
and fruit diameter in pepper [40]; the higher plant
height, grain yield and biological yield in corn (Bilal
et al.[41]; the higher plant height, stem diameter and
mean fruit weight in tomato [42]; the higher yield,
root weight, root diameter and root length in carrot
[43] were reported from organic and conventional
treatments. Thangasamy et al. [44] in onion and $WHú
et al. [45] in grape reported that higher amounts of

DISCUSSION
Yield and Yield Components. The main discussion subject regarding organic agriculture which
KDV DQ LPSRUWDQW SODFH LQ ZRUOG¶V DJULFXOWXUH LV
whether the organic agriculture can produce adeTXDWHIRRGVXSSO\ZKLFKFDQIHHGWKHZRUOG¶VHQWLUH
population [31]. Many people defend the idea that
organic agriculture will produce less yield as compared to the conventional production and in order to
produce the same amount of yield more agricultural
lands will be needed. The people supporting this idea
also belive that the need to soil will lead to the loss
of forests and reduction of the biodiversity and thus
the environmental benefits of organic treatments will
be scuppered [32]. Therefore, nowadays the most
important factor that the producers who will start to
the organic agriculture are focused on is how less
will be the yield per unit area as compared to the conventional production. Since producers know that the
prices of organic products are generally higher and
the amount of products they obtain will increase the
profitability, it is important to increase the yield per
unit area in organic agriculture. Therefore, in our
study the yield and yield components (plant weight,
plant height, pseudostem length and pseudostem diameter) of organically grown leeks were determined
and compared to the same parameters of conventionally grown leeks.
In the experiment, the mean yield values of the
two years ranged from 4.6 to 8.4 tons/da among the
treatments. While the lowest yield values were obtained from the control treatment, the highest values
were observed from the conventional treatment. All
of the organic treatments (Crop-Set, Soil-Set and
Manda 31) increased the yield as compared to the
control. Among the organic treatments, 34.8% increase in the yield was obtained with Soil-Set treatment. According to the treatments, plant weight,
plant height and pseudostem diameter values varied
between 136.47 and 252.44 g, 107.3 and 123.6 cm,
and 15.93 and 21.57 mm respectively. Plant weight,
plant height and pseudostem diameter values followed a similar pattern with the yield values and the
lowest values were observed from the control and the
highest values from the conventional treatment. All
organic treatments demonstrated an increase in plant
weight, plant height and pseudostem diameter as
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given to the plants. On the other hand, the high nutritional element concentrations provided by the organic treatments resulted from the plant activators
used in the study either from their mineral elements
or biochemical compositions or the increase in the
microorganism populations in the media which increase the availability and the beneficiary effects of
nutritional elements.
Similar findings have been reported from studies in different species regarding the nutritional status of plants in organic agriculture. With this respect,
'HPLUWDúHWDO[46] reported the increases in the potassium, magnesium and iron contents in tomato;
Özkan et al. [49] the increases in the nitrogen, phosphorus, potassium, calcium and magnesium contents
in pepper; Ünlü and Göktekin [50] the increases in
the nitrogen, calcium and boron contents in plant
leaves in tomato in response to conventional treatments as compared to the control and organic treatments. On the other hand, the use of plant activators
have been reported to increase the nitrogen and phosphorus contents in tomato [51]; and the nitrogen,
phosphorus, potassium, calcium, magnesium, zinc,
iron and mangan concentrations in plant leaves in tomato [52] as compared to the control. Moreover, the
nitrogen, phosphorus and potassium contents in pepper [53]; The nitrogen, phosphorus and potassium
contents in mango [54]; the nitrogen, phosphorus,
potassium, iron, zinc contents in pomegranate [55];
the nitrogen, phosphorus and potassium contents in
the plant leaves in Corchorus olitorius [56]; were determined to be higher in organic and conventional
treatments as compared to the control treatment. On
the other hand, the nitrogen, phosphorus and potassium contents in banana [57]; the nitrogen, phosphorus, potassium, iron, zinc and mangan contents in tomato [58]; and the phosphorus content in bean [59]
were reported to be higher in the plant leaves in organic treatments as compared to the conventional
treatments. All this findings were in agreement with
our findings.

yield were obtained from conventional production
methods as compared to the organic production
methods. All these findings support our findings.
Plant Nutritional Status. Fertilization is one
of the most important cultural practices in terms of
increasing the yield per unit area in plant production.
However, the excess use of chemical fertilizers in order to increase the yield can cause serious problems
for the healths of humans, plants and animals via
mixing with the underground and surface water resources [46]. In conventional agriculture, the excess
usages of chemical fertilizers and pesticides are a
major threat to the soil health which is the most important component of the sustainability in agriculture. On the other hand, organic agriculture can be
used as an alternative agricultural system to solve the
problems regarding the sustainability of soil resources [47]. The sustainability of soil fertility in organic agriculture is important for the determination
of proper fertilizers, methods and timings in order for
providing balanced nutritional elements and obtaining healthy foods [48].
In this study, 3 different plant activators (CropSet, Soil-Set and Manda 31) were used to produce
organic leeks and compared to the leeks grown with
conventional methods and those grown with no treatments in terms of the concentrations of N, P, K, Ca,
Mg, Fe, Zn and B in the leaves and pseudostems of
leek.
Considering the two years data, the N, P, K, Ca,
Mg, Fe, Zn and B concentrations in the leek leaves
varied between 2.32-3.42%, 0.61-0.74%, 3.824.50%, 1.59-1.66%, 0.44-0.49%, 45.2-50.7 ppm,
29.0-36.7 ppm and 27.3-32.7 ppm among treatments
respectively. On the other hand, the N, P, K, Ca, Mg,
Fe, Zn and B values in the pseudostem changed between 1.53-2.98%, 0.36-0.44%, 2.68-3.42%, 0.550.82%, 0.18-0.22%, 29.2-40.9 ppm, 26.9-30.0 ppm
and 18.0-24.2 ppm respectively among treatments.
At the end of the study, the N content of leek
leaves; N, K and Fe contents of pseudostems increased in all organic and conventional treatments as
compared to the control treatment, and the highest
increase was observed in the conventional treatment.
In the study, the highest N and K values were observed in the leaves among treatments and the highest N, K, Ca, Fe and Zn contents were determined in
the conventional treatment in pseudostems. Moreover, as compared to the control treatment the N and
Zn concentrations in the leek leaves and the N, P, K,
Fe and B concentrations in the pseudostems increased in all organic treatments. Considering the
mean data from both years, the higher phosphorus,
magnesium and boron values were obtained from organic treatment as compared to the control and conventional treatments in the leaves and pseudostems
of leek. The highest values obtained from the conventional treatment could be due to the benefition of
plants from the ready to be used chemical fertilizers

CONCLUSIONS
The most important barrier in front of organic
production is the decreases observed in the yield as
compared to the conventional production. Therefore,
the producers who will start to organic production
would like to gain knowledge regarding the plant nutritional methods and their foods that will minimize
this decrease in the yield. Moreover, the inputs that
will be used for plant nutrition in organic agriculture
remain very limited as compared to the conventional
production. The plant activators that are among these
limited plant nutritionals have possible good contributions on the soil health and its flora. However, the
effects of these contributions on the yield are important especially the entrepreneurs that will invest
to organic agriculture. In the study three plant
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[12] Ilgar, R. (2017) Sustainability and Organic
Farming Upon Agriculture in Province of Çanakkale. Eastern Geographical Review. 22(37),
159-178.
[13] øQFL+.DUDND\D(DQG ùHQJO$<(2017)
Factors Affecting Organic Product ConsumpWLRQ 'L\DUEDNÕU&DVH KSU J. Nat. Sci. 20(2),
137-147.
[14] 8VWDDKPHWR÷OX(DQG ToNOXø7(2015) A survey on the effect of attitude, health cons-ciousness and food safety on organic food purchase
intention. The International J. of Economic and
Social Res. 11(1), 197-212.
[15] Gil, J.M., Gracia, A. and Sanchez, B. (2000)
Market segmentation and willingness to pay for
organic products in Spain. Int. Food and Agribusiness Management Review. 3(2), 207-226.
[16] Elmaz, O., Cerit, H., Ozcelik, M. and Ulas, S.
(2004) Impact of organic agriculture on the environment. Fresen. Environ. Bull. 13, 10731079.
[17] Hafla, A.N., Macadam, J.W. and Soder, K.J.
(2013) Sustainability of US Organic beef and
dairy production systems: Soil, plant and cattle
interactions. Sustainability. 5, 3009-3034.
[18] Aceleanu, M.I. (2016) Sustainability and competitiveness of romanian farms through organic
agriculture. Sustainability. 8(245), 2-19.
[19] Vatansever Deviren, N. and Çelik, N. (2017)
Evaluation of Economic Aspects of Organic Agriculture in the World and Turkey. The J. of Int.
Social Res. 10(48), 669-678.
[20] Das, A., Patel, D.P., Kumar, M., Ramkrushna,
G.I., Mukherjee, A., Layek, J., Ngachan, S.V.
and Buragohain, J. (2017) Impact of seven years
of organic farming on soil and produce quality
and crop yields in eastern Himalayas, India.
Agric. Ecosystems and Environ. 236, 142-153.
[21] Rahmann, G. (2011) Biodiversity and Organic
farming: What do we know? vTI Agric. For.
Res. 3(61), 189-208.
[22] Tuck, S.L., Winqvist, C., Mota, F., Ahnström,
J., Turnbull, L.A. and Bengtsson, J. (2014)
Land-use intensity and the effects of organic
farming on biodiversity: a hierarchical metaanalysis. J. of Applied Ecology. 51, 746-755.
[23] Aggelopoulos, S., Arabatzis, G. and Pauloudi,
A. (2009) Agri-environmental policy of Eu: the
case of organic farming in greece. Fresen. Environ. Bull. 18, 1024-1030.
[24] FAO (2018) Food and Agriculture Organization
of
the
United
Nations,
Statistics.
http://www.fao.org/faostat/en/#data
[25] *YHQo ø (2017) Principal Information and
Cultivation of Vegetables. 1REHO <D\ÕQFÕOÕN
<D\ÕQ1R$QNDUD7XUNH\

activators applied to the plants and soil had positive
influences on the yield, plant weight, plant height,
pseudostem length and diameter as compared to the
control treatment. The used plant activators had also
positive effects on the nutritional elements contents
of plants which is an important indication of helthy
plant feeding. All these findings are important in
terms of showing that the plant activators could be
used to increase the yield and quality in organic agriculture. In the study, considering the yield and
other parameters it can be suggested that the plant
activators starting with the Soil-Set could be used in
the organic leek production.
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ABSTRACT

terms of changes in precipitation sums, timings
and intensity rates, and indirectly impact the flux
and storage capacity of water in surface and subsurface reservoirs (i.e., lakes, soil moisture, and
groundwater). In addition, there may be other related effects, such as seawater intrusion, water
quality deterioration, potable water deficiency, etc.
[7]. Hence proper monitoring, conservation and
processes controlling the chemistry of water resources have become a global issue of concern as
human populations grow, industrial and agricultural
activities expand, and climate change threatens to
cause major alterations to the hydrological cycle.
Water is being used for various purposes such
as for drinking, domestic, irrigation and industrial,
which mainly depends on its intrinsic quality, and
hence it is of prime importance to have prior information on quality and quantity of water resources
available in the region while planning developmental projects. During the recent two decades, the
groundwater quality evaluations in India and around
the world have been studied extensively by various
researchers [8-18] for sustainable utilization of
groundwater.

Groundwater from 21 wells were analysed for
physicochemical parameters and major ion chemistry in the Atmakur area of Nellore District. Analytical results demonstrated that the majority of the
samples can meet the requirement for drinking and
irrigation use with few exceptions. The dominant
hydrochemical facies of groundwater was Ca-MgHCO3 in both Piper and ChadhD¶V FODVVLILFDWLRQV
Moreover, Wilcox plot shows that most of the samples fall within the good to permissible followed by
doubtful to unsuitable categories for irrigation use
while the USSL classification shows that most of
the samples fall in C3-S1 and C4-S1 with increasing salinity. Scatter diagram showed that silicate
weathering (HCO3- and SO42- dominates over Ca2+
and Mg2+) prevails in the study area. Furthermore,
Gibbs diagram confirmed that the majority of samples fall in rock dominance followed by evaporation
dominance, while the CAI-1 and CAI-2 indicated
that reverse ion exchange is dominant in the region.

KEYWORDS:
Groundwater, Drinking, Irrigation, Hydrochemical facies,
Gibbs ratio, Chloro-alkaline indices, Atmakur.

Study area. The study was performed in Atmakur mandal (14°33' N and 14°47' N latitudes
79°26' E and 79°42' E longitudes) located in Nellore district, Andhra Pradesh, South India. It is included in the survey of India toposheets no. 57 N/9,
N/10 and it has an elevation of 15 meters above sea
level. A minor tributary Boggeru joins other minor
streams flows eastwards and joining the Penna River near Varlagudipadu. The geology of Atmakur
indicates that it lies within the hornblende gneiss of
lower Proterozoic age to alluvium (sand, silt and
clay dominant) of Quaternary age. The average
annual rainfall of the mandal is 936 mm. The average water level varies between 3 and 8 meters.

INTRODUCTION
Groundwater is a fine source of fresh water
resource which is the major issues at the front of
the policy makers for its sustainable utilization.
Natural filtration process through soil and sediments makes up the groundwater free from organic impurities [1]. The quality of groundwater depends on various factors such as regional lithology, the rate of chemical weathering; quality of
recharge water and inputs from sources other than
water-rock interaction [2-5]. The quality of
groundwater has been impaired by a number of
anthropogenic factors such as inadequate agricultural, mining practices and incompetent management of water resources [6]. Moreover, climate
change has the potential to impose additional pressures on water availability and accessibility in

MATERIALS AND METHODS
A total of 21 representative groundwater samples were collected in a pre-cleaned and well-dried
polyethylene bottles from Atmakur area in the
month of May 2015. Sampling localities were
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FIGURE 1
Location map of the study area with water sample points
from triangular fields is extended further into the
central diamond field, which provides the overall
character of the water. It is evident from the results
that the dominant hydrochemical facies were CaMg-HCO3 water type (Figure 2).

traced using a portable GPS tracker and they were
shown in Figure 1. The water samples were analysed for physic-chemical parameters such as pH,
electrical conductivity (EC), total dissolved solids
(TDS), major cations such as calcium, magnesium,
sodium and potassium, and anions such as bicarbonate, chloride, and sulphate by adopting the
standard procedures [19, 20]

ChadhD¶V GLDJUDP. The diagram is a fairly
modified version of the Piper diagram [21] and the
expanded Durov diagram [23]. The main difference
is that the two equilateral triangles are omitted, and
the shape of the main study-field is different. The
square or rectangular field explains the overall
character of the water. The variation in milliequivalent percentage values of major ions would plot in
one of the four possible sub-fields of the diagram
and it can be used to know the controlling hydrochemical processes [24]. It is evident from the results that the dominant hydrochemical facies are
Ca-Mg-HCO3 water (Figure 3).
It can be found that most of the water samples
were Ca-Mg-HCO3 types, in both methods.

Hydrochemical facies. The general principle
of a hydrochemical facies study is to relate the
chemical character of groundwater to the geological
and hydrological environment. In this study, the
groundwater nature was assessed and compared
with Piper and Chadha´s diagrams.
Piper diagram. In the Piper diagram, the milliequivalent percentages of the major ions (percentage reacting values) are plotted in each triangle and
the type of water is determined on the basis of a
position of the data plot in the respective cationic
and anionic triangular fields [21, 22]. The plotting
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FIGURE 2
Trilinear diagram for representing the analyses of groundwater quality (Piper diagram)

FIGURE 3
CKDGKD¶VGLDJUDP PRGLILHG3LSHUGLagram)
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Ca2+ and Mg2+ ranges from 64 to 314 and 11 to 105
mg/l and they are within safe limits. The ionic concentrations of HCO3- are ranged from 276 to 859
mg/l and within safe limits. The concentration of
Cl- varies from 35 to 355 mg/l. About 47% of the
samples exceeded the safe limits. The ionic concentrations of SO42- vary from 27 to 107 mg/l. and all
the groundwater samples were within the permissible limits. The abundance of dominant ions in
groundwaters of the study area was as follows:

RESULTS AND DISCUSSION
Water quality evaluation for drinking. The
summary statistics such as minimum, maximum
mean and the standard deviation was given in Table
1. The minimum and maximum values of pH and
electrical conductivity (EC) of groundwater were
ranging from 7.2 to 8.1 and 570 to 3120 μ
mhos/cm, respectively. The pH and EC of all the
groundwater samples of the study area were within
the permissible limits. Total dissolved solids (TDS)
in the study area vary between 365 and 1997 mg/l.
In the present study, eleven groundwater samples
were within the permissible limits. The Na+ and K+
concentrations in groundwater range from 20 to 217
and 3 to 15 mg/l, respectively. It is evident from the
results that all the groundwater samples are within
the permissible limits. The ionic concentration of

Ca2+ > Na+ >Mg2+ > K+ and HCO3- > Cl- > SO42Water quality evaluation for irrigation. The
important parameters that influence the quality of
water for irrigation use are sodium absorption ratio
(SAR), percent sodium (%Na), permeability index
(PI) and magnesium ratio (MR).

FIGURE 4
The quality of water samples in relation to salinity and sodium hazard (after US salinity Laboratory 1954)

7900

© by PSP

Volume 27 ± No. 11/2018 pages 7897-7905

Fresenius Environmental Bulletin


ples were within safe limits (<60). Wilcox (1955)
has used % Na and EC to assess the quality of water
using Wilcox diagram [26]. The analytical data
plotted on Wilcox diagram demonstrate that except
few samples, most of the groundwater samples fall
in good to permissible and permissible to doubtful
categories for irrigation use (Figure 5).

Sodium absorption ratio (SAR). The sodium
adsorption ratio (SAR) is used to expresses the relative movement of Na+ ions in the exchange reactions with the soil. Higher sodium ion concentration
can diminish the permeability of the soil and its
structure. SAR is determined by the following formula
SAR = Na+/ ¥(Ca2+ + Mg2+)/2
(All ionic concentrations expressed in meq/l)
In this area, the observed value of SAR ranged
from 0.51 to 2.89 meq/l (Table 1). All the samples
were within safe limits (<10). The further aspect for
the suitability of water for irrigation use can be
made by plotting the sodium absorption ratio and
electrical conductivity values on the US Salinity
Laboratory (USSL) diagram (Figure 4). Accordingly, 62% of the samples fall in the category of C3S1, indicating high salinity and low sodium water
type, followed by C4-S1 and C2-S1 indicating very
high salinity and low sodium water type, medium
salinity and low sodium water type respectively.
The groundwater samples which are falling in C3±
S1 and C4±S1 are moderate in quality to irrigate
semi-tolerant crops.

Permeability index (PI). The permeability
of the soil is affected by the long-term use of water for irrigation as it is influenced by sodium,
calcium, magnesium and bicarbonate content of
the soil. Doneen (1964) has proposed a criterion
for assessing the groundwater suitability for irrigation use based on the PI [27] as shown in the given
formula
PI= (Na+¥HCO3- / (Ca2++Mg2++Na+) ×100
(All ionic concentrations expressed in meq/l)
In this area, the observed value of PI ranged
from 31.74 to 68.98 meq/l (Table 1) indicated that
the water can be used for irrigation use.
.HOO\¶V UDWLR (KR). Kelly (1951) has discussed the hazardous effect of sodium on water
quality for irrigation usage [28]. Water beyond 1.0
Kell\¶V UDWLR LQGLFDWHV DQ H[FHVV OHYHO RI VRGLXP
and is not suitable for irrigation and water with
Kelly's ratio below 1.0 is suitable for irrigation. The
.HOO\¶V UDWLR FDQ EH FDOFXODted with the following
formula as given below
.HOO\¶VUDWLR 1D+/ (Ca2+ + Mg2+)
(All ionic concentrations expressed in meq/l)
In the study area, Kelly's ratio value varied between 0.15and 0.71 meq/l (Table 1). It was observed that all the groundwater samples were within
permissible limits.

Percent sodium (%Na). Excess sodium in
water reacts with soil, thereby reducing its permeability which shows the importance of Na+ ion in the
classification of irrigation water quality [25]. A
High percentage of sodium ions on water using for
irrigation purpose may inhibit the plant growth and
reduces soil permeability. The sodium percentage
was calculated by
100× (Na+ + K+)/ (Ca2+ + Mg2+ + Na++ K+)
(All ionic concentrations expressed in meq/l)
In this area, the observed value of SAR ranged
from 12.32 to 41.52 meq/l (Table 1). All the sam-

TABLE 1
Minimum, maximum, average and suitability categorization for drinking according to the guide lines of
different constituents of water samples
S. No.
Constituents
Min
Max
Average AL1
SEAL2
1 Calcium (Ca) (mg/l)
64
314
172
200
0
2 Magnesium (Mg) (mg/l)
11
105
48
150
0
3 Sodium (Na) (mg/l)
20
217
97
200
1
4 Potassium (K) (mg/l)
3
15
8
NG3
5 Bicarbonate (HCO3) (mg/l)
276
859
551
NG
6 Sulphate (SO4) (mg/l)
27
107
71
250
0
7 Chloride (Cl) (mg/l)
35
355
198
250
8
8 Specific conductance (μmhos/cm)
570
3120
1765
NG
9 Total dissolved solids (TDS)
365
1997
1130
1000
10
10 pH
7.2
8.1
8
6.5-8.5
0
* Minimum, maximum, average and suitability categorization for rating groundwater quality for irrigation purposes of different constituents of water samples
11 Sodium adsorption ratio (SAR)
0.51
2.89
1.71
18-26
0
12 Percent sodium
12.32
41.52
25.75
40-60
0
.HOO\¶V5DWLR 0
14 Mg Ratio
17.05
43.64
30.06
<50
0
15 Permeability Index
31.74
68.98
46.41
50-75
0
16 Indices of Base Exchange ± I
-1.02
0.56
0.08
17 Indices of Base Exchange ± II
-0.15
0.37
0.09
18 Gibbs ratio I
0.17
0.48
0.36
19 Gibbs ratio II
0.20
0.52
0.34
1.

Acceptable limits (WHO, 2011): 2Samples exceeding the Acceptable limits: 3No Guideline.
* According to Ayers and Westcot (1985) [36], Eaton (1950) [37], Wilcox (1955) [26], Doneen (1964) [27] and Kelly (1951) [28] respectively
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Magnesium ratio (MR). Generally, Ca2+ and
Mg keep equilibrium in most waters [29]. In equilibrium magnesium in waters will adversely affect
crop yield [30]. The magnesium ratio can be calculated as
MR = 100* (Mg2+/ (Ca2++ Mg2+)
(All ionic concentrations expressed in meq/l)

Magnesium ratio above 50 percent is considered unsafe and unsuitable for irrigation purposes.
The MR values of waters in the study are varying
from 17.05 to 43.64 meq/l (Table 1). From this, it is
clear that all the samples were within the acceptable
limit of 50%.

2+

FIGURE 5
The quality of water in relation to electrical conductivity and percent sodium (Wilcox diagram)

FIGURE 6
Mechanism controlling the chemistry of groundwater (after Gibbs 1970 [33])
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FIGURE 7
Scatter diagram Ca 2+ + Mg2+ vs. HCO3- + SO42following conclusions have been made:
(1) The values of physico-chemical parameters
of the groundwater samples vary significantly according to their concentrations and coefficients of
variations. The type of water that predominates in
the study area is Ca-Mg-HCO3 type based on hyGURFKHPLFDOIDFLHVLQERWKSLSHUDQG&KDGKD¶VFODssifications.
(2) In comparison with the drinking water
standards from national and international organisations, most of the parameters can meet the requirement for drinking and irrigation use with few exceptions. Moreover, SAR, %Na, PI, KR and MR
suggest that most of the groundwater samples can
be used for irrigation
(3) Wilcox plot illustrates that most of the
samples fall within the good to permissible followed by doubtful to unsuitable categories for irrigation use whereas the USSL plot demonstrates that
most of the samples fall in C3-S1 and C4-S1 with
increasing salinity.
(4) The scatter diagram showed that silicate
weathering prevails in the study area as HCO 3- and
SO42- dominates over Ca2+ and Mg2+.
(5) Gibbs diagram and CAI-1 and CAI-2 suggest that water-rock interaction followed by evaporation dominance and reverse ion exchange are responsible for the hydrochemistry of the groundwater in the study area.

Mechanism controlling groundwater chemistry-Gibbs diagram and water-rock interaction.
*LEE¶V  VXJJHVWHGWZRSORWVVXFKDV L 7'6
vs Cl-/ (Cl-+HCO3-) and (ii) TDS vs (Na++K+)/
(Na++K++Ca2+). In the present study, it is found that
most samples are falling into the rock dominance
region which revealed that the rock-water interaction process prevails followed by evaporation dominance (Figure 6). The silicate weathering prevails
if HCO3- and SO42- dominate Ca2+ and Mg2+, resulting in increasing the concentration of HCO3- in
groundwater [31]. The scatter diagram of Ca 2+ +
Mg2+ vs. HCO3- + SO42- (Figure 7) showed that the
samples lie below the equiline, indicating the primary process concerned in the evolution of
groundwater was silicate weathering Whereas the
few points above the equiline indicate carbonate
weathering [32].
Indices of Base Exchange. Schoeller (1977)
[34] has suggested the ion exchange process within
groundwater and its host environs during its travel
and residence time in an aquifer. The CAI-1 and
CAI-2 were estimated by the following equations:
Chloro alkaline index 1 = (Cl- - (Na+ + K+))/ClChloro alkaline Index 2 = (Cl- - (Na+ + K+)/ (SO42+ HCO3- + CO32- + NO32-)
If CAI is negative, there will be an exchange
between sodium and potassium with calcium and
magnesium in water. If the ratio is positive, the exchange is reversed and 57% water samples showed
positive ratios illustrating the reverse type of base
exchange.
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CONCLUSIONS
Based on the physico-chemical parameters,
major ion chemistry and some other parameters of
groundwater in the vicinity of Atmakur area, the
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ABSTRACT

They are widely raised in Asia, Europe and Africa,
mostly for meat, milk and wool. A small ratio of goat
population in Europe (France, Germany and Holland) are generally bred for cheese and wool production [1]. Contemporarily, goats meet the nutritional
and clothing requirements of vast populations living
in marginal areas of poorly developed and developing countries. Anatolia, one of the main domestication regions in the world, is home for indigenous
goat breeds like Anatolian Black, Kilis and Angora.
Anatolian Black and Kilis are raised as combined
breeds, while Angora goats are raised for wool.
Like all mammals, physiological and metabolic
processes that determine production efficiency traits
of goats are controlled by genes. Previous studies
provided solid evidence regarding the major roles of
growth hormone (GH), prolactin (PRL) and PROP1
protein and their encoding genes on growth, reproduction, milk efficiency and composition in mammals. Secretion of these three regulatory substances
is also inter-related. PROP1 controls expression of
PIT1 protein, which regulates expression of pituitary
GH and PRL [4]. Studies on farm animals reported
the relation between PRL gene polymorphisms and
milk efficiency, fiber growth in cattle, sheep and
goats. A similar relation is reported between GH,
PROP1 gene polymorphisms and post-natal development, post-natal weight gain and milk efficiency
parameters. These three genes have the potential to
be used for marker-assisted selection in farm animals.
Global warming is an increase in the earth's average atmospheric temperature that causes corresponding changes in climate and that may result
from the greenhouse effect. According to Europe Environment Agency (5), severe weather events in the
region are expected to increase. Furthermore, the reduction of rainfall in southern Europe, including
Turkey, leading to a significant impact on agriculture
and water resources are reported to be serious effects, such as droughts will become more frequent.
According to the Turkish Ministry of Environment
DQG8UEDQL]DWLRQ¶V5HSRUW[6], especially after 2080,
heat waves, drought and heavy rainfall are expected
to be more frequent. Prolonged High air temperature
caused by global warming impairs growth, meat and
milk yield and quality, egg yield, weight, and quality

It is predicted that yield characteristics will be
affected in the negative direction as a result of future
global warming. Genotyping gene regions affecting
the yield characteristics of animals today and thereby
contributing to minimizing this situation in which
producers can be affected in the negative direction.
The aim of this study is to determine genotype and
allele distribution of PRL, GH and PROP1 genes of
the indigenous goat breeds in Turkey. Unrelated 50
Anatolian Black, 50 Kilis and 50 Angora goat breeds
are used as the sample of the study. The genotype
and allele frequencies of PRL and PROP1 were detected by using polymerase chain reaction-restriction
fragment length polymorphism method. The GH
polymorphism was determined by direct sequencing.
C allele frequency of PROP1 and A allele frequency
of the PRL was found to be high in Anatolian Black,
Kilis and Angora goat breeds. Only BB genotype
ZDVREVHUYHGLQ¶SURPRWHUUHJLRQ*+JHQH$VD
result, it can be suggested that these three genes need
further investigation on more goat breeds and larger
numbers of individuals and also further investigations should be carried out in order to understand the
relations between gene and efficiency traits. Based
on these, future studies on Anatolian breeds can lead
to more definitive results.
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INTRODUCTION
Goat (Capra hircus) is the second domesticated
animal after dog and has provided major benefits for
humans in the process of founding settled civilizations by providing meat, milk and wool [1, 2, 3].
There are currently more than 300 goat breeds
worldwide with various morphological characteristics in a widespread geographical distribution from
tropical climate and deserts of Africa to icy lands of
Siberia. Ninety-four percent of goats in the whole
world are currently bred in developing countries.
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same PCR conditions were used for all the regions;
initial denaturation at for 5 min; 35 cycles of 94 oC
for 1 min, primer specific annealing temperature for
1 min, 72 oC for 1 min; and a final extension at 72 oC
for 10 min. The PCR products were loaded into 2%
agarose gel with ethidium bromide to check the results of amplification.
 ȝO RI WKH 3&5 SURGXFWV ZHUH XVHG IRU UH
striction fragment length polymorphism (RFLP)
analysis. The amplified 196 bp fragment was digested with Eco24I to detect PRL polymorphism at
37 oC overnight. The 414 bp fragment encompassing
the PROP1 polymorphism were digested with Hin6I
restriction enzyme at 37 oC for 5 minutes. The digested DNA fragments were separated by electrophoresis in 2% agarose gel including ethidium bromide and visualized under UV light.
The GH polymorphism was determined by direct sequencing of the amplified 214 bp fragment.
Sequencing was performed using an ABI-3100 sequencer (PE Biosystems, Weiterstadt, Germany) and
the BigDyeTM terminator cycle sequencing kit, after
the purification of the PCR products. Forward primer was used to sequence the PCR products.
Genotypic frequencies were calculated from
the direct counting of genotypes as follows:
݊
݂ ൌ
ܰ
where nij is the number of animals with the genotype
of ij and N is the number of total animals. Ȥ2 tests and
allele frequencies were carried out by using PopGene software [10]. Results of the sequence analysis
for GH polymorphism were evaluated by using
MEGA 4 [11].
Research on animals was conducted according
to the Istanbul University Local Ethic Committee of
Animal Experiment (protocol number: 2210200721).

and reproductive performance, metabolic and health
status, and immune response in animals [7]. High air
temperatures even affect goats, reducing milk yield
and the content of milk components [8]. Anatolian
Black, Kilis Anatolia and Angora breeds are adapted
to the climate and race conditions of Anatolia and as
we have already mentioned, GH, PROP1 and PRL
affect milk yield and content in animals as well as
the goat.
We believe that the genotyping of Anatolian
native goat breeds, which have high yields and have
been adapted to the environmental conditions of Anatolia, may contribute to the minimization of negative effects on animal producers, since future global
warming will affect the yield characteristics of the
animal in the negative direction. The aim of this
study is to determine the genotype and allele distribution of PRL, GH and PROP1 genes in Anatolian
Black, Kilis and Angora breeds, suggested to have
major roles in efficiency traits of farm animals.

MATERIALS AND METHODS
DNA samples of 50 Anatolian Black, 50 Kilis
and 50 Angora goat breeds were selected from DNA
collections obtained during previous research projects. Anatolian Black samples were collected from
the central Anatolia, Kilis samples were collected
from the south-east Anatolia and Angora breed samples were collected from the central Anatolia. The
animals were not related and had phenotypic characteristics of their breed. DNA was extracted from
blood samples by using the standard salt out method
[9].
Forward (F) and reverse (R) primers were designed for the amplification of PRL, GH and PROP1
genes (Table 1), as well as their GenBank accession
numbers (GenBank Acc. No.) product size (bp) and
annealing temperatures (°C).
The PCR amplifications for PROP1, PRL and
GH were carried out in a final volume 25 μl containLQJȝOXVLQJ87DT'1$SRO\PHUDVH(FermanWDV /LIH 6FLHQFHV &DQDGD   ȝO ; 3&5 EXIIHU
(750 Mm Tris-HCl (pH 8.0), 200mM (NH4)2SO4,
0.1% Tween 20), 1.5mM MgCl2, 50-100 ng geQRPLF'1$ȝ0G173 7DNDUD%LRWHFKQRORJ\
Co, Ltd, Japan) and 10 pmol of each primer. The

RESULTS
Genotypes of the Polymorphisms. The genotypes of PROP1 polymorphism were determined by
the PCR-RFLP method using the Hin6I restriction
enzyme, with the C allele representing 222, 164 and
28 bp fragments and the T allele representing 250
and 164 bp fragments of the 414 bp amplicon.

TABLE 1
3ULPHUVHTXHQFHV*HQ%DQNDFFHVVLRQQXPEHUVDQQHDOLQJWHPSHUDWXUHVDQG3&5SURGXFWV¶VL]HV
Gene
symbol
PRL
PROP1
GH

Primer sequence
F: 5' -ATT CCT GGA GCC AAA GAG - 3'
R: 5' ±TGT GGG CTT AGC AGT TGT - 3'
F: 5' ±ATG TGG TCT GGG ATG GAT G - 3'
R: 5' ± CTG GTG AAG GTT TGG GTT AG- 3'
F: 5' -CCT GAG TCT CCT GCA TTT GC - 3'
R: 5' - CTC ATC CTG TTC CCG TTC CT- 3'

7907

GenBank
Acc. No.

Tm
(0C)

Product size
(bp)

X76049

53

196

EU327393

53.7

414

D00476

56.3

214

© by PSP

Volume 27 ± No. 11/2018 pages 7906-7910

Fresenius Environmental Bulletin


TABLE 2
Distribution of genotype and allele frequencies of PRL and PROP1 polymorphism in Anatolian Black,
Kilis and Angora goat breeds
Polymorphism

Breed

n1
Ob2

Ex3
AA

PRL

Anatolian
Black
Kilis
Angora

Genotype
Frequency
Ob
Ex
AC

Allele
Frequency (%)
Ob

Chi-square
test

Ex
CC

A

C

F2

P

50

0.40

0.49

0.60

0.42

0

0.09

0.70

0.30

8.8260**

0.0029

50
50

0.36
0.22

0.46
0.37

0.64
0.78

0.44
0.48

0
0

0.1
0.15
TT

0.68
0.61
C

0.32
0.39
T

10.6690***
19.8409***
F2

0.0010
0.00008
P

0.72

0.47

0

0.13

0.64

0.36

10.99***

0.0009

0.83
0.89

0.49
0.50

0
0

0.17
0.19

0.58
0.56

0.42
0.44

17.68***
22.25***

0.000026
0.000002

CC
Anatolian
36
0.28 0.40
Black
PROP1
Kilis
36
0.17 0.34
36
0.11 0.31
Angora
1
number of animals, 2observed values, 3expected value

CT

and Boer goats as 0.35, 0.54 and 0.12, respectively.
$&SRO\PRUSKLVP LVORFDWHGLQ¶-promotor site
of GH gene. This site is outside the coding region of
GH gene; however, it is in promotor region and effects GH gene mRNA expression. Its suggested roles
include de-adenylation and degradation of mRNA.
This polymorphism may also, directly or indirectly,
affect mRNA stabilization and amount of the synthesized protein. GH A73C polymorphism is claimed to
be related with birth weight and post-natal weight
gain in goats up to 1 year, which are reported to be
significantly increased in AA genotype. A previous
study [17] proposed that AA genotype is associated
with superior growth traits like increased body
weight, body height and length; however lack of AA
and AB genotypes in our study suggests the need for
further evaluation of the mentioned effects of AA
genotype in future studies. The underlying mechanism for lack of AA and AB genotypes may have a
linkage with a lethal gene resulting in natural selection or a disability in animals which led to artificial
selection by the farmers. In this respect, it is considered further studies are needed for evaluating relation of GH gene with various genes and animal characteristics.
Prolactin hormone plays an important role in
growth, differentiation and lactation [18]. Goat studies indicated that PRL gene affects cashmere fibre
growth and thickness and that it may possess the potential for cashmere trait in marker-assisted selection
(MAS) [19]. Lan et al. [20] investigated PRL gene in
1367 individuals of 9 different Chinese indigenous
goat breeds and determined a novel SNP
(g.576C>A). This polymorphism enables a missense
mutation by an amino acid change from Proline to
Threonine in prolactin hormone. Interestingly, CC
genotype was found to be dominant in all 9 indigenous breeds while AA genotype was only noted in
one breed with a frequency of 0.001 [20]. Controversely, in our study, no CC genotype was identified
in Anatolian goat breeds; AA and AB genotype frequencies were similar. It was suggested that the

PRL was genotyped by using Eco24I restriction
enzyme. Digestion of the 196 bp PCR product revealed two alleles. A allele was characterized by
bands of 196 and 27 bp and C allele was characterized by 169 and 27 bp.
In P1 locus of GH gene, AA, AB and BB were
sequenced and only BB genotype was found for the
locus.
Genotype and Allele Frequencies. The C allele of PROP1 polymorphism had a higher frequency
in Anatolian Black, Kilis and Angora goat breeds.
CT genotype frequencies of all animals are high and
no TT genotype was detected in all of the goat
breeds.
The A allele frequency of the PRL was found
to be high in Anatolian Black, Kilis and Angora goat
breeds. The frequencies of AA and AC genotype are
very similar to each other whereas the CC genotype
was not observed in three of the goat breeds (Table
2).
According to international references [12, 13,
14, 15, 16] about naming in different Single- strand
confirmation polymorphism (SSCP) patterns were
named AA, AB and BB genotypes. In this study only
BB genotype was observed for the GH gene. The indigenous Turkish goat breeds were found to be monomorphic for this locus.

DISCUSSION
GH, PRL and PROP1, secreted by pituitary
gland, are closely associated, and they are claimed to
have major impacts on growth, lactation, reproduction and metabolism. Studies on farm animals indicated the relation between GH, PRL, PROP1 gene
polymorphisms and several efficiency traits.
This study showed that all individuals of Anatolian Black, Kilis and Angora goats have BB genotype regarding GH gene A73C polymorphism. In a
previous study [17], it was reported that AA, AB and
BB genotype frequencies in Chinese Xinong Saanen
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Pro176Thr missense mutation in PRL gene may decrease prolactin levels in the circulation; however,
this notion needs further investigation. Lan et al. [20]
reported a positive correlation between CC genotype
and fibre length, and in this respect, this polymorphism possesses the potential to be a molecular
marker for fibre length. Considering the study by
Lan et al. [20], three Anatolian goat breeds have negative status in terms of g.576C>A polymorphism.
Further studies are required to investigate PRL gene
polymorphisms in Anatolian goat breeds for determination of their effects on efficiency parameters.
PROP-1 transcription factor has an important
role in manifestation of the physiological and metabolic effects of hormones, growth factors and other
regulatory proteins of the somatotrophic axis.
PROP1 gene has a transversion (g.1795 C>T), which
can be identified by digestion with Hin6I restriction
enzyme. The SNP causes an amino acid change from
Alanine to Valine at position 79 of the protein sequence. Xu et al. [21] studied PROP1-Hin6I polymorphism in Hainan black goat breed and number of
individuals with CC, CT and TT genotypes were determined as 88, 140, and 56, respectively. The results
showed that goats with the CT genotype have significantly higher Body Length (BL), Chest Circumference (ChC), and Cannon Circumference Index
(CaCI) (P<0.05) than those with CC genotype [21
20]. Jafari et al. [22] studied the relationship of
PROP1-Hin6I polymorphism with milk yield and
growth traits in Mahabadi goats, and determined
only CC and CT genotypes, but no individuals with
TT genotype. The study [21] revealed the association
between PROP1-Hin6I polymorphism and milk production (P<0.01), milk fat percentage (P<0.05) and
daily weight gain (P<0.05). Based on the same study
[22], CT genotype may have the potential to be a molecular marker for milk yield, and CC genotype can
be considered as a molecular marker for higher milk
fat percentage, higher milk protein percentage, less
SCC and more daily weight gain. In the present
study, only CC and CT genotypes were detected in
Anatolian indigenous goat breeds and CT heterozygote genotype was dominant in all goat breeds. Our
results are similar to the results reported by Jafari et
al. [22].
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())(&76$1'$'9$17$*(62)1$120$7(5,$/6,1
$*5,&8/785$/352'8&7,21
/LKRQJ:DQJ<DR\DR:DQJ<L+DR<XNXL5XL
%HLMLQJ.H\/DERUDWRU\RI)DUPODQG6RLO3ROOXWLRQ3UHYHQWLRQDQG5HPHGLDWLRQ&ROOHJHRI5HVRXUFHVDQG(QYLURQPHQWDO6FLHQFHV
&KLQD$JULFXOWXUDO8QLYHUVLW\%HLMLQJ&KLQD

VXFKDVQDQRVFDOHSDUWLFOHVDQGDWRPLFJURXSV1D
QRPDWHULDOVUHIHUVWRWZRGLPHQVLRQDOGLPHQVLRQVLQ
WKH VSDFH DW WKH QDQRVFDOH VXFK DV QDQRILODPHQWV
QDQRURGV QDQRWXEHV HWF WZRGLPHQVLRQDO QDQR
PDWHULDOVUHIHUWRRQHGLPHQVLRQLQVSDFHDWWKHQD
QRVFDOHVXFKDVQDQRILOPVQDQRODWWLFHVHWFWKUHH
GLPHQVLRQDO QDQRPDWHULDOV UHIHUV WR D PDWHULDO
ZKRVH WKUHHGLPHQVLRQDO VFDOH H[FHHGV WKH QDQR
VFDOHRUDVROLGPDWHULDOIRUPHGE\GLIIHUHQWW\SHVRI
ORZGLPHQVLRQDO QDQRVWUXFWXUHG XQLWV RU FRPSR
VLWHV WKHUHRI ZLWK FRQYHQWLRQDO PDWHULDOV VXFK DV
QDQRFHUDPLFV QDQRPHWDOV QDQRFRPSRVLWHV DQG
WKHOLNH>@
%HFDXVHQDQRPDWHULDOVKDYHPDJQHWLFRSWLFDO
HOHFWULFDODQGVHQVLWLYHSURSHUWLHVWKDWDUHQRWFRQ
WDLQHGLQFRQYHQWLRQDOPDWHULDOVWKH\SOD\DGHFLVLYH
UROHLQWKHILHOGVRIHOHFWURQLFPDWHULDOVILQHFKHPL
FDOVLQIRUPDWLRQHQHUJ\FDWDO\VLVDQGELRPHGLFLQH
>@7KHDSSOLFDWLRQRIQDQRWHFKQRORJ\LQDJULFXO
WXUHLVDOVRYHU\H[WHQVLYHPDLQO\WKURXJKWKHXVHRI
QDQRVFDOHIHUWLOL]HUVSHVWLFLGHVIHHGJURZWKUHJX
ODWRUVHQYLURQPHQWDOPRGLILHUVHWF1DQRPDWHULDOV
FDQRYHUFRPHWKHGLVDGYDQWDJHVRIWUDGLWLRQDODJUL
FXOWXUDOSURGXFWLRQLQWKHSURFHVVRIFURSSURGXFWLRQ
DJULFXOWXUDO DQG VLGHOLQH SURGXFWV SURFHVVLQJ DJUL
FXOWXUDOHQYLURQPHQWDOLPSURYHPHQWDQGRWKHUSUR
FHVVHV7KHGUDZEDFNVDUHWKDWLWZLOOVDYHSURGXF
WLRQFRVWVLPSURYHWKHDJULFXOWXUDOSURGXFWLRQHQYL
URQPHQWLQFUHDVHWKHTXDOLW\RIDJULFXOWXUDOSURGXFWV
DQGSURGXFWLRQHIILFLHQF\HQVXUHIRRGVDIHW\UHGXFH
DQG FRQWURO HQYLURQPHQWDO SROOXWLRQ DQG PDLQWDLQ
WKHHFRORJLFDOHQYLURQPHQW>@7KLVDUWLFOHUHYLHZV
WKHUROHDQGDGYDQWDJHVRIQDQRPDWHULDOVLQDJULFXO
WXUHDQGVXPPDUL]HVWKHRWKHUHIIHFWVRIQDQRPDWHUL
DOVLQWKHJURZWKRIFURSVDQGWKHSURFHVVLQJRIDJ
ULFXOWXUDOSURGXFWV

ABSTRACT
As a new type of material, nanomaterials are
used in various fields, and its application in the field
of agriculture is gradually deepening. This article reviews the roles and advantages of nanomaterials in
agricultural production, including the use of nanomaterials as fertilizers, pesticides, plant growth regulators and animal feed additives, sterilization, packaging materials, environmental improvements and
so on, and made recommendations for the study of
the application of nanomaterials in agriculture.

.(<:25'6
1DQRPDWHULDOVDJULFXOWXUDOSURGXFWLRQHIIHFWDGYDQWDJH

INTRODUCTION
1DQRPDWHULDOV UHIHU WR PDWHULDOV WKDW KDYH DW
OHDVWRQHGLPHQVLRQLQWKHWKUHHGLPHQVLRQDOVSDFH
ZLWKLQWKHUDQJHRIWRQDQRPHWHUVRUPDWHULDOV
WKDWDUHPDGHXSRIQDQRPDWHULDOVDVWKHEDVLFXQLW
:LWK WKH GHYHORSPHQW RI QDQRWHFKQRORJ\ LWV LP
SRUWDQFHIRUWKHGHYHORSPHQWRIVFLHQFHDQGWHFKQRO
RJ\ KDV JUDGXDOO\ EHFRPH SURPLQHQW &RXQWULHV LQ
WKH ZRUOG KDYH DWWDFKHG JUHDW LPSRUWDQFH WR QDQR
WHFKQRORJ\ DQG FRQGXFWHG UHODWHG UHVHDUFK 1DQR
PDWHULDOVDUHDQLPSRUWDQWEDVLVDQGUHVHDUFKREMHFW
IRU WKH GHYHORSPHQW RI QDQRWHFKQRORJ\ 2YHU WKLV
\HDUVFLHQWLVWVLQRXUFRXQWU\KDYHPDGHUHPDUNDEOH
DFKLHYHPHQWVLQWKHILHOGRIQDQRPDWHULDOVPDNLQJ
RXUFRXQWU\RFFXS\DSLYRWDOSRVLWLRQLQWKLVILHOG
0RVWRIWKH QDQRPDWHULDOVDUH DUWLILFLDOO\SUH
SDUHGEXWLQDUWLILFLDOQDQRPDWHULDOVDUHDOVRZLGHO\
IRXQGLQQDWXUHVXFKDVLQRSDOPHWHRULWHVDQLPDO
WHHWKDQGPDULQHVHGLPHQWV7KHUHDUHPDQ\PHWK
RGVIRUFODVVLI\LQJQDQRPDWHULDOV&XUUHQWO\DFFRUG
LQJWRWKHLUGLPHQVLRQVQDQRPDWHULDOVFDQEHFODVVL
ILHGLQWRWKHIROORZLQJIRXUFDWHJRULHV=HURGLPHQ
VLRQDO QDQRPDWHULDOV WKDW DUH DOO RQ WKH QDQRVFDOH
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UHGXFHGDQGWKHXWLOL]DWLRQUDWHRISHVWLFLGHVFDQEH
LPSURYHG$WWKHVDPHWLPHXVHWKHQDQRPDWHULDOV
WRORDGSHVWLFLGHSDUWLFOHVWKURXJKWKHPLFURHQFDS
VXODWLRQWHFKQRORJ\WRDFKLHYHFRQWUROOHGUHOHDVHRI
GUXJVDQGSURORQJWKHHIIHFWLYHSHULRGFDQUHGXFHWKH
XVH RI SHVWLFLGHV WKXV DYRLGLQJ SHVWLFLGH DEXVH
FDXVHGIRRGVDIHW\LVVXHV&RPSDUHGZLWKWUDGLWLRQDO
SHVWLFLGHVXQGHUWKHSUHPLVHRIWKHVDPHSHVWFRQ
WURO HIIHFW FRPSUHKHQVLYH SURPRWLRQ RI WKH XVH RI
QDQRWHFKQRORJ\FDQUHGXFHWKHSHVWLFLGHGHOLYHU\RI
PRUH WKDQ  UHGXFH WKH WULSKHQ\O VROYHQW
 WRQV DQQXDO UHGXFH WKH SHVWLFLGH UHVLGXH
SROOXWLRQVLJQLILFDQWO\DQGLPSURYHHFRV\VWHP

ROLE OF NANOMATERIALS IN
AGRICULTURAL PRODUCTION
8VHGDVIHUWLOL]HU)HUWLOL]HUSOD\VDQLPSRUWDQW
UROHLQLPSURYLQJVRLOFRQGLWLRQVDQGLQFUHDVLQJFURS
\LHOGVDQGLVDQLQGLVSHQVDEOHLPSRUWDQWPDWHULDOLQ
WKH DJULFXOWXUDO SURGXFWLRQ SURFHVV &RQYHQWLRQDO
FKHPLFDO IHUWLOL]HUV DUH JHQHUDOO\ XVHG +RZHYHU
WKHUHDUHPDQ\SUREOHPVZLWKWKHXVHRIVXFKIHUWL
OL]HUV 6XFK RI WKH RYHUDOO XWLOL]DWLRQ UDWH LV ORZ
ZKLFKLQFUHDVHVSURGXFWLRQFRVWVZDVWHVUHVRXUFHV
DQGFDXVHVHQYLURQPHQWDOSROOXWLRQ>@1DQRIHUWL
OL]HULVDEUDQGQHZIHUWLOL]HUIRUPHGE\QDQRPDWH
ULDOWHFKQRORJ\PRGLILHGE\FKHPLFDOPLFURHPXOVL
ILFDWLRQWHFKQRORJ\DQGFKHPLFDO PLFURHQFDSVXOD
WLRQ WHFKQRORJ\ DQG FKHPLFDO SRO\PHUL]DWLRQ LQ
FOXGLQJQDQRVWUXFWXUHGIHUWLOL]HUDQGQDQRPDWHULDOV
FRDWHGRUFHPHQWHGVORZFRQWUROOHGUHOHDVHIHUWLOL]
HUV>@1DQRIHUWLOL]HUVKDYHFKDUDFWHULVWLFVVXFKDV
ODUJHVSHFLILFVXUIDFHDUHDWKDWFDQHIIHFWLYHO\VROYH
WKHVHSUREOHPV

8VHG DV SODQW JURZWK UHJXODWRU 8QOLNH DQL
PDOFHOOVSODQWFHOOVKDYHFHOOZDOOVZLWKOLWWOHSKDJ
RF\WRVLV %HIRUH HQWHULQJ WKH SODQW FHOO WKH QDQR
PDWHULDO PXVW DFURVV WKH FHOO PHPEUDQH DQG WKH
SODVPD PHPEUDQH RI WKH FHOO 1DQRSDUWLFOHV ZLWK
VPDOOHU SRUH VL]HV FDQ SDVV WKURXJK DQG JHW WR WKH
SODVPD PHPEUDQH)RUH[DPSOHQPQ7L2 DQD
WDVH  FDQ SHQHWUDWH FHOO ZDOOV HQWHU SODQW FHOOV DQG
DFFXPXODWH LQ VSHFLILF VXEFHOOXODU ORFDWLRQV LQ DUD
ELGRSVLVURRWVDQGOHDYHV>@+RZHYHUQP7L2 
GRHVQRWSHQHWUDWHWKHFHOOZDOODQGWKXVDFFXPXODWHV
RQ WKH URRW VXUIDFH RI WKH FRUQ WKXV KLQGHULQJ WKH
ZDWHUFRQGXFWLYLW\DQGXWLOL]DWLRQRIWKHURRWV\VWHP
UHGXFLQJ WKH WUDQVSLUDWLRQ RI SODQWV DQG DIIHFWLQJ
SODQWJURZWKDQGGHYHORSPHQW>@7KHWUHDWPHQWRI
QDQRPDWHULDOVFDQHQKDQFHWKHYLWDOLW\RIVHHGVLQ
FUHDVHWKHDFWLYLW\RIYDULRXVHQ]\PHVLQSODQWVSUR
PRWHWKHJURZWKRISODQWURRWVLQFUHDVHWKHDEVRUS
WLRQRIZDWHUDQGIHUWLOL]HUE\SODQWVSURPRWHPHWDE
ROLVP DQG IXUWKHU LQFUHDVH WKH UHVLVWDQFH RI SODQWV
EDVHGRQWKHDJURQRPLFWUDLWVRIWKHRULJLQDOYDULHWLHV
,QVHFWV GLVHDVH UHVLVWDQFH DQG YDULRXV VWUHVV UH
VLVWDQFHFDSDELOLWLHVFDQLQFUHDVHSURGXFWLRQDQGLP
SURYHTXDOLW\
6RPH UHVHDUFKHUV IRXQG WKDW WKH GU\ PDWWHU
TXDOLW\ RI DPDUDQWKXV WULFRORU LQFUHDVHG E\ 
DQG  UHVSHFWLYHO\ DIWHU VSUD\LQJ WKH VDPH
DPRXQW RI VLOLFRQFRQWDLQLQJ QDQR GLDWRPDFHRXV
HDUWKDQGQ6L2$QGWKHWRWDODPRXQWRIDEVRUEHG
QLWURJHQSKRVSKRUXVDQGSRWDVVLXPLQFUHDVHGE\
DQG  UHVSHFWLYHO\ >@ Q7L2 SURPRWHV WKH
JURZWKRIURRWVDQGHPEU\RVRIEUDVVLFDQDSXVVHHG
OLQJV>@Q=Q2FDQVLJQLILFDQWO\LQFUHDVHWKHELR
PDVVRIF\DPRSVLVWHWUDJRQROREDSURPRWHWKHV\Q
WKHVLV RI FKORURSK\OO DQG SURWHLQ DQG LPSURYH WKH
UKL]RVSKHUHPLFURELDOSRSXODWLRQQDPHO\WKHDFWLY
LW\ RI DFLG SKRVSKDWDVH DONDOLQH SKRVSKDWDVH DQG
SK\WDVH>@6RPHUHVHDUFKHUVVWXGLHGWKHHIIHFWRI
QDQRFDUERQRQFRUQJURZWKDQGQXWULHQWXSWDNHDQG
IRXQGWKDWWKHDGGLWLRQRIQDQRFDUERQLQFUHDVHGWKH
FRQWHQW RI DONDOLK\GURO\]DEOH QLWURJHQ DYDLODEOH
SKRVSKRUXVSKRVSKRUXVDQGTXLFNDFWLQJSRWDVVLXP
QXWULHQWVLQVRLODQGSURPRWHWKHDFFXPXODWLRQRIQL
WURJHQSKRVSKRUXVSRWDVVLXPDQGRWKHUQXWULHQWVLQ

8VHGDVSHVWLFLGH,QWKHFRXUVHRIPRGHUQDJ
ULFXOWXUDOSURGXFWLRQSHVWLFLGHVDUHDQLQGLVSHQVDEOH
DQG LPSRUWDQW VXEVWDQFH XVHG WR SUHYHQW SHVWV DQG
HQVXUHIRRGSURGXFWLRQ7UDGLWLRQDOSHVWLFLGHVKDYH
PDQ\ GUDZEDFNV VXFK DV ODUJH DPRXQW RI RUJDQLF
VROYHQWV GXVW GULIW SRRU GLVSHUVLRQ HWF ZKLFK
FDXVHPRVWRIWKHSHVWLFLGHVWREHORVWLQWKHHQYLURQ
PHQWDQGOHVVWKDQRIWKHSHVWLFLGHVDFWRQWKH
WDUJHW VLWHV >@ UHVXOWLQJ LQ VHULRXV HQYLURQPHQWDO
SROOXWLRQ
2Q 1RYHPEHU   DW WKH ILUVW ,QWHUQD
WLRQDO&RQIHUHQFHRQ1DQRWHFKQRORJ\DQG6XVWDLQD
EOH$JULFXOWXUDO 'HYHORSPHQW &KLQHVH H[SHUWV DQ
QRXQFHGWKDWWKH\KDYHVXFFHVVIXOO\GHYHORSHGQHZ
IRUPXODWLRQVRIQDQRSHVWLFLGHVZKLFKLQGLFDWHVWKDW
&KLQD V QDQRDJULFXOWXUDO WHFKQRORJ\ KDV HQWHUHG D
QHZ VWDJH 1DQRPDWHULDOV DUH XVHG DV SHVWLFLGHV
ZKLFK XVH SODQWRULJLQ SHVWLFLGHV WR QDQRPHWHUL]H
SDUWLFOHVPDNHSDUWLDOVROLGSKDVHGHSRVLWLRQH[KLE
LWHGE\WKHRULJLQDOFRPSOH[FRPSRQHQWVRQHSDUWRI
WKHYRODWLOHRLOIORDWDQGDFRQVLGHUDEOHSDUWRIWKH
ZDWHULQVROXEOH KHWHURJHQHRXV V\VWHP EHFRPHV
KLJKO\ GLVSHUVHG 7KH VWDEOH KRPRJHQHRXV V\VWHP
ZKLFKLVYHU\VROXEOHLQZDWHUXQGHUJRHVPXWDWLRQV
LQLWVSK\VLFDOFKHPLFDODQGELRORJLFDOSURSHUWLHV
8VLQJQDQRWHFKQRORJ\WRSURPRWHFHOOZDOOGLVUXS
WLRQHIIHFWLYHOLSLGVROXEOHDQGZDWHUVROXEOHLQVHF
WLFLGDOVXEVWDQFHVFDQEHHIIHFWLYHO\UHOHDVHGDQGGL
UHFWO\DFWHGRQSHVWVJUHDWO\LPSURYLQJGUXJHIILFDF\
IXOO\LPSURYLQJWKHXVHRISHVWLFLGHVUHGXFLQJSHV
WLFLGH UHVLGXHV DQG UHGXFLQJ HQYLURQPHQWDO SROOX
WLRQ>@$QGQDQRWHFKQRORJ\FDQUHGXFHWKH SHVWL
FLGHSDUWLFOHVIURPȝPͧLQWUDGLWLRQDOͨ WRQP
7KHQDQRPDWHULDOKDVDVPDOOSDUWLFOHVL]HDQGDODUJH
VSHFLILFVXUIDFHDUHD:LWKWKHHIIHFWRIVPDOOVL]H
WKH DSSOLFDWLRQ DPRXQW RI SHVWLFLGHV FDQ EH IXOO\
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PDL]H>@
8VHQDQRPDWHULDOVWRWUHDWVHHGVFDQHIIHFWLYHO\
HQKDQFHWKHDFWLYLW\RIVHHGVLQFUHDVHWKHDFWLYLW\RI
YDULRXVHQ]\PHVLQWKHVHHGVDQGWKHQSURPRWHWKH
JURZWK RI SODQW URRWV LQFUHDVH SODQW DEVRUSWLRQ RI
ZDWHUDQGIHUWLOL]HUVSURPRWHPHWDEROLVPDQGIXU
WKHULPSURYHWKHDJURQRPLFWUDLWVRIWKHRULJLQDOYD
ULHWLHVVXFKDVHQKDQFHSODQW VUHVLVWDQFHWRLQVHFWV
GLVHDVHDQGDYDULHW\RIVWUHVVUHVLVWDQFHWRLQFUHDVH
SURGXFWLRQDQGLPSURYHTXDOLW\>@7KHSULQFLSOH
RIQDQRPDWHULDOVUHJXODWLQJSODQWJURZWKLVEHFDXVH
RI WKHLU VPDOO VL]H WKH\ FDQ HDVLO\ SHUPHDWH LQWR
VHHGVWKHUHE\LQFUHDVLQJWKHVHHG VDELOLW\RIXSWDNH
ZDWHU WKHUHE\ SURPRWLQJ WKH JHUPLQDWLRQ UDWH RI
VHHGV>@WKHSKRWRFKHPLFDOHIIHFWVRIVRPHQDQR
PDWHULDOVVXFKDV7L2FDQSURGXFHVXSHUR[LGHFRP
SRXQGV RI DFWLYH R[\JHQ VSHFLHV LQFUHDVH WKH UH
VLVWDQFH RI VHHGV DQG SURPRWH WKH UDSLG RI LQWDNH
PRLVWXUHDQGR[\JHQE\VHHGV>@
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OTHER BENEFICIAL EFFECTS OF
NANOMATERIALS IN AGRICULTURE
6WHULOL]DWLRQ DQG SKDUPDFHXWLFDO DFWLRQ
6RPHQDQRPDWHULDOVKDYHDQWLEDFWHULDODELOLW\VXFK
DVFDUERQQDQRWXEHVKDYHDQWLEDFWHULDOHIIHFWDJDLQVW
JUDPSRVLWLYHEDFWHULD>@DQGJUDPQHJDWLYHEDF
WHULD >@ DQG LW LV D EURDGVSHFWUXP DQWLEDFWHULDO
DJHQW7KHUHIRUHVRPHUHVHDUFKHUVKDYHWULHGWRXVH
FDUERQQDQRWXEHVIRUWKHSUHYHQWLRQDQGWUHDWPHQWRI
SODQWGLVHDVHV$IWHUF\WRWR[LFLW\H[SHULPHQWVLWZDV
IRXQGWKDWJUDSKHQHR[LGHLVQRWYHU\WR[LFWRPDP
PDOLDQFHOOV7KLVNLQGRIORZFRVWHDV\WRPDNHDQ
WLEDFWHULDOSDWFKKDVDYHU\VWURQJSUDFWLFDOSRWHQWLDO
>@6RPHVFLHQWLVWVKDYHIRXQGWKDWWKHXVHRI
JUDSKHQH R[LGH DV D SRWHQWLDO DQWLEDFWHULDO QDQR
PDWHULDOXVLQJORDGPRGLILHUVWRLPSURYHLWLQRUGHU
WRREWDLQOHVVLGHDODQG PRUHHIIHFWLYH LGHDOIXQJL
FLGH>@8SWRQRZWKHUHDUHWKUHHPDLQUHDVRQVIRU
WKHEDFWHULFLGDOHIIHFWRIJUDSKHQHWKHUHKDYHEHHQ
WKUHH PDLQVWUHDP RSLQLRQV  7KH HGJHV RI QDQR
PDWHULDOV GDPDJH WKH FHOO PHPEUDQH OLNH D EODGH
FDXVLQJ'1$51$DQGFHOOFRPSRQHQWVLQVLGHWKH
FHOO WR OHDN RXWRI WKH FHOO OHDGLQJ WR FHOO GHDWK 
7KHR[LGDWLYHSUHVVXUHJHQHUDWHGE\WKHPDWHULDOFDQ
EHGLYLGHGLQWRWZRW\SHVDFFRUGLQJWRZKHWKHUWKHUH
LVDFWLYHR[\JHQSURGXFWLRQ7KHR[LGDWLYHSUHVVXUH
JHQHUDWHGE\WKH PDWHULDOFDQR[LGL]H WKH HQ]\PHV
DQG SURWHLQV RI WKH EDFWHULDOFHOOV R[LGL]H '1$ WR
XQZLQGDQGEUHDNDQGDOVRR[LGL]HPLWRFKRQGULD
QDQRVKHHWVZUDSDQGZUDSDURXQGWKHFHOOPHPEUDQH
LVRODWLQJWKHEDFWHULDIURPWKHVXUURXQGLQJHQYLURQ
PHQW EORFNLQJ VRPH RI WKH LPSRUWDQW FKDQQHOV RQ
WKHFHOOPHPEUDQHVRWKDWWKHFHOOVFDQQRWH[FKDQJH
HQHUJ\ZLWKWKHLUVXUURXQGLQJV
,QUHFHQWGHFDGHVQDQRPHGLFLQHKDVGHYHORSHG
UDSLGO\DQGKDVDVHULHVRIDFKLHYHPHQWV7KHPDLQ
W\SHVRIQDQRPHGLFLQHVDUHQDQRFU\VWDOVQDQRSRO\
PHUVOLSLGQDQRGUXJGHOLYHU\V\VWHPVDQGSRO\PHU
QDQRGUXJGHOLYHU\V\VWHPV>@&RPSDUHGZLWKWUD
GLWLRQDO GUXJV QDQRPHGLFLQHV KDYH PDQ\ DG
YDQWDJHV'XHWRWKHLUVPDOOVL]HODUJHVXUIDFHDUHD
KLJKVXUIDFHDFWLYLW\DQGVWURQJDGVRUSWLRQFDSDFLW\
QDQRPHGLFLQHV KDYH WKH IROORZLQJ DGYDQWDJHV 
+LJKO\ WDUJHWHG WKDW PHDQV QDQRPHGLFLQHV FDQ GL
UHFWDFFHVVWRVSHFLILFWLVVXHVDIWHUGUXJDGPLQLVWUD
WLRQ+LJKSHUIRUPDQFHWKDWFDQH[WHQGWKHUROHRI
GUXJVLQWKHERG\WLPHXQGHUWKHSUHPLVHRIHQVXULQJ
HIILFDF\ FDQ UHGXFH WKH DPRXQW UHGXFH WR[LF DQG
VLGHHIIHFWV+LJKXWLOL]DWLRQWKDWLVPHDQVLPSURYH
WKHVROXELOLW\RILQVROXEOHGUXJVWRLPSURYHGUXJDE
VRUSWLRQ8WLOL]DWLRQ>@

5ROHLQWKHSURFHVVLQJRIDJULFXOWXUDOSURG
XFWV 1DQRIRRG UHIHUV WR IRRGV WKDW XVH QDQRWHFK
QRORJ\PHDQVRUWRROVGXULQJSURGXFWLRQSURFHVVLQJ
RUSDFNDJLQJ>@1DQRIRRGQRWRQO\PHDQVIRRGV
PDGHIURPDWRPLFPRGLILHGIRRGVRUQDQRGHYLFHV
EXWQDQRWHFKQRORJ\WKDWUHSURJUDPVPROHFXOHVDQG
DWRPV LQ IRRGV WR QDQRVFDOH RUJDQLF FRPSRQHQWV
VXFKDVFDUERK\GUDWHVSURWHLQVDQGOLSLGVLQIRRGV
7KLVFDQLQFUHDVHWKHDEVRUSWLRQUDWHRIVRPHLQJUH
GLHQWVJUHDWO\DFFHOHUDWHWKHWUDQVSRUWRIQXWULHQWVLQ
WKH ERG\ DQG SURORQJ WKH VKHOI OLIH RI IRRGV >@
1DQRIRRGVKDYHWKHIXQFWLRQVRILQFUHDVLQJWKHQX
WULWLRQRIDJULFXOWXUDOSURGXFWVLQFUHDVLQJWKHELRD
YDLODELOLW\ RI DJULFXOWXUDO SURGXFWV LPSURYLQJ WKH
WDVWHWH[WXUHDQGVWDELOLW\RIIRRGDQGPDVNLQJWKH
EDG VPHOO RI IRRGV ,Q JHQHUDO WKHUH DUH WZR PDLQ
ZD\VWRSURFHVVIRRGVLQWRQDQRSDUWLFOHV2QHLVWR
XVHYDULRXVPDFKLQHVVXFKDVKRPRJHQL]HUVXOWUD
VRQLFPLOOVEDOOPLOOVDQGUXEEHUPLOOVWRSURFHVV
UDZ PDWHULDOV LQWR QDQRPHWHUVL]HG SDUWLFOHV 7KH
VSHFLHVLVIRUPHGE\VSRQWDQHRXVSRO\PHUL]DWLRQRI
VPDOO PROHFXOHVWRJHQHUDWH QDQRSDUWLFOHV,QDGGL
WLRQWUDFHHOHPHQWVVXFKDVDGGLWLYHVHQ]\PHVSLJ
PHQWV DQG QXWULWLRQDO VXSSOHPHQWV LQ IRRGV DUH
QDQRVL]HG E\ WHFKQLTXHV VXFK DV PLFURHQFDSVXOD
WLRQDQGHPEHGGLQJZKLFKFDQUHWDLQWKRVHFRPSR
QHQWVWKDWDUHEHQHILFLDOWRWKHKXPDQERG\DQGUH
GXFHWKHDPRXQWRIDGGLWLYHV>@1DQRIRRGVLQFOXGH
WKH PLQHUDOSUHSDUDWLRQVVXFKDV FDOFLXPVHOHQLXP
DQGRWKHUPLQHUDODQGDOVRYDULRXVIXQFWLRQDOIRRGV
VXFKDVYLWDPLQSUHSDUDWLRQVFDOFLXPPLONDQGVR\
PLON VXSSOHPHQWHG ZLWK QXWULHQWV QDQRWHD DQG VR
RQ>@

$QLPDOIHHGDGGLWLYHV,QWKHSURFHVVRIIHHG
LQJDQLPDOVIRGGHULVDQLQGLVSHQVDEOHUDZPDWHULDO
LQSXW +RZHYHU WKH ORZ IHHG XWLOL]DWLRQ HIILFLHQF\
LQFUHDVHVSURGXFWLRQFRVWVDQGFDQOHDGWRHQYLURQ
PHQWDOSROOXWLRQ$FFRUGLQJWRWKHQXWULWLRQDOQHHGV
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PDWHULDOVVXFKDVQ\ORQQDQRFOD\KDVEHHQDSSOLHGLQ
IRRGSDFNDJLQJLWKDVKLJKVWUHQJWKDQGWKHUPDOVWD
ELOLW\DQGVRRQ,QUHFHQW\HDUVQHZQDQRSDFNDJLQJ
PDWHULDOVVXFKDVELRGHJUDGDEOHQDQRFRPSRVLWHVDQG
HGLEOHQDQRFRPSRVLWHVKDYHDOVREHHQUHSRUWHGDQG
DSSOLHG>@

RIDQLPDOVWKHXVHRIQDQRPDWHULDOVWRLPSURYHIHHG
IRUPXODWLRQVFDQVLJQLILFDQWO\LQFUHDVHWKHELRDYDLO
DELOLW\ RI QXWULHQWV DQG WUDFH HOHPHQWV LQ IHHG LQ
FUHDVH WKH \LHOG DQG TXDOLW\ RI DQLPDO SURGXFWV
>@$QG GXH WR WKH EDFWHULFLGDO HIIHFW RI QDQR
PDWHULDOVLQIHHG,WFDQDOVRDGVRUEWR[LFVXEVWDQFHV
RU DGVRUE DQG NLOO SDWKRJHQV WKHUHE\ UHGXFLQJ WKH
ULVNRIGLVHDVHVRIOLYHVWRFNDQGSRXOWU\DQGDTXDWLF
DQLPDOVUHGXFLQJWKHUHVLGXHVRIWR[LFDQGKD]DUG
RXV VXEVWDQFHV LQ PHDW DQG JUHDWO\ LPSURYLQJ WKH
VDIHW\DQGTXDOLW\RIOLYHVWRFNDQGSRXOWU\SURGXFWV
:KLOHDIILUPLQJWKHDGYDQWDJHVRIQDQRIHHGVDQGDG
GLWLYHVZHPXVWDOVRSD\DWWHQWLRQWRWKHVDIHW\HYDO
XDWLRQRIQDQRIHHGVDQGDGGLWLYHV%HFDXVHRIWKHQD
WXUHRIQDQRPDWHULDOVUHODWHGWRWKHLUVL]HFRPSRVL
WLRQ DQG VKDSH WKH HIIHFW RI ELRORJLFDO V\VWHPV RQ
WKHPHWDEROLVPRIQDQRVWUXFWXUHGPDWHULDOVLVGLIIL
FXOWWRSUHGLFW$WWKHSUHVHQWVWDJHLWLVQRWVXIILFLHQW
WRUHVHDUFKRQWKHVDIHW\RIQDQRIHHGDGGLWLYHVHV
SHFLDOO\WKHV\VWHPDWLFWR[LFRORJ\UHVHDUFKLVDOPRVW
EODQN7KHUHIRUHZKLOHFRQGXFWLQJUHVHDUFKDQGGH
YHORSPHQWRIQDQRIHHGVDQGDGGLWLYHVZHPXVWDOVR
FDUU\RXWDSSURSULDWHVDIHW\HYDOXDWLRQVVXFKDVWKH
F\WRWR[LFLW\VWXGLHVRIQDQRDGGLWLYHVDQGDQLPDORUDO
WR[LFLW\VWXGLHVWRHQVXUHIRRGVDIHW\

8VHG IRU DJULFXOWXUDO HQYLURQPHQWDO LP
SURYHPHQW,QWKHSURFHVVRIDJULFXOWXUDOSURGXFWLRQ
LQDSSURSULDWH XVH RI FKHPLFDO GUXJV H[FUHPHQW RI
OLYHVWRFNDQGSRXOWU\HWFZLOOFDXVHVRLOSROOXWLRQ
ZDWHUSROOXWLRQHXWURSKLFDWLRQDQGKDUPIXOJDVSRO
OXWLRQZKLFKKDYHEHFRPHPDLQIDFWRUVWRUHVWULFWLQJ
WKHVXVWDLQDEOHGHYHORSPHQWRIDJULFXOWXUDOSURGXF
WLRQ>@%HFDXVHRILWVODUJHVXUIDFHDUHDDQGDYDUL
HW\RIIXQFWLRQDOJURXSVWKDWFDQEHPRGLILHGQDQR
PDWHULDOVFDQVWUHQJWKHQDYDULHW\RILQWHUIDFLDOUHDF
WLRQVVXFKDVVXUIDFHDGVRUSWLRQRIKHDY\PHWDOLRQV
DQGRUJDQLFSROOXWDQWVVSHFLILF DGVRUSWLRQDQGHQ
KDQFHGUHGR[UHDFWLRQVPDNLQJLWHDV\WRFRPELQD
WLRQZLWKSROOXWDQWVVXFKDVRUJDQLFFRPSRXQGVDQG
KHDY\PHWDOLRQVLQWKHHQYLURQPHQWWKLVPDGHWKH
DSSOLFDWLRQRIQDQRPDWHULDOVLQWKHUHVHDUFKRIUHPH
GLDWLRQ RI HQYLURQPHQWDO SROOXWLRQ EHFRPH KDYH
PRUHDQGPRUHDWWHQWLRQ>@&DUERQQDQRWXEHVDUH
D QHZ W\SH RI DGVRUSWLRQ PDWHULDO ,Q UHFHQW \HDUV
FDUERQQDQRWXEHVKDYHEHHQJUDGXDOO\DSSOLHGWRWKH
DGVRUSWLRQRIRUJDQLFSROOXWDQWVLQZDVWHZDWHU>@
FDUERQ QDQRWXEHV KDYH ODUJH VSHFLILF VXUIDFH DUHD
VWURQJK\GURSKRELFVXUIDFHDQGFRQMXJDWHG ʌHOHF
WURQ V\VWHPV 7KHVH FKDUDFWHULVWLFV PDNH FDUERQ
QDQRWXEHV KDYH D VWURQJ DGVRUSWLRQ DIILQLW\ IRU RU
JDQLF DQG LQRUJDQLF VXEVWDQFHV 7KHUHIRUH FDUERQ
QDQRWXEHV DUH D JRRG DGVRUEHQW PDWHULDO DQG KDYH
EURDGDSSOLFDWLRQSURVSHFWVLQZDVWHZDWHUWUHDWPHQW
>@6RPHVFLHQWLVWV VWXGLHVKDYHVKRZQWKDWFDUERQ
QDQRWXEHV KDYH JRRG DGVRUSWLRQ FDSDFLW\ IRU GLYD
OHQW KHDY\ PHWDO LRQV &X =Q 3E &G DQG
&R LQZDWHUDQGWKH\KDYHDFHUWDLQUHJHQHUDWLYH
FDSDFLW\DQGUHJHQHUDWLRQGRHVQRWDIIHFWWKHDGVRUS
WLRQHIIHFW,WIDFLOLWDWHVWKHUHF\FOLQJRIFDUERQQDQR
WXEHV >@$OWKRXJK FDUERQ QDQRWXEHV KDYH PDQ\
DGYDQWDJHVWKHUHDUHVRPHSUDFWLFDOSUREOHPVVXFK
DV WKH GLIILFXOW\ RI UHFRYHU\ RI FDUERQ QDQRWXEHV
IURPDTXHRXVVROXWLRQSRRUVHOHFWLYLW\RIDGVRUSWLRQ
DQG HDV\ DJJUHJDWLRQ DQG SUHFLSLWDWLRQ 7KHUHIRUH
EHIRUH WKH FDUERQ QDQRWXEHV DUH DSSOLHG WR DGVRUE
DQGUHPRYHFRQWDPLQDQWVLQZDWHUWKHVXUIDFHRIWKH
FDUERQQDQRWXEHVQHHGVWREHPRGLILHGDQGWKHVXU
IDFH PRGLILFDWLRQ LV PDLQO\ WKURXJK WKH FKDQJH RI
WKHIXQFWLRQDOJURXSVRIWKHFDUERQQDQRWXEHVWKHP
VHOYHV DQG WKH FRPSRVLWH PDWHULDOV IRUPHG ZLWK
RWKHU PDWHULDOV &DUERQ QDQRWXEHV QRW RQO\ KDYH
JRRGDGVRUSWLRQFDSDFLW\IRUKHDY\PHWDOLRQVEXW
DOVRKDYHVWURQJDGVRUSWLRQFDSDFLW\IRURUJDQLFVXE
VWDQFHV 7KH DGVRUSWLRQ HIIHFW RI PXOWLZDOOHG FDU
ERQQDQRWXEHVRQRUJDQLFSROOXWDQWVͫGLFKORUR
EHQ]HQHLQZDWHULVPXFKEHWWHUWKDQWKDWRIDFWLYDWHG

8VHGDVSDFNDJLQJPDWHULDO7KHUHVHDUFKDQG
DSSOLFDWLRQ RI QDQRPDWHULDOV IRU IRRG SDFNDJLQJ LV
RQHRIWKHFXUUHQWUHVHDUFKKRWVSRWVDQGLWLVDOVRRQH
RIWKHPRVWHIIHFWLYHZRUNVLQWKHSUDFWLFDODSSOLFD
WLRQRIQDQRPDWHULDOVLQUHFHQW\HDUV1DQRSDFNDJ
LQJPDWHULDOPDLQO\UHIHUVWRWKHDSSOLFDWLRQRIQDQ
RWHFKQRORJ\WKURXJKWKHQDQRV\QWKHVLVRISDFNDJ
LQJSURGXFWVQDQRDGGLQJQDQRPRGLILHGVRWKDWLW
KDVDFHUWDLQFKDUDFWHULVWLFRUIXQFWLRQRIDWRWDORI
SDFNDJLQJPDWHULDOV>@,QWKHILHOGRIIRRGSDFN
DJLQJ WKH PRVW VWXGLHG QDQRSDFNDJLQJ PDWHULDOV
DUHSRO\PHUEDVHGQDQRFRPSRVLWHV 310& FRP
PRQO\XVHGDJJUHJDWHVDUH3$333(39&3(7
/&3HWF7KHFRPPRQO\XVHGQDQRPDWHULDOVDUH,Q
RUJDQLF DQG RUJDQLF FRPSRQHQWV VXFK PHWDOV DUH
FRPSRXQGHGZLWKKLJKPROHFXODUSRO\PHUVDQGQD
QRPDWHULDOVE\DWHFKQLTXHVXFKDVDELVPXWKOD\HU
FRPSRVLWH >@ &RPSDUHG ZLWK JHQHUDO PDWHULDOV
QDQRFRPSRVLWHV XVHG LQ IRRG SDFNDJLQJ PDWHULDOV
KDYH WKH DGYDQWDJH WKDW WKH PLFURFRVPLF VWUXFWXUH
DIWHUILOPIRUPDWLRQLVOLNHDVKUHGGHGSDSHUVKHHW
ZKLFKLVVXSHULPSRVHGRQHE\RQHRQWRPDFURPROH
FXOHVDQGDUUDQJHGDORQJWKHVXUIDFHRIWKHILOP7KLV
UHGXFHVWKHJDVWUDQVPLVVLRQUDWHDQGLPSURYHVWKH
PDWHULDO V EDUULHU FDSDELOLW\ >@ ,Q WKLV ZD\ WKH
QDQRSDFNDJLQJPDWHULDOKDVWKHDGYDQWDJHVRIDQWL
EDFWHULDO ORZ R[\JHQ SHUPHDELOLW\ ORZ ZDWHU SHU
PHDELOLW\ DQG FDUERQ GLR[LGH EDUULHU DQG KDV PH
FKDQLFDOSURSHUWLHVVXFKDV VWURQJWRXJKQHVVDEUD
VLRQ UHVLVWDQFH KHDW UHVLVWDQFH KLJK WUDQVSDUHQF\
DQWLPDJQHWLF H[SORVLRQSURRI DQG RWKHU SK\VLFDO
DQGFKHPLFDOSURSHUWLHV$QHZW\SHRIDQWLEDFWHULDO
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FKDUDFWHULVWLFFRPSRXQGVSURGXFHGE\SODQWVGXHWR
GLVHDVHVVRWKDWGUXJVRUIHUWLOL]HUVFDQEHDSSOLHGRQ
GHPDQGSULRUWRDODUJHVFDOHRXWEUHDNRIWKHGLVHDVH
>@6RIDUQDQRPHWHUGHWHFWLRQHTXLSPHQWIRUSRUW
DEOH OLYHVWRFN DQG SRXOWU\ IRRWDQGPRXWK GLVHDVH
YLUXVDQGVDOPRQHOODWRSKLKDVEHHQGHYHORSHG>@
,QWKHIXWXUHLWLVH[SHFWHGWRXVHQDQRWHFKQRORJ\WR
GHYHORS LPSODQWDEOH RU ZHDUDEOH GHWHFWLRQ HTXLS
PHQW WR PRQLWRU WKH KHDOWK VWDWXV RI OLYHVWRFN DQG
SRXOWU\LQUHDOWLPHDQGWRJUHDWO\VLPSOLI\WKHDQL
PDOGLVHDVHGHWHFWLRQSURFHVV>@1DQRVHQVRUVFDQ
DOVR GHWHFW SHVWLFLGH UHVLGXHV DQG ZDWHU FRQWDPL
QDQWV ZLWKKLJKVHQVLWLYLW\ORZGHWHFWLRQOLPLWVX
SHUVHOHFWLYLW\DQGUDSLGUHVSRQVH)RUH[DPSOHELR
VHQVRUEDVHGQDQRVHQVRUVFDQEHXVHGIRUWKHGHWHF
WLRQRIRUJDQFKORULQHRUJDQSKRVSKRUXVDQGFDUED
PDWHSHVWUHVLGXHV>@DUDSLGGHWHFWLRQPHWKRG
IRUWKHKHUELFLGHGLXURQDQGDQHOHFWURFKHPLFDODQDO
\VLVPHWKRGIRUWKHGHWHFWLRQRISDUDTXDWZHUHHVWDE
OLVKHGE\XVLQJPXOWLZDOOHGFDUERQQDQRWXEHVPRG
LILHGJODVV\FDUERQHOHFWURGH 0:&17V*&  &DU
ERQ QDQRWXEH PRGLILHG HOHFWURGH FDQ QRW RQO\ EH
XVHGWRGHWHFWSHVWLFLGHUHVLGXHVEXWDOVRFDQEHXVHG
WRGHWHFWWKHW\SHDQGFRQWHQWRIKHDY\PHWDOVVXFK
DVXVHWKHPXOWLZDOOHGFDUERQQDQRWXEHVPRGLILHG
HOHFWURGHFDQGHWHFW&GDQG3EFRQWHQWLQZDWHU
ZLWKRXWPHUFXU\ILOP7KLVHOHFWURGHLVVWDEOHDQGVH
OHFWLYH>@3UHFLRXVPHWDOQDQRV\VWHPVFDQEH
XVHG WR GHWHFW DQG UHPRYH FRQWDPLQDQWV VXFK DV
GUXJV DQG G\HV LQ ZDWHU >@ VXFK DV WKH XVH RI
QDQRJROGEDVHGLPPXQRVHQVRUVIRUWKHGHWHFWLRQRI
ZKHDW,QGLDQVPXWEHFDXVHRILWVPRUSKRORJLFDODQG
RWKHUVSRUHV>@7KHVSKDHUR]RLWHVRIVPXWIXQJXV
DUHVLPLODULQVWUXFWXUHDQGGLIILFXOWWRGLVWLQJXLVKE\
FRQYHQWLRQDO PHWKRGV7KH 1DQRJROGEDVHG ODWHUDO
IORZLPPXQRDVVD\WHVWFDQLQVLWXGHWHFWWHOLRVSRUHV
RIZKHDWLQGLFDVPXWZLWKKLJKGHWHFWLRQVHQVLWLYLW\
DQG ILYH WHOLRVSRUHV FDQ EH GHWHFWHG XVLQJ WKH WHVW
VWULS8VLQJWKLVWHVWPHWKRGLQIHFWHGVHHGVFDQEH
GHWHFWHG DQG WUHDWHG EHIRUH VRZLQJ WR HQVXUH WKH
\LHOGRIZKHDW7KHHDUO\GHWHFWLRQRIWKHGLVHDVHFDQ
JUHDWO\UHGXFHWKHORVV7KHQDQRGLDJQRVLVWHFKQRO
RJ\FDQDFKLHYHKLJKVSHFLILFLW\DQGVHQVLWLYLW\DQG
FDQTXLFNO\VWDEO\DQGVLPXOWDQHRXVO\GHWHFWPXOWL
SOHWDUJHWV$OWKRXJKWKHVHVHQVRUV\VWHPVDUHVWLOODW
WKHEDVLFOHYHORIUHVHDUFKZLWKWKHGHYHORSPHQWRI
QDQRVHQVRUVDQGWKHGHYHORSPHQWRIPRQLWRULQJDQG
GLDJQRVWLF HTXLSPHQW WKDW FDQ EH XVHG RQ D ODUJH
VFDOHLQDJULFXOWXUDOSURGXFWLRQVLWHV6RWKDWLVJUHDW
VLJQLILFDQFHIRULPSURYLQJDJULFXOWXUDOSURGXFWLYLW\
DQG UHGXFLQJ WKH XVH RI SHVWLFLGHV IHUWLOL]HUV DQG
YHWHULQDU\GUXJV

FDUERQ>@DQGLWVDGVRUSWLRQFDSDFLW\IRUGLR[LQV
LVDOVRVLJQLILFDQWO\KLJKHUWKDQWKDWRIDFWLYDWHGFDU
ERQDQGȖ$O2>@,QDGGLWLRQQLWULFDFLGFLWULF
DFLG DQG SRWDVVLXP SHUPDQJDQDWH WUHDWHG FDUERQ
QDQRWXEHVKDYHDVWURQJHUDGVRUSWLRQFDSDFLW\WKDQ
XQWUHDWHGFDUERQQDQRWXEHV>@
1DQR]HURYDOHQW LURQ FDQ UHSDLU VRLO DQG
JURXQGZDWHU FRQWDPLQDWHG E\ RUJDQLF VXEVWDQFHV
VXFKDV3&%V''7HWF>@Q7L2SKRWRFDWD
O\WLFVXEVWDQFHVKDYHVWURQJFKHPLFDOUHDFWLYLW\ZLWK
R[\JHQDQGK\GUR[\OUDGLFDOVJHQHUDWHGE\XOWUDYLR
OHWLUUDGLDWLRQ,WFDQUHDFWZLWKEDFWHULDDQGRUJDQLF
PDWWHUWRSURGXFH&2DQG+2WKHUHE\GHFRPSRV
LQJSROOXWDQWVVXFKDVRUJDQLFFRPSRXQGVDQGEDFWH
ULD LQ WKH ZDWHU DQG VRLO HQYLURQPHQW >@7KH
DSSOLFDWLRQ RI WKHVH QDQRPDWHULDOV LQ DTXDFXOWXUH
SODQWWLVVXHFXOWXUHDQGOLYHVWRFNDQGSRXOWU\EUHHG
LQJFDQUHGXFHDJULFXOWXUDOQRQSRLQW VRXUFHSROOX
WLRQDQGDFKLHYHVXVWDLQDEOHGHYHORSPHQWRIDJULFXO
WXUDO SURGXFWLRQ $W SUHVHQW PRVW QDQRPDWHULDOV
XVHG IRU HQYLURQPHQWDO LPSURYHPHQW UHVHDUFK DUH
VWLOOLQH[SHULPHQWDOUHVHDUFKRUVPDOOVFDOHDSSOLFD
WLRQV'XHWRPDWHULDOFRVWDQGRWKHUIDFWRUVWKHUHLV
VWLOO D ORQJ ZD\ WR JR WR ODUJHVFDOH LQGXVWULDO SUR
GXFWLRQ DQG DSSOLFDWLRQV 7KHUHIRUH H[SORULQJ WKH
QDWXUDO QDQRUHPHGLDWLRQ PDWHULDOV LPSURYLQJ WKH
HIILFLHQF\RIHQYLURQPHQWDOLPSURYHPHQWVLPSOLI\
LQJWKHLPSURYHPHQWVWHSVDQGUHGXFLQJWKHFDSLWDO
LQYHVWPHQWDUHDOOWKHIRFXVHVRIIXWXUHUHVHDUFK
7KH HPHUJHQFH RI QDQRWHFKQRORJ\ KDV SUR
YLGHGD QHZ ZD\ IRUDWPRVSKHULFSXULILFDWLRQ7KH
DGGLWLRQRIQDQRFRPEXVWLRQFDWDO\VWVLQFRDOFRP
EXVWLRQFDQKHOSWKHFRDOWRIXOO\EXUQLPSURYHHQ
HUJ\HIILFLHQF\DQGSUHYHQWWKHJHQHUDWLRQRIKDUP
IXOJDVHV1DQRWHFKQRORJ\KDVSRWHQWLDODSSOLFDWLRQV
LQWKHHIILFLHQWXVHVWRUDJHDQGPDQXIDFWXUHRIHQ
HUJ\ &DUERQ QDQRWXEHV FDQ EH XVHG DV K\GURJHQ
VWRUDJH PDWHULDOV ZLWK D VWRUDJH FDSDFLW\ RI PRUH
WKDQPRUHWKDQWZLFHWKDWRIUDUHHDUWKVDQGFDQ
EHPDGHLQWRIXHOFHOOSRZHUHGDXWRPRELOHVHIIHF
WLYHO\ DYRLGLQJ DLU SROOXWLRQ FDXVHG E\ YHKLFOH H[
KDXVWHPLVVLRQV>@
,QDGGLWLRQQDQRWHFKQRORJ\FDQDOVREHXVHGLQ
JUHHQ PDWHULDOV HQYLURQPHQWDO SURWHFWLRQ DSSOL
DQFHV DQGHQYLURQPHQWIULHQGO\GHFRUDWLYH PDWHUL
DOVDQGVRRQ
8VHG DV PRQLWRU :LWK WKH GHYHORSPHQW RI
HOHFWURDQDO\WLFDO FKHPLVWU\ SHRSOH EHJDQ WR XVH
HOHFWURDQDO\WLFDO PHWKRGV WR GHWHFW SHVWLFLGH UHVL
GXHVDQGKDYHDJRRGHIIHFW1DQRWHFKQRORJ\LQWH
JUDWHVZLWKGLVFLSOLQHVVXFKDVHOHFWURQLFVDQGELRO
RJ\ WR SURGXFH QHZ DQG HIILFLHQW QDQRVHQVRUV IRU
UDSLGIRRGWHVWLQJSODQWSDWKRJHQGHWHFWLRQDQLPDO
HSLGHPLFGLDJQRVLVSHVWLFLGHUHVLGXHGHWHFWLRQDQG
ZDWHU SROOXWLRQ PRQLWRULQJ 1DQRPDWHULDOV FDQ EH
GLUHFWO\ PRGLILHG IRU WKH GHWHFWLRQ RI SODQW SDWKR
JHQVRUXVHGDVDUDSLGGLDJQRVWLFWRROWRGHWHFWWKH
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VHHGOLQJVDQGLQKLELWWKHJURZWKRIURRWVDQGVKRRWV
>@7KHUHIRUHLWLVQHFHVVDU\WRFDOFXODWHWKHGRVH
OLPLWRIWKHQDQRPDWHULDOEHIRUHLWLVSXWLQWRSURGXF
WLRQRQDODUJHVFDOHZKHQLWLVSXWLQWRSURGXFWLRQ
LWVKRXOGEHXVHGZLWKLQWKHGRVHUDQJH7L2KDVD
ZHDN LQKLELWRU\ HIIHFW RQ WKH JHUPLQDWLRQ UDWH RI
UDSHDQGFXFXPEHUDQGKDVDVLJQLILFDQWLQKLELWRU\
HIIHFWRQWKHJHUPLQDWLRQUDWHRIFRUQ>@,WFDQEH
VHHQ WKDW QRW DOO QDQRPDWHULDOV FDQ SURPRWH SODQW
JURZWK DQG VRPH QDQRPDWHULDOV ZLOO LQKLELW FURS
JURZWKDQGHYHQNLOOWKHURRWWLSFHOOV7KLVUHTXLUHV
IXUWKHU WHVWLQJ E\ UHOHYDQW UHVHDUFKHUV VR WKDW LQ
ODUJHVFDOHDJULFXOWXUDOSURGXFWLRQWKH QDQRPDWHUL
DOVXVHGFDQSURPRWHFURSJURZWKHIIHFWLYHO\

ADVERSE EFFECTS OF NANOMATERIALS
IN AGRICULTURAL PRODUCTION
PROCESS
7R[LF HIIHFWV 7R[LFRORJ\ LV D PHFKDQLVP IRU
VWXG\LQJWKHWR[LFRORJLFDOHIIHFWVRIQDWXUDORUV\Q
WKHWLF FRPSRXQGVDQGRWKHU IDFWRUVLQWKH HQYLURQ
PHQW RQ LQGLYLGXDO RUJDQLVPV SRSXODWLRQV DQG
FRPPXQLWLHVLQWKHHFRV\VWHP1DQRPDWHULDOVIORZ
LQWRWKHHQYLURQPHQWLQODUJHTXDQWLWLHVGXULQJSUR
GXFWLRQ DQG XVH DQG WKHUH PD\ EH SRWHQWLDO VDIHW\
LVVXHVGXHWRWKHLUVSHFLDOIHDWXUHVVXFKDVVPDOOVL]H
HIIHFWVDQGVXUIDFHHIIHFWV6WXGLHVKDYHVKRZQWKDW
QDQRPDWHULDOV FDQ DFFXPXODWH LQ PLFURRUJDQLVPV
GDPDJHWKHFHOOPHPEUDQHVDQGFHOOZDOOVRIPLFUR
RUJDQLVPV DQG HYHQ GDPDJH WKH '1$ RI PLFURRU
JDQLVPV >@ ,Q UHFHQW \HDUV WKH WR[LFRORJLFDO
HIIHFWVRIQDQRPDWHULDOVKDYHEHHQPDLQO\FRQFHUQHG
ZLWK WR[LFLW\ WR WKH HQYLURQPHQW >@ ,W LV PHDQV
YDULRXV NLQGV RI QDQRDJULFXOWXUDO LQSXW SURGXFWV
DQG HQYLURQPHQWDO LPSURYHPHQW UHSDLU PDWHULDOV
ZLOOFDXVHHFRORJLFDOHIIHFWVDQGWR[LFLW\WRWKHRU
JDQLVP DIWHU HQWHULQJ WKH HQYLURQPHQW LQ YDULRXV
ZD\V GXULQJ SURGXFWLRQ SUDFWLFDO DSSOLFDWLRQ DQG
GLVSRVDO1DQRDJULFXOWXUDOLQSXWVQDQRIRRGVDQG
QDQRIRRGSDFNDJLQJPDWHULDOVDUHLQFUHDVLQJO\XVHG
DQGVRPHQDQRSDUWLFOHVLQJHVWLQWRWKHKXPDQERG\
WKURXJKWKHGLJHVWLYHWUDFWZKLFKPD\DIIHFWWKHKX
PDQERG\>@:LWKWKHXVHRIYDULRXVQDQRDJ
ULFXOWXUDOLQSXWVLQDGGLWLRQWKHDSSOLFDWLRQRIQDQR
JHQHFDUULHUVLQDQLPDODQGSODQWJHQHWLFVDQGEUHHG
LQJKDVLQFUHDVHGDQGQDQRPDWHULDOVKDYHEHHQLQ
FRQWDFWZLWKDQLPDODQGSODQWFHOOVDQGKDYHHQWHUHG
FHOOVZLWKSRWHQWLDOGDPDJHDQGKDUPWRFHOOVDQGKH
UHGLW\>@$WSUHVHQWWKHLQWHUQDWLRQDOVWDQGDUGV
IRUHYDOXDWLQJWKHVDIHW\RIQDQRPDWHULDOVKDYH QRW
EHHQXQLILHG7KHHYDOXDWLRQPHWKRGVDQGV\VWHPVLQ
WKHOLWHUDWXUHDUHQXPHURXVDQGWKHW\SHVVL]HVDQG
DSSOLFDWLRQ UDQJHV RI PDWHULDOV DUH GLIIHUHQW DQG
WKHLUVDIHW\FDQQRWEHJHQHUDOL]HG7KHUHIRUHWKHVH
OHFWLRQ RI QRQWR[LF ELRFRPSDWLEOH ELRGHJUDGDEOH
QDQRPDWHULDOV VWXG\ LWV XVH GRVH SK\VLFRFKHPLFDO
SURSHUWLHV LWV PHFKDQLVP RI FURVVLQJ WKH FHOO ZDOO
DQGFHOOPHPEUDQHDQGLWVH[SRVXUHULVNLQGLIIHUHQW
HQYLURQPHQWV DQG FRQVWDQWO\ LPSURYH WKH VDIHW\
HYDOXDWLRQZRUNDQGXVHVSHFLILFDWLRQVDUHYHU\QHF
HVVDU\IRUWKHGHYHORSPHQWRIDJULFXOWXUDOQDQRWHFK
QRORJ\

PROBLEMS AND PROSPECTS
1DQRPDWHULDOVKDYHEHHQZLGHO\XVHGLQDJUL
FXOWXUDO SURGXFWLRQ IRRG SURFHVVLQJ DQLPDO KXV
EDQGU\DQGHFRORJLFDOHQYLURQPHQWSURWHFWLRQDQG
KDYH DFKLHYHG JRRG UHVXOWV +RZHYHU WKH DSSOLFD
WLRQRIQDQRPDWHULDOVLQDJULFXOWXUHLVVWLOODWDSUL
PDU\VWDJH>@7KHGLYHUVLILFDWLRQRIUHVHDUFKGL
UHFWLRQV DQG PDWHULDOV KDV PDGH WKH UHVHDUFK ZRUN
PRUHGLVSHUVHGDQGLQGHSWK7KHDGRSWLRQRIQDQR
PDWHULDOV LQ &KLQD V DJULFXOWXUDO VHFWRU KDV DOVR
PDLQO\H[LVWHGLQWKH DERYH DVSHFWV7KHUH DUH VWLOO
PDQ\JDSVWKDWQHHGWREHVWXGLHGE\UHVHDUFKHUVLQ
WKHIXWXUH'XHWRWKHIDFWWKDWWKHUHVHDUFKZRUNLV
QRWV\VWHPDWLFHQRXJKLQWHUPVRIWKHRU\WKHFRVWRI
PDWHULDOV SURGXFWLRQ HTXLSPHQW DQG RWKHU IDFWRUV
VRPHVWXGLHVKDYHRQO\DFKLHYHGJRRGUHVXOWVLQWKH
ODERUDWRU\VWDJHDQGLVVWLOOGLVWDQFHIURPODUJHVFDOH
ILHOGDSSOLFDWLRQV
,W LV ZHOO NQRZQ WKDW FDUERQ QLWURJHQ SKRV
SKRUXVDQGRWKHUHOHPHQWVDUHHVVHQWLDOHOHPHQWVIRU
SODQWJURZWKDQGDUH DOVRHVVHQWLDOHOHPHQWV LQWKH
FRPSRVLWLRQRIVRLO7KHV\QWKHVLVRIFDUERQQLWUR
JHQ SKRVSKRUXV DQG SRWDVVLXP KDV DQ HIIHFW RQ
SODQWVRUVRLO7KHUHDUHPDQ\VWXGLHVRQQDQRVFDOH
FDUERQSKRVSKRUXVSKRVSKRUXVDQGSRWDVVLXP7KH
UDWLRRIFDUERQQLWURJHQDQGSKRVSKRUXVLQIHUWLOL]HU
LV DQ LPSRUWDQW IDFWRU DIIHFWLQJ SODQW JURZWK 7KH
VXLWDEOH UDWLR RI FDUERQ QLWURJHQ DQG SKRVSKRUXV
ZLOOSURPRWHSODQWJURZWKDQGDOVRPDNHWKHVRLOIHU
WLOH,QWKHIXWXUHZHFDQVWXG\QDQRVFDOHFDUERQ
QLWURJHQSKRVSKRUXVDGMXYDQWVZKLFKZLOOQRWSRO
OXWHFURSVDQGVRLOEXWDOVRLQFUHDVHFURS\LHOGDQG
IHUWLOHVRLO1DQRPHWDOVKDYHDOVREHHQWULHGDVDQ
DGMXYDQWIRUWUHDWLQJFURSGLVHDVHVDQGNLOOLQJSHVWV
,QWKHIXWXUHLWLVSRVVLEOHWRFRQWLQXH UHVHDUFKRQ
LQVHFWLFLGHVVXFKDVQDQRLURQDVDQDGMXYDQWZKLFK
LVH[WUHPHO\VPDOOLQDPRXQWDQGHDVLO\GLUHFWO\DS
SOLHGWRWKHSUREOHPVLWHGXHWRLWVVPDOOVL]H
7KHUHIRUHLQGHSWKUHVHDUFKRQWKHDJULFXOWXUDO
PHFKDQLVPRIQDQRPDWHULDOVDQGEHHQFORVHLQWHJUD
WLRQZLWKWKHDFWXDOVLWXDWLRQRIDJULFXOWXUDO

,PSDFWRQFURSJURZWK1DQRPDWHULDOVGRQRW
KDYH DQ XQOLPLWHG HIIHFW RQ WKH JURZWK RI SODQWV
6RPH QDQRPDWHULDOV VXFK DV WKH QDQRPDWHULDOV =Q
DQG=Q2ZKLFKH[FHHGWKHUHFRPPHQGHGGRVHZLOO
LQKLELWWKHURRWJURZWKRIWKHFURS>@WKHTXDQWXP
GRWPDWHULDO&G6HZLOODOVRLQKLELWWKH JHUPLQDWLRQ
UDWH RI WKH FURS >@ +ROORZ PXOWLZDOOHG FDUERQ
QDQRWXEHV )HILOOHG FDUERQ QDQRWXEHV DQG )H&R
ILOOHG FDUERQ QDQRWXEHV KDYH WR[LF HIIHFWV RQ ULFH
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),*85(
7KHHIIHFWRI1DQRPDWHULDOVLQDJULFXOWXUDOSURGXFWLRQ
[6] =KDQJ ')  $SSOLFDWLRQ RI 1DQRWHFK
SURGXFWLRQ DQG DFFHOHUDWHG LQGXVWULDOL]DWLRQ RI UH
QRORJ\ LQ $JULFXOWXUH +HLORQJ MLDQJ $JULFXO
VHDUFKUHVXOWVFDQHQDEOHWKHGHYHORSPHQWDQGDSSOL
WXUDO6FLHQFHV  
FDWLRQRIQDQRPDWHULDOV WRKDYH D EURDGHUSHUVSHF
[7] .XUHSD-3DXQHVNX79RJW6$URUD+5D
WLYHLQPRGHUQDJULFXOWXUDOSURGXFWLRQ
EDWLF %0 /X -:DQ]HU 0%:RORVFKDN
*(DQG6PDOOH-$  8SWDNHDQGGLVWUL
EXWLRQRIXOWUDVPDOODQDWDVH7L2DOL]DULQUHGV
ACKNOWLEDGEMENTS
QDQRFRQMXJDWHV LQ $UDELGRSVLV WKDOLDQD 1DQR
/HWW  ±
7KH SURMHFW ZDV VXSSRUWHG E\ 1DWLRQDO .H\
[8] $VOL 6 DQG 1HXPDQQ 30   &ROORLGDO
5 ' 3URJUDP RI &KLQD <)' DQG
VXVSHQVLRQVRIFOD\RUWLWDQLXPGLR[LGHQDQRSDU
<)'  16)&*XDQJGRQJ -RLQW )XQG
WLFOHV FDQ LQKLELW OHDI JURZWK DQG WUDQVSLUDWLRQ
8  1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ
YLD SK\VLFDO HIIHFWV RQ URRW ZDWHU WUDQVSRUW
RI&KLQD 1RˊDQG1Rˊ ˊ
3ODQW&HOO(QYLURQ  
[9] /LQ%6'LDR64/L&+)DQJ/-4LDR
6& DQG <X 0   (IIHFW RI 706
5()(5(1&(6
QDQRVWUXFWXUHG VLOLFRQ GLR[LGH  RQ JURZWK RI
&KDQJEDLODUFKVHHGOLQJV)RU5HV
 
[1] 6XQ&-&XL+;:DQJ<=HQJ=+=KDR

;DQG&XL%  6WXGLHVRQDSSOLFDWLRQVRI
[10] 3HL )< 'RQJ &: &KHQ := <DQJ <
QDQRPDWHULDODQGQDQRWHFKQRORJ\LQDJULFXOWXUH
)DQJ4)'XDQ-;+XDQJ3=DQG:DQJ
$JULF6FL7HFKQRO  
'+  3UHSDUDWLRQDQGWKHHIIHFWRIQDQR
[2] :DQJ<- &KHQ 5< /LX +& 6RQJ 6:
VLOLFRQ IHUWLOL]HU RQ WKH JURZWK RI DPDUDQWK
DQG 6XQ *:   $SSOLFDWLRQV RI QDQR
+RUWLF6HHG
PDWHULDOV LQ DJULFXOWXUH DQG LWV HIIHFWV RQ WKH
[11]
0DKPRRG]DGHK+1DEDYL0DQG.DVKHIL0
JURZWKDQGGHYHORSPHQWRISODQWV3ODQW3K\VL
 (IIHFWRIQDQRVFDOHWLWDQLXPGLR[LGHSDU
RORJ\-RXUQDO  
WLFOHVRQWKHJHUPLQDWLRQDQGJURZWKRIFDQROD
[3] :LOVRQ 0$ 7UDQ 1+ 0LOHY $6 .DQ
%UDVVLFDQDSXV 2UQDP+RUWLF3ODQWV  
QDQJDUD*6.9RON+DQG/X*40  

1DQRPDWHULDOV LQ VRLOV *HRGHUPD   
[12] 5DOL\D5DQG7DUDIGDU-&  =Q21DQR
ˊ
SDUWLFOHELRV\QWKHVLVDQGLWVHIIHFWRQSKRVSKR
[4] =KDQJ'=KDR%4DQG=KDQJ-  7KH
URXVPRELOL]LQJHQ]\PHVHFUHWLRQDQGJXPFRQ
SURJUHVV DQG SURVSHFW RQ QDQRIHUWLOL]HUV UH
WHQWVLQFOXVWHUEHDQ$JULF5HV  
VHDUFK-3ODQW1XWU)HUW6FL  
[13]
:DQJ -4   (IIHFWV RI QDQRFDUERQ RQ
[5] 5HLFKHQEHUJHU6%DFK06NLWVFKDN$DQG
JURZWKDQGQXWULHQWDEVRUSWLRQRIPDL]H1RUWK
)UHGH+  0LWLJDWLRQVWUDWHJLHVWRUHGXFH
HDVW$JULFXOWXUDO8QLYHUVLW\+DUELQ
SHVWLFLGH LQSXWV LQWR JURXQGDQG VXUIDFH ZDWHU
DQGWKHLUHIIHFWLYHQHVV$UHYLHZ6FL7RWDO(Q
YLURQ
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[27] ,UDFKH -0 (VSDU]D , *DPD]R & DQG (V
SXHODV 6   1DQRPHGLFLQH 1RYHO DS
SURDFKHVLQKXPDQDQGYHWHULQDU\WKHUDSHXWLFV
9HW3DUDVLWRO  
[28] 8QGHUZRRG & DQG (SV $:   1DQR
PHGLFLQHDQGYHWHULQDU\VFLHQFH7KHUHDOLW\DQG
WKHSUDFWLFDOLW\9HW-  
[29] ;X =< <DQ 4 4LDQJ < &KX +< DQG
=KDQJ -*   3XULILFDWLRQ DQG (Q]\PRO
RJ\3URSHUW\,QYHVWLJDWLRQRQ6R\EHDQ3HUR[L
GDVH -RXUQDO RI WKH &KLQHVH &HUHDOV DQG 2LOV
$VVRFLDWLRQ  
[30] ;X )< -LDQJ *4 DQG &KHQ -&  
6WXG\RQ2]RQH3UHVHUYDWLRQRI)UHVKFXW%URF
FROL)RRG6FLHQFH  
[31] :HQ=)=HQJ6';LH<++XDQJ*3
;LD</  ,QIOXHQFHRIFROGVKRFNRQIUXLW
FKLOOLQJHQ]\PHDFWLYLW\DQGPHPEUDQHOLSLGSH
UR[LGDWLRQ-RXUQDORIIUXLWVFLHQFH  

[32] /LX ;+ DQG &KHQ :;   6WRUDJH RI
IUXLWVDQGYHJHWDEOHV$JULFXOWXUH3UHVV&KLQHVH

[33] /HL'))HQJ<DQG-LDQJ'=  7KH
FKDUDFWHULVWLFVRISRO\SKHQROR[LGDVHLQSODQWV
3URJUHVVLQ1DWXUDO6FLHQFH  
[34] :DQJ 0  $GVRUSWLRQ RI PHWDOV E\ QD
QRVFDOHDPHQGPHQWVLQVROXWLRQDQGLWVDSSOLFD
WLRQLQUHPHGLDWLRQRI&GSROOXWHGVRLO&KLQHVH
$FDGHP\RI$JULFXOWXUDO6FLHQFHV%HLMLQJ
[35] <X -* =KDR ;+ <DQJ + &KHQ ;+
<DQJ44<X/<-LDQJ-+DQG&KHQ;4
 $TXHRXVDGVRUSWLRQDQGUHPRYDORIRU
JDQLF FRQWDPLQDQWV E\ FDUERQ QDQRWXEHV 6FL
7RWDO(QYLURQ
[36] <XDQ &) ;LH // &KHQ ) DQG ;X %%
  5HVHDUFK 3URJUHVV RQ $SSOLFDWLRQV RI
&DUERQ 1DQRWXEHV LQ $JULFXOWXUH -RXUQDO RI
+HQDQ$JULFXOWXUDO6FLHQFHV  
[37] 7RILJK\0$DQG0RKDPPDGL7  $G
VRUSWLRQRIGLYDOHQWKHDY\PHWDOLRQVIURPZDWHU
XVLQJ FDUERQ QDQRWXEH VKHHWV -RXUQDO RI +D]
DUGRXV0DWHULDOV  
[38] 3HQJ;-/XDQ =.'L =& =KDQJ =*
=KX&/  &DUERQQDQRWXEHVLURQR[LGHV
PDJQHWLF FRPSRVLWHV DV DGVRUEHQW IRU UHPRYDO
RI3E ,, DQG&X ,, IURPZDWHU&DUERQ  

[39] /RQJ54DQG<DQJ57  &DUERQQDQR
WXEHV DV VXSHULRU VRUEHQW IRU GLR[LQ UHPRYDO
-RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\
  
[40] ;LH;*DR/DQG6XQ-  7KHUPRG\
QDPLFVWXG\RQDQLOLQHDGVRUSWLRQRQFKHPLFDO
PRGLILHG PXOWLZDOOHG FDUERQ QDQRWXEHV &RO
ORLGVDQG6XUIDFHV$ 3K\VLFRFKHPLFDODQG(Q
JLQHHULQJ$VSHFWV   

[14] =KRX)  6XSHU$EVRUEHQW3RO\PHUV6XS
SRUWLQJ1DQR+\GURXV0DQJDQHVH2[LGH3UHS
DUDWLRQDQG$SSOLFDWLRQRQ&DGPLXP5HPRYDO
+XQDQ$JULFXOWXUDO8QLYHUVLW\&KDQJ6KD
[15] .KRGDNRYVND\D 0 'HUYLVKL ( 0DKPRRG
0;X</L=5:DWDQDEH)DQG%LULV$6
  &DUERQ QDQRWXEHV DUH DEOH WR SHQHWUDWH
SODQWVHHGFRDWDQGGUDPDWLFDOO\DIIHFWVHHGJHU
PLQDWLRQ DQG SODQW JURZWK$&6 1DQR   

[16] =KHQJ/+RQJ)6/X63DQG/LX&  
(IIHFW RI QDQR7L2 RQ VWUHQJWK RI QDWXUDOO\
DJHGVHHGVDQGJURZWKRIVSLQDFK%LRO7UDFH
(OHP5HV  
[17] $OL0$5HKPDQ,,TEDO$'LQ65DR
$4 /DWLI $ 6DPLXOODK 75 $]DP 6
+XVQDLQ 7   1DQRWHFKQRORJ\ D QHZ
IURQWLHULQ$JULFXOWXUH$GYOLIHVFL  

[18] &XVKHQ 0 .HUU\ - 0RUULV 0 &UX]
5RPHURE0DQG&XPPLQVD(  1DQR
WHFKQRORJLHVLQWKHIRRGLQGXVWU\UHFHQWGHYHO
RSPHQWVULVNVDQGUHJXODWLRQ7UHQGV)RRG6FL
7HFKQRO  
[19] /L +- ;LQ =+ DQG +X 4+   $G
YDQFHLQ)RRG1DQRWHFKQRORJ\DQG1DQRIRRG
)RRG6FLHQFH  
[20] *XDQ 5) 4LDQ % <H ;4 DQG +DR<%
  5HFHQW 6WXG\ RI 1DQRWHFKQRORJ\ LQ
)RRG6FLHQFH)RRG6FLHQFH  
[21] *DR</  3UHSDUDWLRQRI8OWUDILQH3RZ
GHUDQG,WV3URVSHFWLQ$SSOLFDWLRQWR)RRG,Q
GXVWU\)RRG6FLHQFH  
[22] /LX 6% :HL / +DR / )DQJ 1 &KDQJ
0:;X5<DQJ<+DQG&KHQ<  
6KDUSHUDQGIDVWHU³QDQRGDUWV´NLOOPRUHEDFWH
ULD$VWXG\RIDQWLEDFWHULDODFWLYLW\RILQGLYLGX
DOO\ GLVSHUVHG SULVWLQH VLQJOHZDOOHG FDUERQ
QDQRWXEH$FV1DQR  
[23] .DQJ 6 0DXWHU 06 (OLPHOHFK 0  
3K\VLFRFKHPLFDO GHWHUPLQDQWV RI PXOWLZDOOHG
FDUERQQDQRWXEHEDFWHULDOF\WRWR[LFLW\(QYLURQ
PHQWDO6FLHQFHDQG7HFKQRORJ\  

[24] +X:%3HQJ&/XR:-  *UDSKHQH
EDVHGDQWLEDFWHULDOSDSHU$&61DQR

[25] +DR<&DR;40D&;=KDQJ=7=KDR
1$OL$+RX74;LDQJ=4=KXDQJ-
:X 6- ;LQJ %6 =KDQJ = DQG 5XL<.
  3RWHQWLDO $SSOLFDWLRQV DQG $QWLIXQJDO
$FWLYLWLHVRI(QJLQHHUHG1DQRPDWHULDOVDJDLQVW
*UD\ 0ROG 'LVHDVH$JHQW %RWU\WLV FLQHUHD RQ
5RVH3HWDOV)URQWLHUVLQ3ODQW6FLHQFH
[26] 6XQ /   6WXG\RIDQWLEDFWHULDOHIIHFWVRI
JUDSKHQH R[LGH FRPSRVLWHV RQ SDWKRJHQV
+XD]KRQJ$JULFXOWXUDO8QLYHUVLW\:X+DQ
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[54] =KDR=<=KRX76<DQJ4<DQG<X<<
 (OHFWURFKHPLFDO6HQVRU%DVHGRQ0XOWL
ZDOO&DUERQ1DQRWXEHVIRUWKH'HWHFWLRQRI'L
XURQ6KDQJKDL&KHPLFDO,QGXVWU\  
[55] 4X <; +XDQJ 66 /L 51 DQG 6KHQ -
 'HWHFWLRQRIKHUELFLGHSDUDTXDWLQQDWX
UDO ZDWHU EDVHG RQ FDUERQ QDQRWXEHV VHQVRU
&KLQHVH-RXUQDORI$QDO\VLV/DERUDWRU\  

[56] :X . +X 66 )HL -- DQG %DL:  
0HUFXU\IUHH VLPXOWDQHRXV GHWHUPLQDWLRQ RI
FDGPLXPDQGOHDGDWDJODVV\FDUERQHOHFWURGH
PRGLILHGZLWKPXOWLZDOOFDUERQQDQRWXEHV$Q
DO\WLFD&KLPLFD$FWD  

[41] &DR0+  &KHPLFDOUHPHGLDWLRQRIFR
FRQWDPLQDWHG VRLOV EDVHG RQ ]HURYDOHQW LURQ
+XD]KRQJ 8QLYHUVLW\ RI 6FLHQFH DQG7HFKQRO
RJ\:XKDQ
[42] &KHQ ;   5HPHGLDWLRQ RI SRO\
FKORUOQDWHGELSKHQ\OVFRQWDPLQDWHGVRLOE\QD
QRVFDOH]HURYDOHQWLURQRUQ=9,PLFURRUJDQLVP
LQWHJUDWHG WUHDWPHQW =KHMLDQJ 8QLYHUVLW\
+DQJ]KRX
[43] :DQJ<  6WXG\RQUHPHGLDWLRQRISRO\
FKORULQDWHGELSKHQ\OVFRQWDPLQDWHGVRLOVDSSOL
FDWLRQRIIXQFWLRQDOQDQRPDWHULDOVDQGELRFKDU
&KLQHVH$FDGHP\RI6FLHQFHV%HLMLQJ
[44] 9DUDQDVL 3 )XOODQD$ DQG 6LGKX 6  
5HPHGLDWLRQ RI 3&% FRQWDPLQDWHG VRLOV XVLQJ
LURQQDQRSDUWLFOHV&KHPRVSKHUH  

[45] (O7HPVDK<6 DQG -RQHU (-   (IIHFWV
RIQDQRVL]HG]HURYDOHQWLURQ Q=9, RQ''7
GHJUDGDWLRQLQVRLODQGLWVWR[LFLW\WRFROOHPEROD
DQGRVWUDFRGV&KHPRVSKHUH  
[46] +X ;;   7KH VWXG\ RQ SKRWRFDWDO\VLV
PHFKDQLVP RI QDQRVFDOH WLWDQLXP GLR[LGH DQG
FRPSRVLWHV %HLMLQJ 8QLYHUVLW\ RI &KHPLFDO
7HFKQRORJ\%HLMLQJ
[47] .KD\GDURY 5$ .KD\GDURY 55 DQG
*DSXURYD2  1DQRSKRWRFDWDO\VWVIRUWKH
GHVWUXFWLRQ RI FKORURRUJDQLF FRPSRXQGV DQG
EDFWHULDLQZDWHU-&ROO,QWHUI6FL

[48] -L<=KRX<0D&;)HQJ<+DR<5XL
<.:X:+*XL;1KDQ/H:+DQ<1
:DQJ<&;LQJ%6/LX/0DQG&DR:'
 -RLQWHGWR[LFLW\RI7L213VDQG&GWR
ULFH VHHGOLQJV 13V DOOHYLDWHG &G WR[LFLW\ DQG
&GSURPRWHG13VXSWDNH3ODQW3K\VLRORJ\DQG
%LRFKHPLVWU\
[49] =KDR63<DQJ<<4X3=DQJ6)/L-;
DQG*DR;<  $SSOLFDWLRQRI1DQRWHFK
QRORJ\ LQ$JULFXOWXUDO (QJLQHHULQJ -RXUQDO RI
$JULFXOWXUDO 0HFKDQL]DWLRQ 5HVHDUFK   

[50] .KRW/56DQNDUDQ60DMD-0(KVDQL5
DQG6FKXVWHU(:  $SSOLFDWLRQVRIQDQR
PDWHULDOV LQ DJULFXOWXUDO SURGXFWLRQ DQG FURS
SURWHFWLRQ$UHYLHZ&URS3URW
[51] .X]PD -   1DQRWHFKQRORJ\ LQ DQLPDO
SURGXFWLRQXSVWUHDPDVVHVVPHQWRIDSSOLFDWLRQ
/LYHVW6FL  
[52] &KHQ+'DQG<DGD5  1DQRWHFKQROR
JLHVLQDJULFXOWXUH1HZWRROVIRUVXVWDLQDEOHGH
YHORSPHQW 7UHQGV )RRG 6FL 7HFKQRO   

[53] 6R]HU1DQG.RNLQL-/  1DQRWHFKQRO
RJ\ DQG LWV DSSOLFDWLRQV LQ WKH IRRG VHFWRU
7UHQGV%LRWHFKQRO  

[57] .XDQJ+&KHQ:<DQ:-;X/*=KX
<< /LX /4 &KX +4 3HQJ &) :DQJ
/%.RWRY1$DQG;X&/   &URZQ
HWKHUDVVHPEO\RIJROGQDQRSDUWLFOHV0HODPLQH
VHQVRU%LRVHQV%LRHOHFWURQ  
[58] 6LQJK66LQJK0$JUDZDO99DQG.XPDU
$  $Q DWWHPSW WR GHYHORS VXUIDFH SODV
PRQUHVRQDQFHEDVHGLPPXQRVHQVRUIRU.DUQDO
EXQW 7LOOHWLDLQGLFD GLDJQRVLVEDVHGRQWKHH[
SHULHQFH RI QDQRJROG EDVHG ODWHUDO IORZ LP
PXQHGLSVWLFN WHVW 7KLQ 6ROLG )LOPV   

[59] $WHV0$UVODQ='HPLU9'DQLHOV-DQG
)DUDK/2  $FFXPXODWLRQDQGWR[LFLW\RI
&X2DQG=Q2QDQRSDUWLFOHVWKURXJKZDWHUERUQH
DQGGLHWDU\H[SRVXUHRIJROGILVK &DUDVVLXVDX
UDWXV  (QYLURQPHQWDO 7R[LFRORJ\    

[60] -L - /RQJ = DQG /LQ '   7R[LFLW\ RI
R[LGHQDQRSDUWLFOHVWRWKHJUHHQDOJDH&KORUHOOD
VS &KHPLFDO (QJLQHHULQJ -RXUQDO   

[61] 0DUVKDOO'-DQG%XUJHVV6&  'HFRQ
VWUXFWLQJ HQYLURQPHQWDO SUHGLFWDELOLW\ VHDVRQ
DOLW\ˈHQYLURQPHQWDOFRORXUDQGWKHELRJHRJUD
SK\ RI PDULQH OLIH KLVWRULHV (FRORJ\ /HWWHUV
  
[62] *DUFLD 0$OHL[DQGUH 0 *XWLHUUH] - DQG
+RUULOOR0&  (OHFWURQLFQRVHIRUZLQH
GLVFULPLQDWLRQ 6HQVRU $FWXDW % &KHP 

[63] 6LQJK66LQJK0$JUDZDO99DQG.XPDU
$  $Q DWWHPSW WR GHYHORS VXUIDFH SODV
PRQUHVRQDQFHEDVHGLPPXQRVHQVRUIRU.DUQDO
EXQW 7LOOHWLDLQGLFD GLDJQRVLVEDVHGRQWKHH[
SHULHQFH RI QDQRJROG EDVHG ODWHUDO IORZ LP
PXQHGLSVWLFN WHVW 7KLQ 6ROLG )LOPV   

[64] *XL;5XL006RQJ<+0D<+5XL
<. =KDQJ 3 +H ; /L<< =KDQJ =<
DQG/LX/0  3K\WRWR[LFLW\RI&H2QD
QRSDUWLFOHVRQUDGLVKSODQW 5DSKDQXVVDWLYXV 
(QYLURQ6FL3ROOXW5HV  ±
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[65] <DQJ-&DR:'DQG5XL<.  ,QWHU
DFWLRQVEHWZHHQQDQRSDUWLFOHVDQGSODQWVSK\
WRWR[LFLW\ DQG GHIHQVH PHFKDQLVPV -RXUQDO RI
3ODQW,QWHUDFWLRQV  
[66] /H10D96KDQJ&;5XL-</LX67
DQG;LQJ%6  (IIHFWVRI&X2QDQRSDU
WLFOHVRQLQVHFWLFLGDODFWLYLW\DQGSK\WRWR[LFLW\
LQFRQYHQWLRQDODQGWUDQVJHQLFFRWWRQ&KHPR
VSKHUH±
[67] /LQ'+DQG ;LQJ%6  3K\WRWR[LFLW\
RIQDQRSDUWLFOHV,QKLELWLRQRIVHHGJHUPLQDWLRQ
DQGURRW JURZWK(QYLURQ 3ROOXW  

[68] 1DLU 5 3RXORVH$& 1DJDRND<<RVKLGD
<0DHNDZD7DQG.XPDU'6  8SWDNH
RI),7&ODEHOHGVLOLFDQDQRSDUWLFOHVDQGTXDQ
WXPGRWVE\ULFHVHHGOLQJV(IIHFWVRQVHHGJHU
PLQDWLRQ DQG WKHLU SRWHQWLDO DV ELRODEHOV IRU
SODQWV-)OXRUHVF  
[69] +DR < <X )) /Y 57 0D &; =KDQJ
=75XL<./LX/0&DR:'DQG;LQJ
%6  &DUERQQDQRWXEHVILOOHGZLWKGLIIHU
HQW IHUURPDJQHWLF DOOR\V DIIHFW WKH JURZWK DQG
GHYHORSPHQWRIULFHVHHGOLQJVE\FKDQJLQJWKH
&1 UDWLR DQG SODQW KRUPRQHV FRQFHQWUDWLRQV
3/2621(  H
[70] :DQJ <)   %LRORJLFDO HIIHFWV RI WKUHH
NLQGV RI JROG QDQRSDUWLFOHV RQ WZR HFRQRPLF
FURSV6RXWKZHVW8QLYHUVLW\&KRQJTLQJ
[71] %KDWWDFKDU\D6-DQJ-<DQJ/-$NLQ'
DQG%DVKLU5  %LRPHVDQGQDQRWHFKQRO
RJ\EDVHGDSSURDFKHVIRUUDSLGGHWHFWLRQRIEL
RORJLFDO HQWLWLHV - 5DSLG 0HWK $XWR 0LF
  
[72] <DQJ<)DQG&KHQ45  %DVLFFKDUDF
WHULVWLFV RI QDQRPHWUH PDWHULDOV DQG GHYHORS
PHQW RI QDPRPHWUH VFLHQFH DQG WHFKQRORJ\
&KLQD3RZHU6FLHQFHDQG7HFKQRORJ\  


Fresenius Environmental Bulletin

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
<XNXL5XL
%HLMLQJ.H\/DERUDWRU\RI)DUPODQG6RLO3ROOXWLRQ
3UHYHQWLRQDQG5HPHGLDWLRQ
&ROOHJHRI5HVRXUFHVDQG(QYLURQPHQWDO6FLHQFHV
&KLQD$JULFXOWXUDO8QLYHUVLW\
%HLMLQJ±35RI&KLQD
HPDLOUXL\XNXL#FRP

7920

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


AUTHOR INDEX
A
Abu Othman, M.
Abukashabeh, A.
Akbaba, G. B.
Akbaba, U.
Akis, I.
Aksoy, A.
Aksu, T.
Al-Absi, E.
Al-Antary, T. M.
Alawi, M. A.
Albayrak, S.
Al-Dabbas, M. B.
Ali, H.
Almarhoon, Z.

7685
7199
7162
7162
7906
7776
7454
7199
7685, 7767, 7817, 7822, 7872

7685
7520, 7627
7822
7827
7827

Al-Momani, R.
Alothman, A. A.
Alp, M. T.
Animesh, G. B.
Arslan, M.
Arslan, M. E.
Asoufi, H. M.
Ata, A.
Auriga, A.
Avci, A. S.
Avci, H.
Awwad, A. M.
Ayad, J. Y.

7199
7827
7863
7559
7374
7162
7767, 7817
7446
7409
7479
7479
7767, 7817, 7872
7872

B
Bayindir-Erol, A.
Bholanath, S.
Bicil, Z.
Bingol, N. T.
Biocanin, R.
Biplab, P.
Birgucu, A. K.

7470
7559
7643
7454
7545
7559
7470

Borek, K.
Borlu, H. O.
Borusiewicz, A.
Boskovic, A.
Budak, F.
Butar, S.

7416
7746
7416
7787
7668
7438

C
Canoglu, M. C.
Cao, C.
Cavic, A.
Celik, A.
Celik, A. D.
Celik, K.
Celiktas, V.
Cengiz, S.
Cetin, M.

7354
7572
7787
7536
7401
7162
7746
7169
7808

Cetinbas, M.
Chandio, F. A.
Chen, D.
Chen, D.-L.
Chen, J.
Chen, Y.
Cheng Long, Z.
Colak-Ates, A.
Cukurluoglu, S.

7438
7527
7572
7677
7739
7613
7306
7446
7291

D
Dadasoglu, E.
Dag, I.
Dagistan, E.
Dai, Y.
Demir, N.
Demir, O.
Demirel, I. H.
Demirtas, B.
Deng, J.
Deng, L.

7222
7270
7401
7156
7776
7776
7257
7401
7316
7661

Dervis, S.
Dikmen, G.
Ding, Z.
Djelic, A. T.
Dogan, M.
Dogan, Z.
Dokuz, U. E.
Dong, J.
Duzenli, S.

7374
7270
7191
7545
7643
7536
7479
7510
7746

E
Ehrman, S.
El Sabagh, A.
Erdel, E.
Erden, G.

7332
7746
7460
7381

Erdurmus, C.
Erman, M.
Esen-Gursel, F.
Etikala, B.

7846
7634
7906
7897

7921

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


F
Fan, H.
Fang, G.
Felix, R.

7156
7191
7332

Feng, S.
Fidan, H.

G
Gao, C.
Gao, X.
Ge, J.
Ghidan, A. Y.
Glisovic, N.
Golla, V.

7244
7510
7552
7872
7209
7897

Gorachand, H.
Gui, H.
Guney, M.
Gungor, B. H.
Guo, X.

H
Haddad, N.
Han, D.
Hao, Y.
He, C.
He, Q.
Hossain, A.

7685
7364
7911
7510
7306
7746

Hu, D.
Hu, F.
Hua Yang, X.
Huang, J.
Huang, X.
Huo, W.

7425
7604
7306
7798
7191
7306

I
Ilhan, H.
Inan, C. A.

7503
7354

Isat, E.

7169

J
Jaksic, T.
Jia, D.-Z.
Jia, H.
Jia, X.

7209
7677
7364
7715

Jian, H.
Jiang, Y.
Jihao, C.
Jin, C.

7492
7148
7492
7552

7668
7643
7401
7863
7527
7691
7354
7278

K
Kabay, T.
Kale, C.
Kaman, H.
Karabas, H.
Karaoglu, M.
Karatas, T.
Kekec, N.
Ketin, S.
Kiremitci, S.

7733
7454
7808
7265
7460
7186
7401
7545
7520, 7627

Kizil-Aydemir, S.
Kizilduman, B. K.
Kiziltug, T.
Kocer, M. A. T.
Korai, P. K.
Korkmaz, C.
Kurtulus, B.
Kusek, G.

L
Lakhiar, I. A.
Lei, Z.
Li, J.
Li, L.
Li, M.
Li, S.
Li, X.
Liang, X.
Liang, Y.
Liao, Y.
Lin, R.

7527
7492
7139, 7156
7758
7156, 7739
7510
7604
7715
7332
7510
7191

Liu, B.
Liu, D.
Liu, H.
Liu, J. W. S.
Liu, L.
Liu, S.
Liu, W.
Liu, Y.
Liu, Z.
Lu, Y.-Y.
Luo, H.

7922

7725
7446

7559
7853
7454
7169
7390, 7425, 7837

7661
7798
7652
7425
7156
7837
7758
7572, 7798
7604
7677
7425, 7837

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin



M
Ma, J.
Manasrah, R.
Mannala, P.
Mao, X.
Mari, I. A.
Mei Miao, Y.
Meng, X.

7390
7199
7897
7613
7527
7244
7156

Meng, Z.
Mihajlovic, I.
Miloradov, M. V.
Minareci, E.
Minareci, O.
Mirkovic, M.

N
Nasreen, S.
Neskovic, S.

7332
7545

Ning, X.
Niu, D.

O
Obrovski, B.
Oguz, A.
Okoor, S.
Okut, N.
Oten, M.

7787
7634
7199
7879
7520, 7627

P
Pehlivan, F.
Petrovic, M.
Poyraz, I.

7552
7787
7787
7236
7236
7545

7510
7425, 7837

Oz, M.
Ozarslandan, A.
Ozdamar-Unlu, H.
Ozgur, M. E.
Oztabak, K. O.

7230
7446
7887
7433
7906

7643
7787
7586

Poyraz, I. E.
Pu, A.

7586
7492

Q
Qian, P.
Qiu, F.

7704
7148

Qiu, H.

7853

R
Rafique, U.
Romaniuk, W.

7332
7416

Rui, Y.

7911

S
Sajal, P.
Sakin, E.
Salkim-Islek, D.
Secerov, P.
Sekmen, S.
Sen, B.
Serdaroglu-Kasikci, E.
Sesli, Y.
Seyrek, A.
Shaderma, A. M.
Shaikh, S. A.
Shan, H.
Shubhadip, D.
Simsek, E.

7559
7536
7169
7545
7438
7863
7781
7438
7536
7822
7527
7176
7559
7503

Simsek, U.
Singh, R. P.
Song, Q.
Sonmez, F.
Sremacki, M.
Suleman, M.
Sun, L.
Sun, N.
Sun, T.
Sun, X.
Sunjevic, M.
Surmen, M.
Sushanta, S.

7460
7661
7853
7863
7787
7527
7725
7604
7364
7176, 7390
7787
7340
7559

Tok, F. M.
Tosun, M.
Toyran, K.
Turhan, Y.
Turk, M.
Turkez, H.

7374
7222
7348
7643
7520, 7627
7162

T
Tang, T.
Tapki, N.
Taskin, E.
Temel, S.
Temur, C.
Tezcan, N. Y.
Tohumcu, F.

7510
7401
7236
7340
7454
7691, 7698
7460

7923

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


U
Ucak, A. B.
Uguz, S.
Ulken, Z.

7634
7503
7270

Un, C.
Unal, S.
Urooj, A.

7906
7595
7332

V
Vukanic, D.

7209

Vukanic, V.

7209

W
Wahsha, M.
Wang, D.
Wang, G.
Wang, J.
Wang, L.
Wang, S.

7199
7176
7798
7837
7326, 7911
7613

Wang, Y.
Wen, L.
Wrobel, J.
Wu, B.
Wu, H.
Wu, Y.

X
Xia, Y.
Xu, D.
Xu, H.

7661
7326
7613

Xu, J.
Xu, S.-C.
Xue, X.

Y
Yalcin, H.
Yaman, B.
Yang, F.
Yang, S.
Yang, X.
Yao, Y.
Yao, Z.
Yaoming, L.
Yardibi, H.

7536
7438
7306
7139
7739
7326
7652
7527
7906

Yaslioglu, E.
Ye, Y.
Yenice-Gursu, B.
Yu, H.
Yu, J.
Yu, P.
Yuan, D.
Yuan, Y.
Yuksel, I.

Z
Zang, J.
Zhang, A.
Zhang, H.
Zhang, J.
Zhang, K.
Zhang, L.
Zhang, S.
Zhang, Y.
Zhang, Z.
Zhao, A.
Zheng, L.

7758
7758
7176
7739, 7853
7156, 7715
7425, 7492, 7837
7326
7579
7604
7579
7572

Zheng, M.
Zheng, X.
Zhou, L.
Zhou, X.
Zhou, Y.
Zhu, C.
Zhu, F.
Zhu, H.
Zhu, J.
Zhu, X.
Zivic, N.






7924

7613, 7911
7837
7409
7715
7148
7176, 7306, 7552

7139, 7148
7244
7837

7503
7739
7270
7316
7853
7364
7613
7191
7257

7527
7704
7704
7798
7613
7425, 7837
7661
7316
7552
7364
7209

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


SUBJECT INDEX
A
Accumulation
Adaptability analysis
Adjustment of FLWL
Adriatic
adsorption
advantage
Aging
agribusiness
agricultural engineering
agricultural production
agronomical characteristics
air pollution
alfalfa
Algae
B
Bacillus pumilus
Back trajectory analysis
beekeeping production
Benefits
ȕ-cyclodextrin
biochemical parameters
biodegradation
biodiesel
Bio-distribution
C
Cahors
calcareous semi-arid region
Camellia oleifera Abel
carbendazim
carvacrol
Case Study
Catalyst
Cd
Cephalaria syriaca
Changchun City
Characterization
charcoal rot
Chickpea
Chlorfenapyr
Chloro-alkaline indices
Chlorophyll
climate change
cloud model
coalmine

7139
7316
7191
7209
7176, 7643
7911
7781
7401
7416
7911
7595
7545
7520, 7627, 7668
7863

7552
7291
7776
7652
7148
7409
7552
7265
7162

7354
7479
7425
7148
7270
7169
7492
7579
7265
7326
7643, 7767, 7817
7374
7634
7822
7897
7733, 7634
7503
7572
7725

7925

Aluminum
Ammonia volatilization
ammonium nitrogen
Anaerobic digestion
analysis
animal production
Apoptosis
apple
Aqaba
aromatic
Artemisia herba-alba
Artificial Neural Network
Atmakur

7162
7139
7236
7381
7460
7416
7827
7438
7199
7401
7767, 7817
7354
7897

bioecological notes
Biofilm
biological sludge
Biology
Biomass
biopellet production
Bitlis
Boundary layer
breeding

7348
7270
7381
7470
7846
7278
7348
7306
7520

coastal area
composite
contamination of the aquatic environment
controlled-release nitrogen fertilizer
conventional agriculture
Copepoda
Corn wastes
correlation
correlation analysis
correlation coefficient
cotton wastes
CRB1
Crested wheatgrass
Crop water stress index
Crystal Violet
cultivation
CuONPs
Cytotoxicity

7613
7643
7787
7139
7536
7209
7278
7879
7595
7230
7278
7739
7595
7634
7169
7409
7872
7827

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


D
Daxinganling Region
debris flow
Dechlorination
Decomposition analysis
denitration
D-galactose
disease and pest resistance
disintegration
distribution
Document Chemistry

7316
7572
7332
7244
7492
7781
7446
7381
7348
7169

Drinking
Drinking water
drought
dry sieving
dry weight salt index
DSRR
Durum wheat
Dust-storm dust
Dye Ratio

E
Ecological risk
effect
Eggplant (Solanum melongena)
(OD]Õ÷
electro-oxidation
Embodied air pollutants
Energy Conservation
energy crop
Energy economics

7798
7911
7446
7863
7381
7244
7691
7265
7776

Enrichment factor
entropy
environment
environmental security
Environmental sustainability
Enzyme
equivalent volume impregnation
estuary
Extrapolation analysis

7291
7572
7401
7545
7156
7733
7492
7209
7316

F
Factor analysis
Fatty acids
Fecundity
feeding regime
fertilizer types
Field experiment
filterability
finite element
flooded soil

7291
7879
7817
7186
7425
7364
7381
7390
7758

Flux
food safety
Forest stand types
Formation
fresh weight salt index
Fruit quality
fruit size
fruit yield
Fusarium oxysporum f. sp. melongenae

7291
7148
7316
7661
7746
7438
7438
7438
7446

G
gene mutation
genetic variation
Genotoxicity
genotype
genotypes
Geo-accumulation index
geographic origin
GGE biplot
GH
Gibbs ratio

7739
7374
7586
7668
7230
7798
7374
7668
7906
7897

glass fiber
global warming
Glycine max
Green peach aphid
green space
Green vegetables
Greenhouse
Groundwater
growth
Gurbantunggut Desert

H
halophytes
Haringet Stream
Heat Losses
Heavy metal
heavy metals
HepG2 and HT-29 cells

7340
7863
7691
7725, 7798
7559
7827

7926

HPLC
hydro energy
Hydrochemical facies
hydrochemistry
Hydrogen and oxygen stable isotopes
Hydrogeochemistry

7897
7199
7733, 7808
7460
7746
7191
7746
7704
7169

7643
7503, 7906
7374
7767, 7817
7326
7798
7691
7479, 7897
7186, 7746
7306

7169
7257
7897
7479
7853
7853

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


I
ICP-OES
Impact
impounding
Indigenous
Industrial park
infiltration
Ink Aging
Input-output table
Interaction
international community
J
Jordan

7199
7156
7758
7906
7798
7715
7169
7244
7579
7545

Inversion layer
Ion
Ion exchange
Ions
Iron sulfide nanoparticles
Irrigation
isocarbophos
isotherm
ISSR-PCR

7306
7733
7199
7291
7767,
7897
7552
7176
7586

7270
7244
7668
7817
7364

7199, 7685

K
kinetic model

7176

L
La Chartreux Spring
lair
laying hen
LCA
Leachate biochemical effluent
leek

7354
7416
7503
7739
7604
7887

Listeria monocytogenes
LMDI method
location
longevity
Long-term

M
Maize Plant trait
major ion chemistry
mammalian sex hormones
Mann-Kendall Test
maternal effect
MCMC method
Medical waste
Medicinal
Mediterranean
Meloidogyne incognita
mercury
Mesoporous Silica
metal cations
MgOHNPs

7527
7479
7222
7257
7470
7191
7652
7401
7846
7446
7758
7332
7787
7872

MgONPs
Microbial communities
Mineral composition
Model
modelling
molasses
molecular marker
morphological characteristics
Mother milk
mountain meadow
Mu Us Sandy Land
multicriteria analysis
Myzus persicae

7872
7510
7340, 7704
7652
7470
7454
7446
7595
7685
7837
7715
7787
7470

N
Nanomaterials
nanoparticles
Neutron meter
Nicosulfuron
Nitrate transport
Nitrobenzene

7911
7433
7808
7586
7479
7176

nitrogen pools
nitrogen stocks
nitrogen utilization efficiency
NMR
numerical simulation

7837
7837
7425
7827
7390

O
Oncorhynchus mykiss
Onobrychis sativa L.
optimal sequence diagram
Orcein cell stain
orchard
Organic agriculture
Organic farming
organic mulch

7186
7222
7572
7586
7390
7536
7887
7808

organic pollution
Orthogonal experiment
Oxic-Settling-Anoxic (OSA) process
Oxidative stress
oxidative stress reduction
Ozonation
Ozone concentration

7863
7604
7510
7781
7409
7822
7306

7927

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


P
Paddy field
Panthera pardus
path analysis
PCR-DGGE
Pelemir seed oil
pellet characteristics
Pepper
Persistent organochlorines
Pesticide
Pesticides
Phaseolus Vulgaris
phosphate
Physical and chemical properties of soil
Physico-chemical parameter
Physiological aspects
phytoavailability
plant hormones

7139
7348
7230
7510
7265
7278
7872
7685
7148, 7822
7685
7733
7236
7527
7236
7872
7559
7222

plant nitrogen
plant nutritional status
plants
PLFA
PMMA
point cloud
pollution assessment
pollution sensitivity
Potato Y potyvirus
Precipitation
pre-fermented lactic acid juice
pre-harvest drop
PRL
Progeny test
PROP1
provenance
PSA method

7837
7887
7401
7510
7643
7677
7725
7863
7446
7715
7454
7438
7906
7627
7906
7704
7191

Q
Quality
quantitative remote sensing

7520, 7627
7326

Quercetin
Quercy

7781
7354

R
rainbow trout
rainfall - runoff relationship.
RAPD-PCR
Rat
Reduced and tillage practices
Reduction percentage
reproduction
Reverse osmosis

7186, 7433
7354
7586
7781
7527
7822
7433
7199

RFID
Rhizosphere soil
risk assessment
river Bojana
root distribution
ruminants
Rutin

S
sainfoin
Sakarya Basin
saline rangelands
Saline-alkali land
salinity
Salmonella
Sanger sequencing
seas of Turkey
second wind erosion area
seed maturity stage
selective virulence
Sensor
Sesame
Sesamum indicum
sewage irrigation
Shade net
Shallow groundwater
Shanghai
shaping the environment
Shilianghe reservoir
Short-term
silage
silicon dioxide
site selection
Sludge reduction

7222
7257
7340
7613
7746
7270
7739
7236
7460
7340
7374
7652
7230
7374
7559
7698
7853
7704
7416
7191
7364
7454
7433
7503
7510

7928

soil moisture
soil nitrogen
soil quality parameters
soil water content
soil water movement
solar radiation
Sol-Gel
source identification
spatial analysis
6SHDUPDQ¶V5KR7HVW

7652
7798
7559, 7787
7209
7698
7340
7827

7715
7837
7536
7390, 7698, 7808
7613
7698
7332
7725
7326
7257
special organic fertilizer for C. oleifera Abel
7425
7604
Spectrum analysis
spermatozoon motility
7433
7846
Stem juice
Straw rates
7527
stress
7746
Structural equation model
7364
structure
7401
Sugar beet pulp
7454
sugarcane bagasse
7176
Sulfate radicals
7604
surface soil
7725
surface water
7787
7572
susceptibility assessment
sustainable development
7156, 7416

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin


Smart growth
SO2-resistance
soil health

7156
7492
7536

sweet basil
Sweet sorghum

T
targeted next-generation sequencing
TCNM
technology
TEM
temperature humidity index
Terrestrial laser scanning
the green peach aphid
The mining area in northern Anhui
Thermal Camera
Three Gorges Reservoir
three-dimensional distribution

7739
7661
7416
7270
7503
7677
7470
7853
7691
7758
7390

Threonine
7661
tissue culture
7222
Tolerance
7634
Tomato
7698, 7822
Toxicity
7767
Transfer station
7652
trend analysis
7257
Trichloroethylene
7332
7879
Trigonella foenum-graceum
tunnel inspection
7677
7257, 7776, 7863, 7348
Turkey

U
uptake

7579

UV/chlorine disinfection

7661

V
Vapour-exchange methods
vegetable consumption

7316
7559

vegetation coverage
Vegetation restoration

7326
7837

W
Water irrigation
water quality
Water resources
Water storage pit irrigation
Water stress
Water-rock interaction
WDXRF

7139
7236
7257
7390
7634
7853
7162

Wet deposition.
Wheat
wheat straw
Wind
wind erosion
Wistar Rat
Wugong Mountain

7291
7579
7454
7460
7460
7162
7837

X
X-ray diffraction

7704
yield characters

7879

ZnONPs

7872

Y
Yield

7425, 7520, 7627, 7668, 7887

Z
Zea mays L.
Zn

7586
7579

«
3D modelling

7677

7929

7409
7846

© by PSP

Volume 27 ± No. 11/2018, pages 7921-7929

Fresenius Environmental Bulletin



FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!

7930

© by PSP

Volume 27 ± No. 11/2018

Fresenius Environmental Bulletin


STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution. In: Title of the book or
proceeding. Volume (Edition of klitor-s, ed-s)
Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis,
University and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
cases referHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Precondition for publishing:
A minimum number of 25 reprints must be ordered
and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 350,- EURO +postage/ handling.
The prices are based upon the number of pages in
our journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:



i

