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CONTRIBUTION OF AMMONIUM-OXIDIZING BACTERIA
TO METHANE OXIDATION AND N2O EMISSIONS IN
LANDFILL COVER SOIL: ROLES OF ENVIRONMENTAL
FACTORS AND HEAVY METAL
Fahui Nie1, Yu Peng1,2, Houhu Zhang2,*, Chaoran Li2, Shaojun Jiao2,* *
1
School of Civil Engineering and Architecture, East China Jiaotong University Nanchang, Jiangxi, 330013, P. R. China
Nanjing Institute of Environmental Sciences of the Ministry of Environmental Protection of P. R. China, Nanjing, Jiangsu, 210042,
P. R. China

2

ABSTRACT

INTRODUCTION

The contribution of ammonium-oxidizing bacteria (AOB) to methane (CH4) oxidation potential
(MOP) and N2O emissions in landfill cover soil was
investigated by using acetylene (C2H2) gas as an inhibitor. The influences of heavy metal addition, temperature and soil moisture content (SMC) variations
were evaluated through batch incubation. The contribution of AOB to MOP in four materials, aged refuse (AR), cover sandy soil (CSS), uncovered clay
soil (UCS) and uncovered sandy soil (USS), was directly proportional to temperature when the incubation temperature varied from 4°C to 30°C. The average value for the contribution of AOB to MOP of AR
at temperatures ranging from 4°C to 30°C was
18.13±2.65%, which was about 2.15 (P<0.05), 2.49
(P<0.05) and 4.31 (P<0.05) times greater than the
values observed for CSS, UCS and USS, respectively. While at 4°C, the contribution values in UCS
and USS were less than 5%. The maximum values
for the contribution of AOB to MOP were obtained
in the four materials with 20% SMC. The average
value for the contribution of AOB to MOP of AR at
a SMC ranging from 10% to 30% was 18.90±2.75%,
which was about 2.13 (P<0.05), 2.45 (P<0.05) and
2.56 (P<0.05) times more than those of CSS, UCS
and USS, respectively. A comparison of the contribution of AOB to MOP in aged refuse by heavy
metal added or not indicated a slightly difference
(13.61%). The MOP in uncovered soil samples were
however inhibited (i.e. decreased about by a half).
N2O emissions showed a sharp decrease in the four
tested materials exposed to C2H2 gases when compared to samples without added C2H2. When the
SMC less than 20%, the maximum values for the
contribution of AOB to MOP were obtained and
N2O emissions were also controlled substantially in
the four tested materials.

The Intergovernmental Panel on Climate
Change (IPCC) regards methane (CH4) as an important greenhouse gas because it has a global warming potential (GWP) 25 times greater than that of
carbon dioxide (CO2) over a 100-year period [1].
0XQLFLSDO VROLG ZDVWH 06:  ODQG¿OOV ZKLFK DUH
the largest sources of anthropogenic CH4 emissions
after agriculture, contribute an estimated 17% of the
worldwide anthropogenic CH4 emitted each year,
and as much as 25% of that produced by the United
States [2] *OREDOO\ ODQG¿OO JDV FDSWXUH KDV EHHQ
used as an effective strategy for mitigation of CH4
HPLVVLRQVIURP06:ODQG¿OOVEXWLWVDSSOLFDWLRQLQ
PHGLXPDQGVPDOOODQG¿OOV KDVEHHQOLPLWHGE\LWV
high cost [3, 4].
/DQG¿OOFRYHUVRLOVDUHWKHHQYLURQPHQWDOLQWHU
face between landfill gas and the atmospheric system. These soils oxidize CH4 produced from
ODQG¿OOV DV ZHOO DV DWPRVSKHULF &+4, which is
known to play a significant role in the global CH 4
budget [5, 6, 7]. Methanotrophs and ammonia-oxidizing bacteria (AOB) are important actors in the
global carbon and nitrogen cycles that have the ability to convert carbon and nitrogen compounds (CH4
and NH4+) to oxidized forms (CO2 and NO3í) [7, 8].
In addition, cover soils of CH4-producing MSW
ODQG¿OOVRIWHQKDUERUKLJKO\GLYHUVHDQGDFWLYHPHWK
anotrophic microbial communities [9, 10]. Previous
studies have shown that methane oxidation potential
023 LQODQG¿OOFRYHUVRLOLVLQÀXHQFHGE\VHYHUDO
environmental conditions, such as soil moisture content (SMC), pH, temperature, composition, NH4+,
oxygen concentrations, and aggregate size [4, 8, 11,
12, 13, 14]. Based on the similarities in molecular
size and structure of NH4+ and CH4, as well as the
physiology of methanotrophs and AOB, AOB can
co-oxidize CH4, as well as a variety of other substrate analogues [15].
Using acetylene (C2H2) gas as an inhibitor, the
contribution of AOB to MOP in four different types

KEYWORDS:
CH4 oxidation, Ammonia-oxidizing bacteria, N2O emissions, Landfill cover soil
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TABLE 1
Physicochemical properties of AR, CSS, USS and UCS (sample no.=3)
Aged refuse
(AR)

Covered
sandy soil(CSS)

Uncovered
clay soil(UCS)

Uncovered sandy soil
(USS)

Soil moisture content (%)
pH (CaCl2)
Organic matter (%)
NH4+-N content
(mg kgí1)
NO3í-N content
(mg kgí1)

2.78±0.29
7.36 ± 0.27
12.34 ± 2.01
50.22 ± 0.25

3.21±0.16
6.94±0.12
2.00±0.69
35.03± 1.34

3.84±0.11
8.05 ± 0.16
4.51 ± 0.46
12.89 ± 1.32

3.06±0.13
6.02±0.15
1.71 ±0.21
7.26± 0.17

33.47 ± 0.68

18.82±2.31

16.33 ± 1.75

15.44 ± 0.15

Clay (in mass, %)

±

10.6

43.5

23.4

Silt (in mass, %)
Sand (in mass, %)

±
±

59.6
29.8

32.1
24.4

30.9
45.7

Physicochemical properties

MATERIALS AND METHODS

of soils, leached chernozem, peat soil, soddy podzolic soil and gray forest soil, was quantitatively assessed by Novikov and found to range from 5% to
16% [15]. King determined that 1-58% of the potential CH4 produced was consumed by CH4 oxidation
related to burweed (Sparganium eurycarpum) roots.
To date, many correlative studies on AOB to MOP
of natural ecosystems, wetlands, forests and paddy
fields have been conducted [17, 18, 19, 20]. Aged
refuse can accumulate a significant amount of AOB,
up to several orders of magnitude, measured on a 1.0
g dry basis [21, 22]. However, few studies of the
contribution of AOB to MOP in landfill cover soils
or aged refuse have been conducted to date.
Many investigations have focused on the elevation of CH4 oxidation potential and the selection of
substrates that are often rich in organic matter and
microbial activity [4, 8, 11, 13, 14]. However, less is
known about nitrous oxide (N2O) emissions, a
greenhouse gas with a 296-fold global warming potential compared to that of CO2 over a 100-year time
span [1]. Landfill N2O emissions were observed to
be at least one or two orders of magnitude greater
than emissions from forests and agriculture fields.
N2O emissions were attributed as the primary nitrification and denitrification processes in the soil [15,
23]. Thus, properties of the cover material used to
support CH4 oxidation may be important for N2O
emissions as well. To the best of our knowledge,
there is a scarcity of information on the evaluation of
N2O emissions from active bio-cover material in relation to its CH4 oxidation potential.
Therefore, this study was conducted to measure
the contribution of AOB to CH4 oxidation and N2O
emissions under heavy addition, the variations of
temperatures and SMCs using aged refuse (AR),
cover sandy soil (CSS), uncovered clay soil (UCS)
and uncovered sandy soil (USS) in laboratory-scale
batch experiments.

Available materials. Four different materials,
AR, CSS, UCS, and USS, were used in this study.
AR was excavated in 2008 from a single enclosed
FKDPEHURIWKH1DQMLQJ&LW\06:ODQG¿OOWKDWKDG
been covered for 12 years. The composition of the
FXUUHQW ODQG¿OOHG UHIXVH ZDV DQDO\]HG DV WKH ZHW
weights of food waste (60%), plastics (20%), organic
matter such as bamboo, wood, paper and textiles
(15%), and inorganic matter such as stone, sand,
metals and other materials (5%). Large non-degradaEOHPDWHULDOV HJVWRQHVJODVVERWWOHVSODVWLF¿OP
plastic bags and rubber) in the excavated AR were
removed by manual sorting .
In 2012, CSS was excavated from the Nanjing
City MSW landfill, which had been exposed to biogas (containing 30-45% CH4) for 4-6 years. The two
other types of uncovered soil materials used for the
comparative study, UCS and USS, were collected
from a rice field, the foot of a mountain in the Taihu
Lake basin, Jiangsu Province, China (31°29'N,
119°59'E), and the foot of Zijing Mountain, in Nanjing, Jiangsu Province, China (32°04'N, 118°51'E).
The physicochemical properties of AR, CSS, UCS
and USS are listed in Table 1. All experimental materials were air-dried before use, then crushed and
sieved (mesh size, 2 mm) to remove large particulate
PDWWHUXQOHVVRWKHUZLVHVSHFL¿HG
Incubation assay. Batch experiments to determine microbial CH4 oxidation rates were carried out
at room temperature (25±1 qC) and soil water content of 15%, following the procedure of Zhang [15].
The contribution of AOB to MOP under different
levels of temperature and SMC between AR, CSS,
UCS and USS were carried out using the method described by Bodelier and Novikov, and all treatments
were prepared in triplicate[16, 24]. Subsamples of 20
g were placed into 250-mL serum bottles that were
then sealed tightly with a rubber septum, after which
2.5 ml acetylene (C2H2) gas was injected into each
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Analytical methods for the gas and soil
samples. The physicochemical properties of samples, such as pH, organic matter content, SMC,
NH4+-N and NO3í-N content, were determined using
standard protocols. Gas samples in the headspace
were analyzed for CH4 and N2O using an Agilent
7890A gas chromatograph fitted with an electron
capture detector and flame ionization detector. The
operational temperatures for the injection port, the
oven and the detector were 55qC, 200qC, and 360qC,
respectively [8].

bottle [16, 24]. Next, the bottles were incubated at
25±1°C in the dark on a shaker (145 rpm) under atmospheric pressure for 24 h. After C2H2 removal,
distilled water was added to reactors with a mini-pipette to adjust the SMC of all samples to 10%. Following this pre-incubation period, the reactors were
closed again, 5 ml of air was extracted and replaced
with 5 ml CH4 (minimum purity 99.99%) to give an
initial CH4 concentration of about 2% in the headspace, and the reactors were incubated for an additional 48 h. Another group of subsamples without
added C2H2 were used as a control group. The contribution of AOB to MOP was then calculated according to Eq. (1):
YAMOX=(VAíVB)/VA×100%
(1)
where YAMOX is the contribution of AOB to
MOP in samples (%); VA is the rate of total CH4 oxLGDWLRQLQVDPSOHV ȝPRO CH4 gí1soil hí1); VB is the
rate of CH4 oxidation by methanotrophs in samples
ȝPRO CH4 gí1soil hí1).

Statistical analysis. Statistical analysis of the
data was performed using a two-sample t-test and
analysis of variance (ANOVA) to identify differences between groups. A P-value <0.05 was considered to indicate statistical significance. All statistical
analyses were performed with SPSS 14.0.

RESULTS
Effects of temperature and SMC. To investigate the effects of temperature variation on the contribution of AOB to MOP in AR, CSS, USS and
UCS, samples were incubated at 4°C, 10°C, 15°C,
25°C and 30°C to simulate various climatic conditions that might affect the capacity for biological
CH4 oxidation in landfill cover soil [15]. It has been
reported that the optimum moisture levels for MOP
ranged from 10% to 30% SMC, and that the influence of SMC on MOP of the soil generally follows a
parabolic curve, with decreased MOP occurring under low and high SMC [12]. To investigate the effects of SMC on the contribution to MOP, distilled
water was added to adjust the SMC to 10%, 15%,
20%, 25% and 30%, after which samples were incubated as described in section 2.2.1.
Gas samples (2.0 ml) were taken after 0.5, 2, 6,
24, 36, and 48 h incubation from the headspace in
each bottle and analyzed immediately. The removed
sample volumes for CH4 determination were immediately replaced with the same volume of air in order
to keep the pressure constant within the headspace
of the bottles. The CH4 and N2O concentrations in
the bottles were plotted as a function of time and the
initial consumption rates or generation rates were determined from the best fit model using the method of
Börjesson [4]. The results were expressed as dry
weights (d.w.).

Effects of temperature on MOP and N2O
emissions. Fig. 1a illustrates MOP versus temperature for the four materials. Without C2H2, the MOP
increased with increasing temperature in all four
tested materials and the maximum MOPs were
achieved at 30°C. At tested temperatures within the
range of 4°C to 30°C, the average values for the
MOP of AR were about 2.57, 3.98 and 7.16 times
greater than the values observed for CSS (P<0.05),
UCS (P<0.05), and USS (P<0.05), respectively.
With C2H2, a similar increase in MOP was observed
in acetylene-treated materials, with the maximum
MOPs occurring at 30°C. At 30°C, AR had signifiFDQWO\ KLJKHU YDOXHV  ȝPRO &+4 gí1soil
hí1) than the other three types of materials, which
was about 2.55 times higher than that of CSS, 3.59
times higher than UCS and 5.37 times higher than
UCS. The average values for the MOP of AR at temperatures ranging from 4°C to 30°C were almost 2.52
(P<0.05), 3.78 (P<0.05) and 6.31 (P<0.05) times
greater than the values observed for CSS, UCS and
USS, respectively.
Samples exposed to C2H2 gases for 24 h
showed a slight decrease in MOP when compared to
samples without added C2H2 (Fig. 1a and 1b). Temperature strongly influenced the contribution of
AOB to MOP between with and without C2H2 gases
incubation. The contributions of AOB to MOP in the
four materials were directly proportional to temperature when the incubation temperature varied from
4°C to 30°C (Fig. 1a and b). At 4°C, there were no
VLJQL¿FDQW differences between samples treated with
and without C2H2 gases in UCS and USS. At 30°C,
AR had significantly higher values

Effects of Heavy metal addition. Heavy metal
salts (ZnCl2, K2Cr2O7 and CdCl2) were dissolved
separately in distilled water and added to the soil and
aged refuse together to reach a final concentration of
20 μg.g-1 d.w. for each heavy metal [18]. The soil
and aged refuse were pre-incubated together with the
heavy metal for 10 d.
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FIGURE 1
Effect of temperature on MOP using four different types of materials with the 15% SMC

(25.73±4.44%) than the other three types of materials. Specifically, its value was about 2.22 times
higher than CSS, 2.45 times higher than UCS and
4.26 times higher than USS. The average contribution of AOB to MOP of AR at temperatures ranging
from 4° to 30°C was 18.13±2.65%, which was about
2.15 (P<0.05), 2.49 (P<0.05) and 4.31 (P<0.05)
times greater than the values observed for CSS, UCS
and USS, respectively.
Temperature also strongly influenced the N2O
emissions substantially and N2O emissions from the

four tested materials were directly proportional to
temperature when the incubation temperature varied
from 4°C to 30°C (Fig. 1c and 1d). Unlike CH4 oxidation, N2O emissions showed a sharp decrease in
the four tested materials exposed to C2H2 gases when
compared to samples without added C2H2. There
were 169, 114, 76.59 and 20.98 times gaps for N 2O
emissions between with and without added C2H2 for
AR, CSS, UCS and USS, respectively. When without C2H2 treatment, the average N2O emissions in
AR were about 1.64 times higher than CSS (P<0.05),
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FIGURE 2
Effect of SMC on MOP using four different types of materials at the temperature of 25 °C

greater than those of CSS, UCS and USS, respectively. With C2H2, the maximum MOPs in all four
tested materials were observed at the SMC value of
20%, while the maximum MOP by AR was 2.53,
3.81, 5.64 times greater than those of CSS, UCS and
USS, respectively. The average values for the MOP
of AR at a SMC ranging from 10% to 30% were 2.47
(P<0.05), 3.69 (P<0.05) and 6.00 (P<0.05) times
higher than those of CSS, UCS and USS, respectively. Samples exposed to C2H2 gases for 24 h ahead
showed a decreased tendency with different degrees
of MOP relative to samples without added C2H2 during the 48 h incubation period (Fig. 2a and 2b). All
four materials demonstrated a more evident decrease

3.04 times higher than UCS (P<0.05) and 13.88
times higher than USS (P<0.05).
Effect of SMC on MOP and N2O emissions.
The maximum MOPs in the four materials were observed in the mid-range SMC value of 20% when the
C2H2 addition effect was excluded (Fig. 2a and 2b).
Under these conditions, the maximum MOP of AR
ZDV  ȝPRO &+4 gí1soil hí1, which was
about 2.63 times higher than CSS, 4.12 times higher
than UCS and 6.46 times higher than USS. The average values for the MOP of AR at an SMC ranging
from 10% to 30% were 2.52, 3.90 and 6.72 times

6312

© by PSP

Volume 26 ± No. 11/2017 pages 6308-6316

Fresenius Environmental Bulletin


hanced by using or adding high levels of organic material, such as sewage sludge, compost and
AR [8, 12].

when the SMC was 20%, and the decrease in USS
was not obvious when the SMC was 30%. The AR
with 20% SMC showed an obviously higher contribution of AOB to MOP than the other three types of
materials, which was about 2.21 times higher than
CSS, 2.45 times higher than UCS and 2.95 times
higher than USS. The average value for the contribution of AOB to MOP of AR at a SMC ranging
from 10% to 30% was 18.90±2.75%, which was
about 2.13 (P<0.05), 2.45 (P<0.05) and 2.56
(P<0.05) times greater than those of CSS, UCS and
USS, respectively.
Similar as the variations of incubation temperature, N2O emissions showed a sharp decrease in the
four tested materials exposed to C2H2 gases when
compared to samples without added C2H2 when the
SMC was less than 25% (Fig 2c and 2d). With the
SMC ranged from 10% to 20%, there were 145,
56.14, 47.43 and 11.73 times gaps for N2O emissions
between with and without added C2H2 for AR, CSS,
UCS and USS, respectively. When the SMC higher
than 20%, there was only 6-173% increase in the
four tested materials exposed to C2H2 gases when
compared to samples without added C2H2 (Fig 2c
and 2d).

40
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Effects of heavy metal addition. After pre-incubation by heavy metal, the inhibitor effect of the
contribution of AOB to MOP in the four tested materials varied substantially (Fig 3a). A comparison of
the contribution of AOB to MOP in aged refuse, to
which heavy metal had been added, with that in
which no such addition had been made, indicated a
negligible difference (13.61%). The CH4 oxidation
potentials in uncovered soil samples were however
inhibited (i.e. decreased about by a half). After the
addition of heavy metal, such inhibition occurred in
N2O emissions by the four tested materials as MOPs
and the degree of this inhibition was as follows:
AR<CSS<USS<UCS .(Fig 3b).
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1
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FIGURE 3
Inhibition of heavy metal on AOB to MOP and
N2O emissions
The content of NH4+-N and NO3í-N in AR and
CSS was also significantly higher than that in UCS
and USS (Table. 1). NH4+-N and NO3í-N acted as
nutrients for microorganisms at lower concentrations, and increasing the levels of NH4+-N and NO3íN in a certain range was favorable to the MOP. In
addition to methanotrophic bacteria, AOB that were
previously believed to be highly specific are now
known to be able to switch to CH4 oxidation due to
similarities in the molecular size and structure of
NH4+ and CH4, as well as the homology of NH4+ oxidizing enzyme ammonium monooxygenase (AMO)
and CH4 oxidizing enzyme methane monooxygenase
(MMO). There is indirect evidence of CH4 oxidation
by AOB for the use of landfill leachate, fertilizer or
livestock wastewater as pretreatment material; however, the results of the present study indicated that
the enhanced MOP was attributed to the co-oxidation by accumulated AOB [5,7, 27].
Moreover, the experimental AR and CSS were
exposed to an environment with high concentrations
of CH4 for more than 4 years, which has been reported to result in excellent MOP performance when

DISCUSSION
Effect of material properties. The physicochemical properties of the tested materials are intrinVLFIDFWRUVLQÀXHQFLQJWKH0237KHRUJDQLFFRQWHQW
of AR was 2.73±7.22 times higher than that for the
uncovered soil materials (Table 1). Previous studies
have established strong relationships between methanotrophic activity and/or diversity and organic matter content [22, 25]. Materials rich in organic matter
are known to have higher MOP, and a reduced quality of organic matter will lead to substrate limitation
of the microbial metabolism [26]. Our results agree
with those of laboratory studies that have demonstrated that the MOP in tested samples can be en-
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ble for its toxic effect [33]. The effect of heavy
metals on MOP by AOB in aged refuse and other
three soil samples declines after addition (Fig 3).
This is contrary to the findings of Mohanty. All the
heavy metals that were tested inhibited MOP under
flooded conditions in the alluvial soil and the degree
of this inhibition was as follows: Zn>Cr>Cd>Ni>Cu
[18]. It can thus be concluded that in the aged refuse,
re-solubilization of these heavy metals to the exchangeable phase is not likely to be a major concern.
Due to higher levels of Ca, Fe and Al oxides in aged
refuse in comparison to that of soil samples, the
heavy metals should be mainly presented in the residual carbonate and oxy-hydroxide fractions [34].
This result agrees with a previous investigation on
heavy metal adsorption by Yuan [35]. It was also
found that both the elevation of organic matter and
the accumulation of AOB alleviated the inhibitory
effect of heavy metals on MOP in aged refuse.

compared with the uncovered soil materials USS and
UCS [28, 29]. Therefore, the experimental AR and
CSS were much endurance to the variations of environmental factors than uncovered soil samples (Fig
1-3).
Variations of environmental factors. Temperature is a key factor influencing the population
structure and diversity of AOB, as well as the activities of the key enzymes, methane monooxygenase
(MMO) and ammonia monooxygenase (AMO),
which play a critical role in the CH4 and ammonia
oxidation process [30]. The decline in the contribution of AOB to MOP at low temperatures was likely
due to inhibition of the AOB concentration and the
process of substrate utilization by AOB. According
WRWKHYDQ¶W+RII-Arrhenius equation, the growth rate
of microorganisms doubles with each 10°C increase
in temperature [12]. The contributions of AOB to
MOP in the four materials were directly proportional
to temperature and were significantly decreased by
low temperature (Fig. 2). Urakawa observed a similar decrease in the phylogenetic diversity of AOB in
aquarium biofiltration systems at low temperature,
while Wolfe found no AOB when the water temperature was below 16°C to 18°C[31, 32].
SMC is also considered an essential factor for
micro-organisms to sustain their activity in landfill
bio-cover, and the optimum SMC depends on the
composition of the material [12]. At optimum SMC,
the maximum gas phase molecular diffusion occurs
and there is sufficient SMC to achieve microbial activity to oxidize the CH4. The decreased oxidizing
capacity at higher SMC is probably due to reduced
diffusion of CH4 and/or O2 between the gas-phase
and the soil, and the low solubility of CH4 in water
enhances this effect. Additionally, a minimum SMC
is necessary to maintain the physiological cell functions of the bacteria [7]. Excluding the effects of adding C2H2 at 25°C, the maximum MOPs for the four
materials were observed at the mid-range SMC value
of 20% (Fig. 2). The decreased contribution at higher
SMC was likely due to reduced diffusion of O2 between the gas-phase and the soil. Several investigators [9, 25] reported the optimum SMC for MOP in
ODQG¿OO FRYHU VRLOV WR EH LQ WKH UDQJH RI -22%,
which is consistent with the results of the present
study. The highest MOP of 2.12± ȝPRO &+4
gí1soil hí1 was observed in AR, which was about
5.93 times greater than that adsorbed in 5-year-old
AR reported by Yue et al. (2011) (0.43 ȝPRO &+4
gí1soil hí1), and several times higher than those of
other reported materials [4, 6, 9].
Effect of heavy metal addition. Heavy metals
are toxic to biological systems, including the process
of CH4 oxidation by AOB. It is indicated that the soluble component of heavy metals is mainly responsi-

N2O emissions. N2O is formed in the soil during biological denitrification and nitrification processes, but controlling its emissions is difficult [15,
36]. N2O was primarily derived from nitrification at
low and moderate soil moisture contents, while denitrification became dominant at a soil moisture content greater than 60% wfps due to the O2 deficiency
[15, 23]. Due to the accumulation of ammonia-oxidizing bacteria and the elevation of both carbon and
nitrogen substrates in aged refuse, the flues of N2O
emissions increase more substantially over that of
the three soil samples (Fig. 1-2). When the SMC was
more than 20% in this study, N2O emissions showed
a sharp increase in the four tested materials compared to SMC ranged from 10-20% without added
C2H2 (Fig 2d).
N2O contributes to the greenhouse effect, with
a global warming potential of approximately 296
times that of CO2 [1]. A calculation of the CO2equivalent indicates that N2O emissions reported
from a municipal solid waste landfill site indicated
that this was three orders of magnitude lower than
that of CH4 fluxes [15]. The reported CO2-equivalent
of CH4 fluxes, indicated that these was responsible
for more than 90% of the total three greenhouse gas
emissions (CH4, CO2 and N2O) [15]. The increased
emissions of N2O and CO2 from the aged-refuse biocover material were therefore negligible, when compared to the much higher greenhouse gas potential of
CH4.

CONCLUSIONS
The contribution of AOB to CH4 oxidation and
N2O emissions under heavy metal addition, variations of soil temperature and moisture content was
evaluated using the four tested materials. At the
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Yatsunyk, L.A., Stemmler, T.L.,
Rosenzweig, A.C. (2010) Oxidation of methane
by a biological dicopper centre. Nature 465,
115-119.
[7] Zhang, Y., Zhang, H.H., Jia, B., Wang, W., Zhu,
W., Huang, T.Y., & Kong, X. (2012) Landfill
CH4 oxidation by aged refuse: Effects of NH4+N incubation, water content and temperature.
Sci. Total Environ. 426, 406-413.
[8] Zhang, H.H., Yan, X.F., Cai B.C. (2015) The effects of aged refuse and sewage sludge on landfill CH4 oxidation and N2O emissions: Roles of
moisture content and temperature. Ecol. Engin.
74, 345±350.
[9] Gebert, J., Singh, B.K., Pan, Y., Bodrossy, L.
(2009) Activity and structure of methanotrophic
communities in landfill cover soils. Environ.
Microbiol. Rep. 1, 414-423.
[10] Henneberger, R., Lüke, C., Mosberger, L., &
Schroth, M.H. (2012). Structure and function of
methanotrophic communities in a landfill-cover
soil. FEMS Microbiol. Ecol. 81, 52-65.
[11] Chanton, J.P., Powelson, D.K., Abichou, T.,
Fields, D., Green, R. (2008) Effect of temperature and oxidation rate on carbon-iso-tope fractionation during methane oxidation by landfill
cover materials. Environ. Sci. Technol. 42,
7818-7823.
[12] Einola, J.-K.M., Karhu, A.E.K., Rintala, J.A.
(2008) Mechanically±biologically treated municipal solid waste as a support medium for microbial methane oxidation to mitigate landfill
greenhouse emissions. Waste Manage. 28, 97111.
[13] Kettunen, R.H., Einola, J.-K.M., Rintala, J.A.
(2006) Landfill methane oxidation in engineered soil columns at low temperature. Water,
Air, Soil Pollut. 177, 313-334.
[14] Streese-Kleeberg, J., Rachor, I., Gebert, J., Stegmann, R. (2011) Use of gas push±pull tests for
the measurement of methane oxidation in different landfill cover soils. Waste Manage. 31, 9951001.
[15] Zhang, H.H., He, P.J., Shao, L.M. (2009) N2O
emissions at municipal solid waste landfill sites:
Effects of CH4 emissions and cover soil. Atmos.
Environ. 43, 2623-2631.
[16] Novikov, V.V., Stepanov, A. L. (2002) Coupling of microbial processes of methane and ammonium oxidation in soils. Microbiology. 71,
234-237.
[17] Ji, Y., Liu, G., Ma, J., Zhang, G.B., Xu, H.,
Yagi, K. (2013) Effect of controlled-release fertilizer on mitigation of N2O emission from
paddy field in South China: a multi-year field
observation. Plant Soil. 371, 473-486.
[18] Mohanty, S.R., Bodelier, P.L.E., Floris, V.F.,

same incubation environments, the contribution of
AOB to MOP appeared to be higher in AR and CSS
due to the high level of organic matter and a longterm exposure to high CH4 concentrations. The contribution of AOB to MOP in four materials was directly proportional to temperature when the incubation temperature varied from 4°C to 30°C. Owing to
inhibition of the AOB concentration and the process
of substrate utilization by AOB, there was a steep decline in the contribution of AOB to MOP at low temperature. The maximum values for the contribution
of AOB to MOP were obtained for the four materials
with 20% SMC. Due to reduced diffusion of O2 between the gas-phase and soil, there appeared to be a
reduction of the contribution of AOB to MOP at
higher SMC. N2O emissions were in the four tested
materials also controlled substantially when the
SMC less than 20%.
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EFFECTS OF NaCl ON GERMINATION AND SEEDLING
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and develop over the fields with salinity problems
economically is mostly focused on in recent researches. Significant differences were observed in
salt tolerance of plants based on family, genus and
species and there may even be significant differences in salt tolerance of the varieties of the same
species [6, 7].
A total of approximately 170 Onobrychis species exists throughout the world mainly in southwestern Asia, Mediterranean region, and temperate
Europe and Asia [8, 9, 10]. Of 55 Onobrychis species, 28 are endemic to Turkey [10, 11, 12, 13, 14].
These species have quite high adaptation capability
and are resistant to drought, therefore they have
important potential in livestock feeding, pasture and
grassland reclamation and preservation [15, 16].
Today, biotic and abiotic stressors greatly limit
cultural activities and genetic bases for culture
crops are quite narrowed. Thus, the crops and plants
already existing in natural flora have become prominent as genetic material for the sustainability of
agricultural activities.
Although there are several studies about the
effects of salinity on growth and development of
several plants, the studies on Onobrychis species
are quite limited. Greub et al, [17] indicated sainfoin (Onobrychis viciifolia) as highly resistant to
NaCl. Torell et al. [18] indicated sainfoin as welltolerant to salinity and reported the yield loss as
30% at 10 dS/m and 65% at 13 dS/m salinity level.
Özaslan-Parlak and Parlak [19] reported decreasing
plant height, dry matter yield and crude protein
ratio of sainfoin with increasing irrigation water
salinity levels. Beyaz et al. [20] investigated the
effects of NaCl on germination and seedling characteristics of O. vicifolia and O. oxyodonta var. armena and indicated that there were not any decreases in germination and seedling characteristics of
both species until the salinity concentration of 10
dS/m and O. vicifolia exhibited faster germination
under salt stress than O. armena. Shakirov et al.
[21] indicated that growth suppression initiated in
O. transcaucasica and O. chorassanica after 200
mM NaCl and reported 300 mM NaCl as the critical
level for the plants. Researchers also indicated that
O. chorassanica was more resistant to salinity than
O. transcaucasica. Karamian and Ataei-Barazandeh
[22] reported decreasing germination rates in O.

ABSTRACT
In this study, 13 different Onobrychis taxa and
genotypes were exposed to different NaCl concentrations (5, 10, 15 and 20 dS/m) and classified for
their salt tolerances. Responses of 13 genotypes to
salinity were compared for seed germination frequency, mean germination time (MGT) and plant
growth parameters (shoot and root length, seedling
fresh and dry weight). Increasing salinity levels
remarkably decreased seed germination and shoot
length, root length, seedling fresh weight but increased MGT. Current findings revealed that the
effects of increasing NaCl doses varied based on
genotypes. It was observed that all Onobrychis taxa
could tolerate to a salinity level up to 10 dS/m, but
Onobrychis stenostachya subsp. sosnowskyi, Onobrychis paucijuga and Onobrychis vicifolia were
considered as more tolerant than the other taxa
particularly at 15 dS/m salinity level. The taxa O.
gracilis, O. cilicica and O. podperae were classified
as moderately sensitive and the others were classified as moderately tolerant at germination and early
seedling stage.
KEYWORDS:
Germination, Onobrychis, Salinity stress

INTRODUCTION
Salinity is the greatest stress factor influencing
plant production throughout the world. About 20%
of irrigated lands and 6% of agricultural lands
worldwide are influenced by salinity [1, 2]. Starting
from germination, salinity influences various physiological and biochemical processes in plants and
ultimately results in significant yield losses [3, 4].
Salts can be leached through soil profile to
mitigate the harmful effects of salinity. However,
this approach brings together an extra irrigation and
drainage cost and also it is not considered economic
since more fresh and high quality water resource is
used [5]. In recent years, researchers have been
searching for different precautions to minimize salt
damages on plants. Among them, identification of
plant species and cultivars which are able to grow
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subnitens, O. viciifolia and O. melanotricha with
increasing salinity levels and indicated that germination was totally terminated at 400 mM NaCl
level. As it was seen in literature, there are limited
studies about salt tolerance of wild Onobrychis taxa
existing in natural flora. Therefore, the present
study was conducted to investigate the salt responses of some taxa in Onobrychis section in germination and seedling development stages.

tion. The papers were replaced every 2 days to
prevent the accumulation of salt. Seeds were allowed to germinate in dark at 20±1 qC for 14 days
[25]. A seed was considered as germinated when
the emerging radicle was over 2 mm long. The
germination percentage was recorded every 24
hours for 14 days. Mean germination time (MGT)
was calculated for the rate of germination [26] with
the following formula:
MGT=f1.t1+f2.t2+f3.t3««fn.tn./ f1+f2+f3«In

MATERIALS AND METHODS

Where f1, f«« are the number of newly germinated seeds at times t1, t2, t3« days of counting). Root and shoot lengths and fresh weights were
measured on the 15th day. Dry weights were measured after drying samples at 70 qC for 48 h in an
oven.
Varieties were classified as tolerant (T=0-20%
growth reduction), moderately tolerant (MT=2141% reduction), moderately susceptible (MS=4160% reduction) and susceptible 6 UHGXFWLRQ 
according to Fageria [27] and Ologundudu et al.
[1]. Classification was based on shoot length reduction at different levels of salt exposure.
Experiments were conducted in completely
randomized factorial design with 2 factors. The first
factor was genotypes and the second factor was
NaCl levels. Data given in percentages were subjected to arcsine transformation before statistical
analysis. For all investigated parameters, an analysis of variance was performed using SPSS 16 for
Windows. Significant differences among the mean
values were compared with LSD test (P<0.05).

The 13 Onobrychis taxa and genotypes were
collected and identified in 2006-2008. Voucher
specimens and their seeds were conserved in the
Herbarium of Ankara University, Faculty of Agriculture, Department of Field Crops. Nine of these
materials belong to different taxa and 4 of them
belong to Onobrychis viciifolia Scop (Table 1).
Seeds of taxa were obtained from plants grown at
the same field under similar cultural practices in
Field Crops Department of Ankara University Agricultural Faculty.
The NaCl concentrations were arranged as 5,
10, 15 and 20 dS/m. Distilled water served as a
control (0 dS/m). Before the germination experiments, mechanical scarification was performed by
drawing the seed coat with a scalpel. Four replicates
of 25 seeds for each genotype (25 x 4) were germinated between three rolled filter papers (20x20 cm)
with 10 ml of relevant test solution to determine
germination values [23, 24]. Each rolled paper was
placed in a sealed plastic bag to prevent evapora-

TABLE 1
List and origin of the Onobrychis taxa
No.
1
2*
3*

4*
5*

6*

Name of taxa
Onobrychis gracilis Besser
Onobrychis fallax Freyn & Sint. ex
Freyn var. longifolia Aktoklu
Onobrychis sulphurea Boiss. Et
Bal. var. sulphurea (C. Koch)
Tvzel.
Onobrychis cilicica Kit Tan &
Sorger
Onobrychis pisidica Boiss.

7*
8*

Onobrychis stenostachya subsp.
Sosnowskyi
Onobrychis paucijuga Bornm.
Onobrychis beata âLUM

9*

Onobrychis podperae âLUM

10

O. viciifolia genotype 1

11
12
13

O. viciifolia genotype 2
O. viciifolia genotype 3
O. viciifolia genotype 4

Abbreviations
$GDQD3R]DQWÕ
Malatya, Arguvan

Latitude (N)
37°24'31"
39°00'02"

Longitudem(E)
31°52'44"
38°12'27"

Altitude m)
780
1410

.D\VHUL+LVDUFÕN

38°37'38"

35°31'39"

1514

Mersin, between Mut
WR.ÕUREDVÕ
Isparta,
ùDUNLNDUDD÷Do
Örenköy village
Kars, Akyaka

36°41'38"

33°37'27"

1095

38°06'04"

31°13'27"

1341

40°45'10"

43°38'00"

1536

38°42'49"
37°24'23"

33°00'38"
35°02'55"

940
1435

39°02'22"

29°25'42"

820

39°05'53"

19°28'51"

887

40°54'07"
39°33'43"

32°04'09"
41°44'32"

642
1878

Konya, Cihanbeyli
$GDQD
.DUDLVDOÕ
.Õ]ÕOGD÷SODWHDX
Kütahya,
between
Gediz to Emet road
Kütahya,
Gediz,
Çavdarisar
Bolu, Mengen
(U]XUXP+ÕQÕV
Gözlü population

*: endemic taxa

6318

© by PSP

Volume 26 ± No. 11/2017 pages 6317-6323

Fresenius Environmental Bulletin

dS/m salinity level. At the salinity level of 15 dS/m,
more than %40 decrease was observed in shoot
length of O. gracilis, O. fallax var. longifolia var.
longifolia, O. sulphurea, O. cilicica, O. pisidica, O.
beata, O. podperae. On the other hand, O.
stenostachya subsp. sosnowskyi, O. paucijuga, and
O. viciifolia genotypes showed better performance
than the other taxa at 20 dS/m.
Root lengths were also influenced by increasing salt doses. Except for O. gracilis, O. sulphurea,
O. pisidica, O. stenostachya subsp. sosnowskyi, and
O. podperae, increasing salt doses decreased root
lengths of the taxa. At 15 dS/m salinity level, O.
gracilis, O. fallax var longifolia, O. beata, O. podperae had serious reductions in root lengths than the
other taxa (>40%). At 20 dS/m salinity level, more
than 60% decrease was observed in root lengths of
O. gracilis, O. fallax var. longifolia, O. cilicica, O.
paucijuga,, O. beata, and O. podperae. As compared to all the other genotypes, O. stenostachya
subsp. sosnowskyi showed the least reduction in
root length with %27.8 at 20 dS/m salinity level.
As a result of reduction in shoot and root
lengths, seedling fresh weight also decreased with
increasing salinity levels, especially with NaCl
levels of 15 and 20 dS/m. The decline in seedling
fresh weight was more remarkable in O. gracilis
and O. podperae than the other taxa at salinity level
of 15 dS/m (>60%) and in O. gracilis, O. cilicica,
O. pisidica, O. beata, O. podperae at salinity level
of 20 dS/m (>60%). Current findings were confirmed by the results of earlier studies indicating
decreasing seedling fresh weights with increasing
salinity levels in Oryza sativa [36], in Glycine max
[37], in O. viciifolia and O. oxydonta var . armena
[20] and in maize [38].
With regard to seedling dry weights, a different response was observed against increasing salinity levels. Seedling dry weights decreased only in O.
gracilis with increasing salt doses and the values
either increased in other genotypes or the differences from control treatments were not significant.
Current findings were similar with the results of
Day et al. [39] for sunflower, Kaya et al. [30] for
linseed and Piwowarczyk et al. [35] for grasspea.
Day et al. [39] indicated the reason for decreasing
seedling fresh weights while unchanging dry
weights as the increasing dry matter contents under
salt stress. Piwowarczyk et al. [35] emphasized
seedling dry weights as a significant indicator of
salt stress and unchanged dry matter contents under
salt stress as the initiation of adaptation mechanism
to stress conditions.
Correlation analyses revealed that while there
were significant positive correlations of germination percentage with shoot length, root length, seedling fresh and dry weights; negative correlations
were observed with MGT (Table 3). Among seedling characteristics, a strong positive correlation
was observed among shoot length, root length and

RESULTS AND DISCUSSION
The present study was conducted to determine
NaCl-response of some Onobrychis taxa in germination and seedling stages. Current findings revealed that genotype x NaCl level interactions were
significant for all traits (Table 2). Significant genotype x NaCl level interactions indicated that the
effects of increasing NaCl doses on investigated
traits varied based on genotypes. Considering the
germination percentages, it was observed that while
increasing salt doses did not significantly influence
germination percentages in Onobrychis viciifolia
genotypes and O. stenostachya subsp. sosnowskyi,
they significantly decreased germination rates in O.
paucijuga and O. podperae. On the other hand,
germination rates significantly decreased in O.
gracilis, O. fallax var. longifolia and O. pisidica at
15-20 dS/m salt dose. Similarly, different saltresponses and decreasing germination rates were
reported for different varieties or species of Lycopersicon [28], sainfoin [20], maize [29], linseed
[30] and eggplant [31].
Mean germination time (MGT) varied between 1.2-8.5 days. In general, germination times
increased in all taxa with increasing salt doses.
However, increase ratios varied based on genotypes
and salt doses. The least increase in MGT at 15
dS/m NaCl dose was observed in O. paucijuga and
O. stenostachya subsp. sosnowskyi and at 20 dS/m
NaCl dose only in Onobrychis stenostachya subsp.
sosnowskyi. In other taxa, 15-20 dS/m salt doses
resulted in significant increases in MGT. In general,
increasing salt doses prolonged mean germination
times. Current findings were similar with the results
of Tuncer [32], Kaya et al. [33] and Hakim et al.
[34]. 8\DQÕNet al. [6] and Piwowarczyk et al. [35]
indicated the reasons of prolonged germination
times and low germination percentage as osmotic
stress created by NaCl doses, consequently reduced
water intake of plants or toxic impacts of Na and Cl
ions.
Seedling characteristics (shoot length, root
length, seedling fresh and dry weight) were also
influenced by increasing salt doses. Shoot lengths
varied between 36.2-11.3 mm in O. gracilis, between 44.1-15.5 mm in O. fallax var. longifolia,
between 42.1-16.3 mm in O. sulphurea, between
35.9-11.7 mm in O. cilicica, between 46.9-14.9 mm
in O. pisidica, between 34.1-16.2 mm in O.
stenostachya subsp. sosnowskyi, between 38.2-18.5
mm in O. paucijuga, between 41.5-11.7 mm in O.
beata, between 32.5-8.5 in O. podperae, and between 60.3-25.7 in O. viciifolia genotypes. In general, significant decreases were observed in shoot
length of all taxa with increasing salt doses. However, O. gracilis, O. sulphurea, O. cilicica, O.
beata, O. podperae, O. viciifolia genotype no:3
(>20%) exhibited higher reduction rates in shoot
lengths than the other taxa and genotypes at 10
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findings of Benlioglu and Özkan [40] and Hussain
et al. [2].

TABLE 2
Germination and seedling growth parameters of Onobrychis taxa as affected by NaCl levels
Name of taxa

NaCl

Onobrychis gracilis

0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20

Onobrychis fallax
var. longifolia

Onobrychis sulphurea var. sulphurea

Onobrychis cilicica

Onobrychis pisidica

Onobrychis
stenostachya subsp.
sosnowskyi

Onobrychis
paucijuga

Onobrychis beata

Onobrychis podperae

Onobrychis viciifolia Scop.
Genotype 1

Onobrychis viciifolia Scop.
Genotype 2

Onobrychis viciifolia Scop.
Genotype 3

Onobrychis viciifolia Scop.
Genotype 4

Genotype (A)
NaCl (B)
A×B
LSD int (p<0.05)

Germination
Freq. (%)
100 (90.0)
100 (90.0)
100 (90.0)
70 (56.9)
29 (32.3)
100 (90.0)
100 (90.0)
100 (90.0)
90 (72.1)
78 (63.7)
100 (90.0)
100 (90.0)
99 (87.1)
95 (77.2)
49 (44.4)
99 (87.1)
99 (87.1)
93 (77.6)
93 (75.1)
67 (55.0)
100 (90.0)
100 (90.0)
100 (90.0)
75 (60.1)
67 (55.1)
100 (90.0)
100 (90.0)
100 (90.0)
100 (90.0)
98 (85.9)
89 (72.8)
97 (82.9)
79 (63.2)
70 (57.1)
38 (37.9)
99 (87.1)
98 (84.2)
97 (84.9)
96 (82.1)
58 (49.8)
99 (87.1)
96 (80.1)
79 (63.2)
61 (51.5)
26 (30.4)
99 (87.1)
100 (90.0)
98 (84.2)
98 (85.9)
94 (76.0)
100 (90.0)
100 (90.0)
100 (90.0)
100 (90.0)
100 (90.0)
99 (87.1)
99 (87.1)
100 (90.0)
100 (90.0)
96 (78.5)
100 (90.0)
100 (90.0)
99 (87.1)
94 (76.0)
92 (78.3)

MGT
(day)
3.8
5.2
6.4
6.5
8.5
2.5
3.1
4.2
5.1
6.2
1.9
2.0
2.8
3.9
5.3
2.9
3.7
6.2
7.5
7.7
2.9
3.5
5.9
6.7
7.9
1.5
1.7
1.8
2.0
2.1
2.0
2.3
2.5
2.6
3.9
2.0
2.2
3.2
3.6
5.5
2.9
3.9
4.9
7.8
7.6
1.4
1.5
1.7
2.1
2.8
1.5
1.5
1.6
2.1
2.7
1.3
1.9
2.2
2.4
3.8
1.2
1.2
1.7
1.9
2.8

Shoot
length(mm)
36.2
29.9
25.0
14.8
11.3
44.1
44.8
35.5
25.7
15.8
42.1
38.0
30.3
23.5
16.3
35.9
33.7
17.7
13.9
11.7
46.9
42.5
38.1
23.1
14.9
34.1
34.9
29.3
22.5
16.2
38.2
36.8
32.6
27.5
18.5
41.5
38.3
30.8
18.4
11.7
32.5
31.9
21.0
11.2
8.5
60.3
60.2
51.9
40.4
29.9
57.1
51.4
48.4
40.3
29.8
56.5
60.1
42.9
35.5
25.7
60.1
57.2
51.1
41.8
26.1

Root length
(mm)
57.5
61.5
56.2
28.9
18.7
60.3
57.4
49.8
34.5
22.1
69.4
75.8
74.5
50.5
31.0
53.1
34.7
38.9
35.7
17.1
40.8
48.5
47.0
28.8
19.9
29.9
35.0
37.2
31.7
21.6
74.3
72.7
67.1
50.4
27.9
103.8
100.4
88.6
57.4
26.6
57.6
59.2
47.7
15.0
4.5
104.7
89.4
87.6
68.8
52.7
110.9
96.3
89.2
70.5
56.5
79.1
79.9
60.6
60.1
47.6
97.5
69.2
73.8
73.6
45.6

Seedling fresh weight
(mg/seedling)
87.9
70.9
65.8
34.7
31.9
121.7
102.8
84.3
67.3
53.1
138.0
116.2
98.2
76.5
56.9
95.6
85.5
59.2
50.1
32.8
134.2
117.6
97.8
64.9
51.8
50.7
52.4
43.8
36.2
26.4
125.7
111.5
93.7
83.9
51.6
163.4
148.8
111.6
82.2
56.2
73.5
63.2
46.9
26.7
20.3
226.1
217.5
184.1
150.1
112.7
221.7
192.9
177.5
141.8
101.2
158.0
177.4
133.9
126.7
80.5
199.1
192.1
167.9
146.6
102.3

Seedling dry weight
(mg/seedling)
5.8
5.5
5.5
4.7
4.4
7.1
6.8
7.5
7.4
7.7
7.6
8.5
9.0
9.7
9.0
5.2
6.6
7.0
6.9
5.6
7.6
7.9
7.9
7.9
7.7
2.2
2.3
2.2
2.5
2.2
4.8
5.3
5.5
6.0
5.1
9.8
9.5
10.5
10.2
9.8
3.5
3.7
3.8
5.0
3.5
11.8
12.3
13.2
13.2
12.9
9.8
10.7
11.2
11.6
10.8
6.7
9.8
9.1
9.5
8.8
10.9
14.2
13.6
14.8
14.8

**
**
**
7.56

**
**
**
0.64

**
**
**
3.15

**
**
**
8.33

**
**
**
12.51

**
**
**
0.93

** Significant at p<0.01, the values in brackets show arcsine transformed values
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TABLE 3
Correlations among the 13 genotypes across five NaCl salinity levels.
(GP) Germination Percentage
(MGT) Mean Germination Time
(SL) Shoot Length
(RL) Root Length
(SFW) Seedling Fresh Weight
(SDW) Seedling Dry Weight

GP
1
-0.620**
0.619**
0.564**
0.496**
0.252**

MGT

SL

RL

SFW

SDW

1
-0.758**
-0.681**
-0.680**
-0.323**

1
0.801**
0.908**
0.470**

1
0.871**
0.540**

1
0.705**

1

** : Significant at the 0.01 probability level
TABLE 4
Effects of salinity on shoot length reduction of different Onobrychis taxa and classification
for salt tolerance
Name of taxa
1
2
3
4
5
6
7
8
9
10
11
12
13

Salinity levels (dS/m)
5
10
17.40 (T)
30.94 (MT)
-1.59 (T)
19.50 (T)
9.74 (T)
28.03 (MT)
6.13 (T)
50.70 (MS)
9.38 (T)
18.76 (T)
-2.35 (T)
14.08 (T)
3.66 (T)
14.66 (T)
7.71 (T)
25.78 (MT)
1.85 (T)
35.38 (MT)
0.17 (T)
13.93 (T)
9.98 (T)
15.24 (T)
-6.37 (T)
24.07 (MT)
4.83 (T)
14.98 (T)

15
59.12 (MS)
41.72 (MS)
44.18 (MS)
61.28 (S)
50.75 (MS)
34.02 (MT)
28.01 (MT)
55.66 (MS)
65.54 (S)
33.00 (MT)
29.42 (MT)
37.17 (MT)
30.45 (MT)

20
68.78 (S)
64.17 (S)
61.28 (S)
67.41 (S)
68.23 (S)
52.46 (MS)
51.57 (MS)
71.81 (S)
73.85 (S)
50.41 (MS)
47.81 (MS)
54.51 (MS)
56.57 (MS)

Mean
44.06 (MS)
30.95 (MT)
35.81 (MT)
46.38 (MS)
36.78 (MT)
24.56 (MT)
24.48 (MT)
40.24 (MT)
44.15 (MS)
24.38 (MT)
25.61 (MT)
27.35 (MT)
26.71 (MT)

T: Tolerant, MT: Moderately Tolerant, MS: Moderately Sensitive, S: Sensitive
Percent reduction of respective controls
rea and O. pisidica can be gathered under another
group (30.95-40.24 reduction).

Salt tolerance is defined as the plant ability to
survive and complete life cycle under saline conditions. It is a complex process including different
mechanisms [41]. Plant growth under salt stress is
used as a common criterion to screen the genotypes
for their salt tolerance (42, 43, 44,7). Hussain et al.
[2] reported strong correlations among shoot parameters and indicated that these parameters may
serve a significant selection criterion for salt tolerance of the plants. When the Onobrychis taxa were
classified based on reductions in shoot lengths, it
was observed that all taxa were classified as tolerant
at 5 dS/m NaCl dose; O. fallax var. longifolia, O.
pisidica, O. stenostachya subsp. sosnowskyi, O.
paucijuga and O. vicifolia genotypes were classified as tolerant at 10 dS/m dose; O. stenostachya
subsp. sosnowskyi, O. paucijuga and O. vicifolia
genotypes were classified as moderately tolerant at
15 dS/m dose; O. stenostachya subsp. sosnowskyi,
O. paucijuga and O. viciifolia genotypes were classified as moderately sensitive and the others as
sensitive at 20 dS/m salt dose (Table 4). When the
average of all salt doses were considered based on
the reduction in shoot lengths, it was observed that
O. gracilis, O. cilicica and O. podperae genotypes
were classified as moderately sensitive (44.0646.38% reduction) and the others were classified as
moderately tolerant. Of the moderately tolerant
genotypes, O. stenostachya subsp. sosnowskyi, O.
paucijuga and O. viciifolia can be assessed under
one group (24.35-27.35% reduction) and the genotypes O. beata, O. fallax var. longifolia, O. sulphu-

CONCLUSIONS
It was concluded that increasing salt concentrations were detrimental to seed germination and
seedling growth, but the critical concentration differed among the genotypes. All Onobrcyhis taxa
could tolerate salinity levels up to 10 dS/m. But
particularly at 15 dS/m salinity level, O. cilicica,
and O. podperae were found to be more sensitive to
salt stress than the other taxa and O. stenostachya
subsp. sosnowskyi, O. paucijuga and O. vicifolia
Scop. genotypes were considered as more tolerant
than the other taxa. It was also concluded in this
study that these species could be used in further
studies to be carried out to investigate the effects of
salinity on plant growth and physiology in different
growth stages and further study should be performed to classify Onobrychis taxa for salinity
tolerance under field conditions at the whole plant
growth stage.
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SDUWLFXODUVLJQLILFDQFHDVVRLOEDFWHULDOFRPPXQLW\
LPSURYHVVRLOTXDOLW\E\UHF\FOLQJQXWULHQWV
&KORUS\ULIRV>22GLHWK\O2WULFKORUR
S\ULG\O SKRVSKRURWKLRDWH@ DQ RUJDQRSKRVSKRUXV
SHVWLFLGHLVH[WHQVLYHO\XVHGZRUOGZLGHIRUDJULFXO
WXUDOSHVWFRQWURO>@7KHDSSOLFDWLRQRIFKORUS\U
LIRV SURGXFHV DSSDUHQW HIIHFWV RQ WKH VRLO EDFWHULDO
FRPPXQLWLHV>@+RZHYHUWKHDSSURDFKHVXVHG
LQWKHSDVWVWXGLHVIRUH[DPLQLQJSHVWLFLGHHIIHFWVRQ
EDFWHULDOGLYHUVLW\ZHUHOLPLWHGWRWUDGLWLRQDOSKHQR
W\SHEDVHG PHWKRGV VXFK DV SODWHFRXQWLQJ
>@PLFURELDOELRPDVV>@DQG%,2/2*
>@ZKLFKIUHTXHQWO\IDLOHGWRGHWHFWVXEWOHFKDQJHV
LQEDFWHULDOFRPPXQLW\FRPSRVLWLRQRUHYHQOHGWR
LQFRUUHFWFRQFOXVLRQV,WLVZHOONQRZQWKDWWKHPD
MRULW\RIPLFURRUJDQLVPVLQWKHHQYLURQPHQWDUHXQ
FXOWLYDEOHDQGGRQRWIRUPYLVLEOHFRORQLHVRQSODWHV
>@7KHUHIRUHPRUHWKDQRIPLFURRUJDQLVPV
LQVRLODUHXQGHWHFWDEOHE\FXOWXUHGHSHQGHQWPHWK
RGVSODWHFRXQWLQJRU%,2/2*:KHQDSHVWLFLGHLV
XVHG WKH VHQVLWLYH PLFURRUJDQLVPV FDQ EH VXS
SUHVVHG EXW VRPH RSSRUWXQLVW PLFURRUJDQLVPV PD\
GHYHORSDQGFRPSHQVDWHIRUWKHORVVRIWRWDOELRPDVV
LQVRLO7KHUHIRUHWRWDOELRPDVVDOVRFDQQRWUHIOHFW
WKHFKDQJHVLQPLFURELDOFRPPXQLW\
,QFRQWUDVWKLJKWKURXJKSXWWDJHQFRGHG)/;
S\URVHTXHQFLQJ FDQ SURYLGH XQSUHFHGHQWHG UHVROY
LQJSRZHUIRUWKHGLVWULEXWLRQDQGGLYHUVLW\DQDO\VLV
RIEDFWHULDOFRPPXQLW\LQYDULRXVFRPSOH[HQYLURQ
PHQWVVXFKDVWKHGHHSVHD>@DQGVRLO>@7KLV
DSSURDFKLVKLJKO\XVHIXOWRH[WHQGRXUXQGHUVWDQG
LQJRIWKHSHVWLFLGHHIIHFWVRQVRLOPLFURELDOFRPPX
QLWLHV0RUHRYHUIHZVWXGLHVKDYHH[DPLQHGWKHHI
IHFWVRIFKORUS\ULIRVRQVRLOEDFWHULDOFRPPXQLW\LQ
WKHJUHHQKRXVH,QWKLVVWXG\WKHS\URVHTXHQF
LQJ ZDV XVHG IRU WKH ILUVW WLPH WR WKH EHVW RI RXU
NQRZOHGJHWRDVVHVVWKHSRWHQWLDOHQYLURQPHQWDOHI
IHFWV RI FKORUS\ULIRV RQ VRLO EDFWHULD LQ WKH JUHHQ
KRXVH

ABSTRACT
*UHHQKRXVHSURWHFWLRQLVDQDJULFXOWXUDOSUDF
WLFHWKDWSOD\VDQLPSRUWDQWUROHLQIRRGSURGXFWLRQ
ZRUOGZLGH\HWXVHVSHVWLFLGHVPRUHLQWHQVLYHO\WKDQ
LQWKHRSHQILHOG,QFRQWUDVWWRWKHNQRZQLPSDFWRI
SHVWLFLGHVRQVRLOEDFWHULDLQWKHRSHQILHOGKRZWKH
VRLOEDFWHULDOFRPPXQLWLHVUHVSRQGWRSHVWLFLGHWUHDW
PHQW LQ JUHHQKRXVH FRQGLWLRQV UHPDLQV ODUJHO\ XQ
NQRZQ ,Q WKLV UHSRUW WKH HIIHFWV RI WKH SHVWLFLGH
FKORUS\ULIRVRQVRLOEDFWHULDOFRPPXQLWLHVLQJUHHQ
KRXVHDQGRSHQILHOGZHUHFRPSDUHGXVLQJGLUHFWS\
URVHTXHQFLQJRIWKH996U51$JHQHUHJLRQ
7KHUHVXOWVGHPRQVWUDWHGWKDWFKORUS\ULIRVWUHDWPHQW
FRXOGDIIHFWWKHEDFWHULDOFRPPXQLWLHVLQERWKJUHHQ
KRXVHDQGRSHQILHOGVRLOVGXULQJWKHVDPSOLQJWLPH
EXWWKHEDFWHULDOFRPPXQLW\FRPSRVLWLRQDQGGLYHU
VLW\VKRZHGDVLJQLILFDQWO\GLIIHUHQWFKDQJHSDWWHUQ
EHWZHHQWKHWZR7KHUHFRYHU\RIVRLOEDFWHULDOFRP
PXQLWLHV DIWHU FKORUS\ULIRV WUHDWPHQW ZDV PRUH UR
EXVWLQWKHRSHQILHOGDQGWKHHIIHFWRIFKORUS\ULIRV
RQ VRLO EDFWHULD ZDV PRUH SHUVLVWHQW LQ WKH JUHHQ
KRXVH FRQGLWLRQV 7KHVH ILQGLQJV ZHUH FRQVLVWHQW
ZLWKDQGPD\H[SODLQZK\FKORUS\ULIRVKDGDORQJHU
KDOIOLIHLQJUHHQKRXVHWKDQLQRSHQILHOGVRLOV

KEYWORDS:
Greenhouse, pesticides, chlorpyrifos, bacterial diversity,
pyrosequencing

INTRODUCTION
*UHHQKRXVHSURWHFWLRQLVDQDJULFXOWXUDOSUDF
WLFH WKDWSOD\VDQLPSRUWDQWUROHLQ PHHWLQJWKH LQ
FUHDVLQJGHPDQGVRIJOREDOIRRGSURGXFWLRQ>@%\
XVLQJ DQ H[WHUQDO SURWHFWLRQ WR IDUPODQGV JUHHQ
KRXVH DJULFXOWXUH FDQ SURYLGH D FRQWUROOHG FOLPDWH
WKDWIDYRUVSODQWJURZWK+RZHYHUWKLVIDYRUDEOHFOL
PDWHLQJUHHQKRXVHDOVRSURPRWHVWKHUHSURGXFWLRQ
RISHVWV7KHUHIRUHPRUHH[WHQVLYHDQGLQWHQVLYHDS
SOLFDWLRQV RI SHVWLFLGHV DUH XVXDOO\ UHTXLUHG LQ WKH
JUHHQKRXVH WKDQ LQ WKH RSHQ ILHOG >@ 7KH FRQVH
TXHQW HIIHFWV RI SHVWLFLGHV LQ JUHHQKRXVH VRLO LV RI
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&KORUS\ULIRVFRQFHQWUDWLRQVLQJUHHQKRXVHDQGILHOGVRLOVGXULQJH[SHULPHQWDOVDPSOLQJ&ROXPQVDQG
EDUVLQGLFDWHPHDVXUHGPHDQFRQFHQWUDWLRQV Q  DQGVWDQGDUGGHYLDWLRQUHVSHFWLYHO\,QVHWVVKRZ
WKHREVHUYHGGDWDDQGILWWLQJGDWDE\ILUVWRUGHUGHFD\IXQFWLRQ$GHVFULSWLRQRIVDPSOHVLVJLYHQ
LQ7DEOH
&KLQD ZLWKRXWDQ\UHFRUGRIFKORUS\ULIRVFRQWDPL
QDWLRQ*UHHQKRXVHIDFLOLW\ZDVFRQVWUXFWHGXVLQJD
FOHDUSRO\HWK\OHQHFRYHUZLWKDQDUFLIRUPURRIDQG
WZRODWHUDOZLQGRZV&KORUS\ULIRV /RUVEDQ'RZ
$JUR6FLHQFHV  ZDV DSSOLHG DW WKH UHFRPPHQGHG

MATERIALS AND METHODS
6LWHGHVFULSWLRQVRLOVDPSOLQJDQG'1$H[
WUDFWLRQ 7KH JUHHQKRXVH DQG RSHQ ILHOG RI HTXDO
DUHD P LQWKLVVWXG\ZHUHVHWXSLQDIDUPODQG
eĄą 1 eĄą ( :X[XH
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GRVH NJKD 8QWUHDWHGFRQWUROVLQERWKJUHHQ
KRXVHDQGILHOGZHUHDOVRVHWXS 7DEOH (DFKWUHDW
PHQWZDVSHUIRUPHGLQGXSOLFDWH6RLOZDVFROOHFWHG
IURPWKHWRSFPRIWKHVXUIDFHDWWKUHHGLIIHUHQW
VDPSOLQJ WLPHV DIWHU SHVWLFLGH WUHDWPHQW WKH ILUVW
VDPSOLQJWLPH GD\]HURLPPHGLDWHO\DIWHUFKORUS\U
LIRVVSUD\LQJ WKHVHFRQGVDPSOLQJWLPH GD\ DQG
WKHILQDOVDPSOLQJWLPH GD\ $OOVDPSOHVZHUH
KRPRJHQL]HG WKURXJK D PP VLHYH WR UHPRYH
VWRQHVDQGGHEULV
7KUHHJUDPVRIVRLOVDPSOHV GU\ZHLJKW ZDV
VXEMHFWHGWRWKUHHLQGLYLGXDO'1$H[WUDFWLRQVXVLQJ
WKH3RZHU0D[6RLO'1$NLW 0R%LR/DERUDWRULHV
86$  EDVHG RQ WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV
'1$ FRQFHQWUDWLRQV ZHUH TXDQWLILHG XVLQJ D
1DQR'URS1'6SHFWURSKRWRPHWHU 1DQR'URS
7HFKQRORJLHV 86$  FRPELQHG ZLWK DJDURVH JHO
HOHFWURSKRUHVLV
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IURP3+</,3SDFNDJHZDVXVHGWRFRQVWUXFWWKHGLV
WDQFHPDWUL[ZLWKGHIDXOWSDUDPHWHUV7KHUHVXOWLQJ
SDLUZLVHGLVWDQFHILOHVVHUYHGDVLQSXWIRU0RWKXUWR
FOXVWHUWDJVLQWR278VWRJHQHUDWHSUHGLFWLYHUDUH
IDFWLRQ PRGHOV DQG FDOFXODWH VSHFLHV ULFKQHVV$&(
DQG&KDRDQG6KDQQRQ¶VGLYHUVLW\LQGH[>@7KH
UHODWLYHDEXQGDQFHRIVHTXHQFHVFOXVWHUHGLQWRJHQ
HUDZHUHYLVXDOL]HGDVDKHDWPDSXVLQJ-&RORU*ULG
>@
6WDWLVWLFDODQDO\VLV 7KH GDWD IURPLQGHSHQG
HQWH[SHULPHQWVZHUHDQDO\]HGE\RQHZD\$129$
WRFDOFXODWHWKH PHDQDQGVWDQGDUGGHYLDWLRQRIUH
SHDWHG DVVD\V 7KH GLIIHUHQFHV DPRQJ WKH JURXSV
ZHUH FRPSDUHG XVLQJ WKH 6WXGHQW¶V WWHVW 6LJQLIL
FDQFHZDVGHILQHGDVS

RESULTS
&KHPLFDODQDO\VLV6RLOVDPSOHV J DWWKUHH
VDPSOLQJWLPHVZHUHH[WUDFWHGIRUUHVLGXDOFKORUS\U
LIRVGHWHFWLRQXVLQJD SUHYLRXVO\GHVFULEHG PHWKRG
>@7KHH[WUDFWHGFKORUS\ULIRVZDVDQDO\]HGE\JDV
FKURPDWRJUDSK\PDVV VSHFWURPHWU\ *&06  $J
LOHQW06'&*&$ 6RLOS+DQGRUJDQLF
FDUERQ 2& FRQWHQWZHUHGHWHUPLQHGDVSUHYLRXVO\
GHVFULEHG>@

7KHGLIIHUHQWLDOGLVVLSDWLRQVRIFKORUS\ULIRVLQ
VRLOVDPSOHVLQJUHHQKRXVHDQGRSHQILHOGZHUHRE
VHUYHG )LJXUH  7KH UHVLGXDOFKORUS\ULIRVLQVRLO
VDPSOHVUDQJHGIURPPJNJWRXQGHWHFWDEOH
OHYHOLQWKHRSHQILHOGDQGIURPWRPJNJ
LQWKHJUHHQKRXVHGXULQJWKHVDPSOLQJWLPH7KH
GHFOLQLQJ FKORUS\ULIRV FRQFHQWUDWLRQV ILW ZHOO E\ D
ILUVWRUGHUGHFD\HTXDWLRQZLWKDQLQLWLDOUDSLGGLVVL
SDWLRQDQGDFRPSDUDWLYHO\VORZHUVHFRQGSKDVHGH
FOLQH ,QVHWLQ)LJXUH $FFRUGLQJWRWKHILWWLQJUH
VXOWVWKHKDOIOLIHRIFKORUS\ULIRVLQWKHJUHHQKRXVH
VRLOZDVGD\VZKLFKZDVVOLJKWO\ORQJHUWKDQWKDW
LQWKHRSHQILHOGVRLO GD\V 7KLVZDVLQDJUHH
PHQW ZLWKD SUHYLRXVUHSRUW ZKLFKVKRZHGVORZHU
GLVDSSHDUDQFHRIFKORUS\ULIRVLQJUHHQKRXVHDVFRP
SDUHG WR RSHQ ILHOG >@ 7KHUH ZDV QR UHVLGXDO
FKORUS\ULIRVLQWKHFRQWUROVRLOV
7RIXUWKHULQYHVWLJDWHWKHFKORUS\ULIRVHIIHFWRQ
EDFWHULDOFRPPXQLW\6OLEUDULHVGHULYHGIURPXQ
WUHDWHGVRLOVRUVRLOVWUHDWHGZLWKFKORUS\ULIRVLQWKH
JUHHQKRXVH DQG RSHQ ILHOG ZHUH VXEMHFWHG WR KLJK
WKURXJKSXWS\URVHTXHQFLQJ 7DEOH *LYHQWKHLQ
KHUHQWQRLVHDQGHUURUVLQS\URVHTXHQFLQJGDWDTXDO
LW\ILOWHULQJZDVXVHGWRPLQLPL]HWKHRYHUHVWLPDWLRQ
RIUDUHSK\ORJHQHWLFJURXSV
$QDO\VLVRIVRLOVDPSOHVIURPJUHHQKRXVHDQG
RSHQ ILHOG JURXSHG WKH VHTXHQFHV LQWR  EDFWHULDO
SK\ODDQGIRXUSURWHREDFWHULDOFODVVHV )LJXUHDQG
 7KHSUHGRPLQDQWSK\ODDFURVVDOOVDPSOHVZHUH
3URWHREDFWHULD $FWLQREDFWHULD $FLGREDFWHULD
&KORURIOH[LDQG%DFWHURLGHWHV UHSUHVHQWLQJ
DQGRIDOOVHTXHQFHVFODV
VLILHG XQGHU WKH EDFWHULD GRPDLQ UHVSHFWLYHO\7KH
GRPLQDQWSK\ODZHUHSUHVHQWLQDOOVDPSOHVDQGVLP
LODUSURSRUWLRQVRIWKHVHWD[DZHUHUHSRUWHGLQWKUHH
RWKHUDJULFXOWXUDOVRLOV>@7KHPRVWDEXQGDQWSK\
ORW\SHDWDJHQHWLFGLVWDQFHRI 278 ZDVDQ
XQFXOWXUHGPHPEHURIIDPLO\;DQWKRPRQDGDFHDHLQ
FODVV*DPPDSURWHREDFWHULDUHSUHVHQWLQJRIDOO
VHTXHQFHV

3\URVHTXHQFLQJ (TXDO YROXPH RI VRLO '1$
IURPHDFKRIWKHWKUHHLQGHSHQGHQWH[WUDFWLRQVZDV
SRROHG DQG XVHG DV D WHPSODWH IRU 3&5 DPSOLILFD
WLRQV 7KH 99 K\SHUYDULDEOH UHJLRQ RI WKH 6
U51$JHQHZDVDPSOLILHGE\3&5XVLQJWKHIROORZ
LQJSULPHUVFRQWDLQLQJOLIHVFLHQFH¶VVHTXHQFLQJ
DGDSWRUV
XQGHUOLQHG 
)
¶
*&&7&&&7&*&*&&$7&$*$*$*777
*$7&07**&7&$*¶ DQG 5 ¶*&&77
*&&$*&&&*&7&$*$77$&
&*&**&7*&7**¶ 7KH 3&5 UHDFWLRQV ZHUH
SHUIRUPHGDVSUHYLRXVO\GHVFULEHG>@ZLWKWKHH[
FHSWLRQWKDWRQO\F\FOHVZHUHDSSOLHGWRPLQLPL]H
WKHELDVLQWURGXFHGE\3&5DPSOLILFDWLRQ6HTXHQF
LQJGLUHFWLRQZDVIURPWKHHQGRI5WRWKHHQGRI
) 3\URVHTXHQFLQJ ZDV SHUIRUPHG XVLQJ D 5RFKH
*6)/;7LWDQLXPV\VWHPDW6KDQJKDL0DMRUELR
%LRSKDUP%LRWHFKQRORJ\&R/WG
&RPPXQLW\DQDO\VLVRIS\URVHTXHQFLQJGDWD
6HTXHQFHV  ES LQ OHQJWK DQG UHDGV FRQWDLQ
LQJ!DPELJXRXVQXFOHRWLGHV ZHUH H[FOXGHG IURP
WKH S\URVHTXHQFLQJ DQDO\VLV )RU SK\ORJHQHWLF DV
VLJQPHQWVHTXHQFHVZHUHVXEPLWWHGWRWKH5LERVR
PDO'DWDEDVH3URMHFW 5'3 DQGDVVLJQHGWRSK\OD
XVLQJ WKH 5'3,, FODVVLILHU >@ DW D FRQILGHQFH
WKUHVKROG RI  6HTXHQFHV WKDW FRXOG QRW EH DV
VLJQHGLQWRSK\ODDWWKLVFRQILGHQFHWKUHVKROGZHUH
H[FOXGHG IURP VXEVHTXHQW DQDO\VLV RI FODVVOHYHO
GLVWULEXWLRQ0XOWLSOHVHTXHQFHDOLJQPHQWZDVFRQ
GXFWHGXVLQJ0RWKXUDJDLQVWWKHUHIHUHQFHGDWDEDVH
6,/9$ >@ %DVHG RQ WKH DOLJQPHQW '1$GLVW
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),*85(
5HODWLYHDEXQGDQFHRIGLIIHUHQWSK\ODIRUHDFKVRLOOLEUDU\EDVHGRQWKHFODVVLILFDWLRQRI6U51$
VHTXHQFHVXVLQJ5'3&ODVVLILHU

),*85(
5HODWLYHDEXQGDQFHRIFODVVOHYHOSK\ORJHQHWLFJURXSLQVRLOVDPSOHVIURPJUHHQKRXVHDQGILHOG&ODVV
GLVWULEXWLRQLQ3URWHREDFWHULDSK\OXP $ DQG$FLGREDFWHULDSK\OXP % 
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),*85(
+HDWPDSVKRZLQJWKHUHODWLYHDEXQGDQFHVRIWKHPRVWDEXQGDQWJHQHUDDVDIIHFWHGE\FKORUS\ULIRV
WUHDWPHQW7KHFRORUVFDOHLQGLFDWHVUHODWLYHDEXQGDQFHUDQJLQJIURPZKLWH ORZDEXQGDQFH WR\HOORZ
PHGLXPDEXQGDQFH WRUHG KLJKDEXQGDQFH 6DPSOHVIURPILHOGDQGJUHHQKRXVHDUHFRORUHGLQJUD\
DQGJUHHQUHVSHFWLYHO\
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),*85(
5DUHIDFWLRQFXUYHVRI6U51$JHQHVHTXHQFHVIRUGLIIHUHQWVRLOVDPSOHVDWDJHQHWLFGLVWDQFHRI
GD\VDIWHUFKORUS\ULIRVWUHDWPHQW$OSKDSURWHREDFWH
ULD UHSUHVHQWHG  ZKLOH 3URWHREDFWHULD UHSUH
VHQWHGLQXQWUHDWHGRSHQILHOGDQGJUHHQKRXVH
VRLOV UHVSHFWLYHO\ 0HDQZKLOH WKH UHODWLYH DEXQ
GDQFHRI$OSKDSURWHREDFWHULDGHFOLQHGWRDQG
LQFKORUS\ULIRVWUHDWHGRSHQILHOGDQGJUHHQ
KRXVHVRLOVUHVSHFWLYHO\$WWKHILQDOVDPSOLQJWLPH
WKLV LQKLELWRU\ HIIHFW RQ $OSKDSURWHREDFWHULD DS
SHDUHGWRKDYHGLPLQLVKHGLQRSHQILHOGVRLOVDVWKH
UHODWLYH DEXQGDQFH RI $OSKDSURWHREDFWHULD UHFRY
HUHGWRURXJKO\FORVHWRWKDWRIXQWUHDWHGFRQ
WURO )&YHUVXV) :KHUHDVLQWKHJUHHQKRXVH
WKH UHODWLYH DEXQGDQFH RI $OSKDSURWHREDFWHULD GH
FOLQHGWRLQWUHDWHGVRLOVDVFRPSDUHGWR
LQXQWUHDWHGVRLOV
&OHDUFKDQJHVDWILQHUOHYHOVRIWD[RQRPLFUHV
ROXWLRQZHUHDOVRIRXQGZLWKLQSK\OXP$FLGREDFWH
ULD )LJXUH% 6LPLODUWRWKHDERYHUHVXOWVZLWK3UR
WHREDFWHULD FKORUS\ULIRV WUHDWPHQW VWLPXODWHG VXE
JURXSV  DQG  DQG GHSUHVVHG VXEJURXS  ZLWKLQ
$FLGREDFWHULD(VSHFLDOO\DWWKHILQDOVDPSOLQJWLPH
WKHUHODWLYHDEXQGDQFHRIVXEJURXSVDQGLQWKH
RSHQILHOGUHFRYHUHGWRDQGDSSURDFK
LQJWKRVH RIWKH XQWUHDWHGFRQWUROVLHDQG
UHVSHFWLYHO\,QFRQWUDVWVXEJURXSLQ*&
VDPSOH UHSUHVHQWHG RQO\ D KDOI RI WKDW LQ XQWUHDWHG
FRQWURO * ZKHUHDV VXEJURXS  LQ *& ZDV
VWLPXODWHG WR UHSUHVHQW DSSUR[LPDWHO\ WKUHH WLPHV

$GLIIHUHQWFKDQJHSDWWHUQRIFRPPXQLW\VWUXF
WXUHZDVREVHUYHGEHWZHHQWKHJUHHQKRXVHVRLODQG
RSHQ ILHOG VRLO DIWHU FKORUS\ULIRV WUHDWPHQW )LJ 
VKRZVWKHSK\OXPOHYHOGLVWULEXWLRQRISUHGRPLQDQW
SK\ORJHQHWLFJURXSVDFURVVWKHWKUHHVDPSOLQJWLPHV
$W WKH VHFRQGVDPSOLQJWLPHLHVHYHQGD\VDIWHU
FKORUS\ULIRVWUHDWPHQWDQDSSDUHQWLQKLELWRU\HIIHFW
RIFKORUS\ULIRVRQ3URWHREDFWHULDZDVYLVLEOH,QWKH
JUHHQKRXVHWKHUHODWLYHDEXQGDQFHRI3URWHREDFWHULD
LQ WKH XQWUHDWHG VDPSOH *  ZDV  DQG GH
FUHDVHGWRLQWKHFKORUS\ULIRVWUHDWHGVDPSOH
*& 6LPLODUO\WKHUHODWLYHDEXQGDQFHRI3URWHR
EDFWHULDGHFUHDVHGIURPLQWKHRSHQILHOGXQ
WUHDWHGVRLOVDPSOH ) WRLQWKHRSHQILHOG
FKORUS\ULIRVWUHDWHGVRLOVDPSOH )& $WWKH ILQDO
VDPSOLQJ WLPH WKH UHODWLYH DEXQGDQFH RI SK\OD LQ
FOXGLQJ 3URWHREDFWHULD DIWHU FKORUS\ULIRV WUHDWPHQW
GLGQRWFKDQJHVLJQLILFDQWO\DVFRPSDUHGWRWKHXQ
WUHDWHGVRLOLQWKHJUHHQKRXVHRURSHQILHOG+RZHYHU
VLJQLILFDQWFKDQJHVZHUHREVHUYHGDWWKHFODVVOHYHO
GLVWULEXWLRQLQ3URWHREDFWHULDDWGD\VDQGGD\V
DIWHUWUHDWPHQW )LJXUH$ 7KHSUHGRPLQDQWFODVVHV
ZLWKLQ3URWHREDFWHULDDFURVVDOOVDPSOHVZHUH*DP
PDSURWHREDFWHULD$OSKDSURWHREDFWHULD DQG %HWDS
URWHREDFWHULD &KORUS\ULIRV WUHDWPHQW LQFUHDVHG WKH
UHODWLYHDEXQGDQFHRI*DPPDSURWHREDFWHULDEXWGH
FUHDVHGWKHUHODWLYHDEXQGDQFHRI$OSKDSURWHREDFWH
ULD DV FRPSDUHG WR WKH XQWUHDWHG FRQWURO$W VHYHQ
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ULFXOWXUHUHDFKWKHLUWDUJHWRUJDQLVPVDQGWKHUHPDLQ
LQJ  HQWHU WKH VRLO DQG ZDWHU >@:LGHVSUHDG
DSSOLFDWLRQV RI FKORUS\ULIRV KDYH EHHQ UHSRUWHG WR
VLJQLILFDQWO\ DIIHFW WKH VRLO PLFURELDO FRPPXQLWLHV
> @7KLV HIIHFW PD\ HVFDODWH HVSHFLDOO\ LQ WKH
JUHHQKRXVHZKHUHH[FHVVLYHDQGLQWHQVLYHSHVWLFLGH
DSSOLFDWLRQVDUHRIWHQXVHGGXHWRWKHUDSLGJURZWK
DQG SURSDJDWLRQ RI SHVWV %DFWHULD LQ VRLO DUH H[
WUHPHO\ DEXQGDQW DQG GLYHUVH DQG SOD\ LPSRUWDQW
UROHVLQ QXWULHQWF\FOLQJDIIHFWLQJVRLO IHUWLOLW\DQG
SODQW JURZWK$OWKRXJK FKORUS\ULIRV FOHDUO\ DIIHFWV
VRLOEDFWHULDDVGHWHUPLQHGE\FODVVLFDOPHWKRGVVXFK
DVWRWDOEDFWHULDODFWLYLWLHVDQGFRXQWLQJRIFXOWLYDWHG
EDFWHULDO FHOOV >@ WKH ILQH VWUXFWXUH DQG
FRPSRVLWLRQ RI EDFWHULDO FRPPXQLW\ DIIHFWHG E\
FKORUS\ULIRVUHPDLQODUJHO\XQNQRZQHVSHFLDOO\LQ
WKHJUHHQKRXVH7KHUHIRUHZHXVHGS\URVHTXHQFLQJ
WRDQDO\]HWKHSRWHQWLDOHIIHFWRIFKORUS\ULIRVWUHDW
PHQWRQVRLOEDFWHULDOFRPPXQLWLHVLQJUHHQKRXVHDV
FRPSDUHGWRWKDWLQRSHQILHOG
3\URVHTXHQFLQJRIWKH99UHJLRQIURPWKH
VRLOVDPSOHVUHYHDOHGWKDWFKORUS\ULIRVVKRZHGGLI
IHUHQWLDOHIIHFWVRQYDULRXVOHYHOVRIEDFWHULDOFRP
PXQLW\ RUJDQL]DWLRQ$W WKH SK\OXP OHYHO GLVWULEX
WLRQWKHUHODWLYHDEXQGDQFHRISK\ODDIWHUFKORUS\UL
IRVDSSOLFDWLRQGLGQRWVLJQLILFDQWO\FKDQJH2QO\D
VOLJKW LQKLELWRU\ HIIHFW RQ 3URWHREDFWHULD ZDV RE
VHUYHG DW WKH VHFRQG VDPSOLQJ WLPH ERWK LQ JUHHQ
KRXVH DQG RSHQ ILHOG VRLOV ZKLFK DSSHDUHG WR UH
FRYHUWRWKHOHYHOVRIUHVSHFWLYHXQWUHDWHGFRQWUROV
$W WKH VHFRQG DQG ILQDO VDPSOLQJ WLPHV KRZHYHU
WKHUHZHUHDSSDUHQWFKDQJHVDWILQHUOHYHOVRIWD[R
QRPLF KLHUDUFK\ $W WKH FODVVOHYHO GLVWULEXWLRQ
ZLWKLQ SK\OXP 3URWHREDFWHULD *DPPDSURWHREDFWH
ULDDQG$OSKDSURWHREDFWHULDVKRZHGDJUHDWHUVKLIWLQ
RSHQ ILHOG DW WKH VHFRQG VDPSOLQJ WLPH EXW D OHVV
FKDQJH DW WKH ILQDO VDPSOLQJ WLPH LQ FRPSDULVRQ
ZLWKWKRVHLQJUHHQKRXVH
$ FOHDUHU FKDQJH RI FODVV GLVWULEXWLRQ ZLWKLQ
SK\OXP$FLGREDFWHULDZDVDOVRIRXQGDIWHUFKORUS\U
LIRVWUHDWPHQW$FLGREDFWHULDLVRIWHQIRXQGLQDFLGLF
HQYLURQPHQWV3UHYLRXVPROHFXODUVXUYH\VKDYHUH
YHDOHGWKDW$FLGREDFWHULDDUH XELTXLWRXVDQGDEXQ
GDQW LQ VRLO >@ DQG WKHLU UHODWLYH DEXQGDQFH LV
VWURQJO\UHODWHGWRVRLOS+>@,QWKHSUHVHQWVWXG\
WKHUHODWLYHDEXQGDQFHRI$FLGREDFWHULDZDV ±
LQWKHVRLOVDPSOHVZLWKS+UDQJLQJIURPWR
7DEOH ZKLFKZDVVOLJKWO\ORZHUWKDQWKHSUHYLRXV
SUHGLFWLRQ ±  EDVHG RQ WKH FRUUHODWLRQ EH
WZHHQS+DQGWKHUHODWLYHDEXQGDQFHRI$FLGREDFWH
ULD>@7KLVGLVFUHSDQF\PD\EHDVFULEHGWRWKHUHO
DWLYHO\PRUHDEXQGDQWRUJDQLFFDUERQLQWKHDJULFXO
WXUDOVRLO 7DEOH DVVXJJHVWHGE\DQHJDWLYHFRUUH
ODWLRQEHWZHHQ$FLGREDFWHULDDEXQGDQFHDQGFDUERQ
DYDLODELOLW\ >@ $OWKRXJK WKH DEXQGDQFH RI VXE
JURXSVZLWKLQSK\OXP$FLGREDFWHULDDUHDOVRUHODWHG
WRS+>@WKHPDMRUVKLIWRIFODVVOHYHOGLVWULEXWLRQ
ZLWKLQ$FLGREDFWHULDLQWKHSUHVHQWVWXG\VHHPHGXQ
OLNHO\GXHWRWKHPLQRUFKDQJHLQS+EXWPDMRUO\GXH
WRFKORUS\ULIRVWUHDWPHQW

WKDWLQFRQWURO*LQGLFDWLQJWKDWWKHLQKLELWRU\HI
IHFWRIFKORUS\ULIRVHVFDODWHGLQWKHJUHHQKRXVHDWWKH
ILQDOVDPSOLQJWLPH
$WWKHJHQXVOHYHOFRPSDULVRQRIWKHUHODWLYH
DEXQGDQFHUHYHDOHGGLIIHUHQWHIIHFWVRIFKORUS\ULIRV
RQVRLOEDFWHULDOFRPPXQLWLHVEHWZHHQWKHRSHQILHOG
DQGJUHHQKRXVH.WHGRQREDFWHUDQG*HPPDWLPRQDV
ZHUHWKHPRVWDEXQGDQWJHQXVDFURVVDOOVRLOVDPSOHV
ZLWKDQDYHUDJHUHODWLYHDEXQGDQFH!&KORUS\UL
IRV WUHDWPHQW VKRZHG D PRUH DJJUHVVLYH HIIHFW RQ
.WHGRQREDFWHUDQG*HPPDWLPRQDVLQWKHRSHQILHOG
WKDQLQWKHJUHHQKRXVHDWWKHVHFRQGVDPSOLQJWLPH
EXWD OHVVDJJUHVVLYH HIIHFWLQWKH RSHQILHOGDWWKH
ILQDOVDPSOLQJWLPH6LPLODU HIIHFWVRIFKORUS\ULIRV
ZHUH DOVR REVHUYHG LQ WKH RWKHU GRPLQDQW JHQXV
%XUNKROGHULD 6LQJXOLVSKDHUD %UDG\UKL]RELXP
3VHXGRODEU\V5XGDHDDQG$FLQHWREDFWHU )LJXUH 
,Q WKH JUHHQKRXVH FKORUS\ULIRV ZDV OHVV DJ
JUHVVLYH DW WKH VHFRQG VDPSOLQJ WLPH EXW PRUH DJ
JUHVVLYHDWWKHILQDOVDPSOLQJWLPH7KLVHIIHFWZDV
LQDFFRUGDQFHZLWKWKHUHVXOWVRIWKHVSHFLHVULFKQHVV
DQGGLYHUVLW\HVWLPDWH 7DEOH $WWKHVHFRQGVDP
SOLQJ WLPH UHGXFWLRQ RI VSHFLHV ULFKQHVV ZDV GH
WHFWHG DIWHU FKORUS\ULIRV WUHDWPHQW LQ ERWK JUHHQ
KRXVHDQGRSHQILHOGDVFRPSDUHGWRWKHUHVSHFWLYH
XQWUHDWHG FRQWUROV $ PRUH SURQRXQFHG GHFOLQH RI
278ULFKQHVVZDVYLVLEOHLQWKHRSHQILHOGZKHUHLQ
WKH$&( DQG &KDR ULFKQHVV GHFUHDVHG E\ 
DQG  UHVSHFWLYHO\ ,Q FRQWUDVW WKH$&( DQG
&KDRULFKQHVVLQWKHJUHHQKRXVHGHFUHDVHGE\RQO\
DQGUHVSHFWLYHO\$WWKHILQDOVDPSOLQJ
WLPHWKHUHGXFWLRQRIVSHFLHVULFKQHVVLQWKHJUHHQ
KRXVHWUHDWHGVRLOVDSSHDUHGWREHPRUHHYLGHQWDQG
WKH UHODWLYH UHFRYHU\ VHHPHG WR EH SRRUHU DV FRP
SDUHGWRWKDWLQWKHRSHQILHOG3DUWLFXODUO\WKHVSH
FLHVULFKQHVVHVWLPDWHGZLWK$&(LQWKHJUHHQKRXVH
WUHDWHGVRLOUHGXFHGIURPWRDGH
FOLQH *&YV* ZKHUHDVWKH$&(ULFKQHVVGH
FUHDVHG E\  LQ WKH RSHQ ILHOG WUHDWHG VDPSOH
)&YV) 6LPLODUFKDQJHVZHUHDOVRGHWHFWHG
LQWKH6KDQQRQGLYHUVLW\LQGH[DWDJHQHWLFGLVWDQFH
RI 7DEOH DQG278ULFKQHVVDWJHQHWLFGLVWDQFH
RIRU GDWDQRWVKRZQ 
&RPSDULVRQRIUDUHIDFWLRQDQDO\VHVRIGLIIHUHQW
VDPSOHVIRU278VDWJHQHWLFGLVWDQFHGHWHUPLQHG
ZLWK$&(DQG&KDRHVWLPDWRUVUHYHDOHGWKDW±
RIWKHHVWLPDWHGWD[RQRPLFULFKQHVVZDVFRY
HUHGE\WKHVHTXHQFLQJ 7DEOH 7KHVORSHVRIUDU
HIDFWLRQFXUYHVDWWKHGLVWDQFHRIDOVRLQGLFDWHG
WKDWDGGLWLRQDOVXUYH\LQJZLOOEHUHTXLUHGWRSURYLGH
FRPSOHWHHVWLPDWHVRIWRWDOGLYHUVLW\ )LJXUH 

DISCUSSION
$Q LGHDO SHVWLFLGH VKRXOG EH RQO\ WR[LF WR LWV
WDUJHWSHVWVDQGQRWQRQWDUJHWRUJDQLVPVLQWKHHQ
YLURQPHQW8QIRUWXQDWHO\WKLVLVUDUHO\WUXH,QIDFW
RQO\DSSUR[LPDWHO\RIDOOSHVWLFLGHVXVHGLQDJ
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ZKLFK WUDGLWLRQDO PHWKRGV ZHUH XVHG ZKLFK ZHUH
XQDEOHWRH[SORUHWKHILQHVWUXFWXUHVKLIWVRIEDFWHULDO
FRPPXQLWLHV>@7KHSUHVHQWVWXG\LQYHVWLJDWHGWKH
HIIHFWVRIFKORUS\ULIRVLQWKHJUHHQKRXVHIRUDVKRUW
SHULRGRIGD\V$ORQJWHUPHIIHFWRISHVWLFLGHDS
SOLFDWLRQ LQ JUHHQKRXVH FRQGLWLRQV HJ VHYHUDO
PRQWKVRUHYHQ\HDUVPD\EHFRQVLGHUHGLQWKHIX
WXUHWRSURYLGHPRUHLQIRUPDWLRQRQEDFWHULDOFRP
PXQLWLHV

7DNHQWRJHWKHUWKHVHUHVXOWVLQFOXGLQJWKHJH
QXVOHYHO GLVWULEXWLRQ FKDQJHV GHPRQVWUDWHG WKDW
FKORUS\ULIRVWUHDWPHQWDIIHFWHGWKHEDFWHULDOFRPPX
QLWLHV LQ ERWK JUHHQKRXVH VRLO DQG RSHQ ILHOG VRLO
+RZHYHUWKHUHFRYHU\RIVRLOEDFWHULDOFRPPXQLWLHV
DIWHU FKORUS\ULIRV WUHDWPHQW LV PRUH UREXVW LQ WKH
RSHQILHOGDQGWKHHIIHFWRIFKORUS\ULIRVRQVRLOEDF
WHULDLVPRUHSHUVLVWHQWLQWKHJUHHQKRXVHFRQGLWLRQV
7KLVWUHQGPD\EHSULPDULO\DWWULEXWHGWRWKHGLIIHU
HQWLDO GLVVLSDWLRQ RI FKORUS\ULIRV LQ WKH RSHQ ILHOG
DQGJUHHQKRXVH0RQLWRULQJFKORUS\ULIRVUHVLGXHVLQ
VRLOV VKRZHG WKDW WKH SHVWLFLGH GLVVLSDWHG PRUH
VORZO\LQJUHHQKRXVHWKDQLQRSHQILHOG )LJXUH 
,Q JHQHUDO GLVVLSDWLRQ RI FKORUS\ULIRV LQ VRLO
GHSHQGVRQIDFWRUVVXFKDVLWVYRODWLOL]DWLRQOHDFKLQJ
E\UDLQIDOOSKRWRO\VLVDQGGHJUDGDWLRQE\FKHPLFDO
DQG PLFURELDO SURFHVVHV >@ &KORUS\ULIRV FDQ EH
FRPSOHWHO\PLQHUDOL]HGEXWWKHSURFHVVLVVORZ>@
+RZHYHU FKORUS\ULIRV LQ WKH QDWXUDO HQYLURQPHQW
FDQ EH UDSLGO\ WUDQVIRUPHG LQWR LQWHUPHGLDWHV VXFK
DV WULFKORURS\ULGLQRO 7&3  DQG RWKHU E\
SURGXFWV 7KHVH LQWHUPHGLDWHV DUH PRUH WR[LF WKDQ
FKORUS\ULIRV>@$FFXPXODWLRQRIWKHVHWR[LFLQ
WHUPHGLDWHV GHULYHG IURP FKORUS\ULIRV WUDQVIRU
PDWLRQFRXOGEHWKHPDLQFDXVHRIWKHLQKLELWRU\HI
IHFWRIFKORUS\ULIRVDSSOLFDWLRQRQVRLOPLFURRUJDQ
LVPV$VFRPSDUHGWRRSHQILHOGFRQGLWLRQVWKHKX
PLG HQYLURQPHQWDO FRQGLWLRQV LQ JUHHQKRXVH FRXOG
LQKLELW FKORUS\ULIRV K\GURO\VLV VLQFH WKH K\GURO\WLF
GHJUDGDWLRQRIFKORUS\ULIRVLQVRLOFDQEHJUHDWO\DF
FHOHUDWHGXQGHUORZPRLVWXUHFRQGLWLRQV>@0RUH
RYHUUHGXFHGVRODUUDGLDWLRQVE\ JUHHQKRXVH FRYHU
DOVR GHFUHDVH WKH SKRWRO\VLV RI FKORUS\ULIRV RQ WKH
VXUIDFHRIVRLOXQGHUJUHHQKRXVHFRQGLWLRQV
7KHVHPHFKDQLVPVLQGXFHDPRUHUDSLGWUDQV
IRUPDWLRQRIFKORUS\ULIRVDQGVXEVHTXHQWO\PRUHDF
FXPXODWLRQ RI WR[LF LQWHUPHGLDWHV LQ D VKRUWWHUP
HJGD\V DIWHUWUHDWPHQWLQRSHQILHOGVRLOWKDQ
LQ JUHHQKRXVH VRLO 2QH PRQWK DIWHU FKORUS\ULIRV
WUHDWPHQWKRZHYHUWKHWR[LFLQWHUPHGLDWHVDFFXPX
ODWHGLQWKHRSHQILHOGVRLOFRXOGUHDGLO\GLVVLSDWHGXH
WRWKHQDWXUDOHQYLURQPHQWDQGPRUHUDLQIDOO0HDQ
ZKLOHWKH KHUPHWLF HQYLURQPHQWDOFRQGLWLRQRIWKH
JUHHQKRXVH DQG LWV SURWHFWHG FRYHU FRXOG PLWLJDWH
WKHGLVVLSDWLRQRIWR[LFLQWHUPHGLDWHVFDXVHGE\YR
ODWLOL]DWLRQ DQG UDLQIDOO UHVSHFWLYHO\ 6LPLODU DFFX
PXODWLRQ RI PHWDEROLWHV RI FKORUS\ULIRV ZDV RE
VHUYHGLQD KHUPHWLF HQYLURQPHQWVLPLODUWRJUHHQ
KRXVH DPEHU JODVV ERWWOHV LQ ZKLFK 7&3 ZDV GH
WHFWHGIURPWKLUGGD\DIWHUFKORUS\ULIRVDSSOLFDWLRQ
DQGSHDNHGDWGD\>@7KHVHSUHYLRXVILQGLQJV
H[SODLQZK\WKHLQKLELWRU\HIIHFWRIFKORUS\ULIRVRQ
VRLO EDFWHULDO FRPPXQLWLHV LQ WKH RSHQ ILHOG ZDV
PRUHDJJUHVVLYHWKDQWKDWLQJUHHQKRXVHDWWKHVHF
RQGVDPSOLQJWLPHDQGYLFHYHUVDDWWKHILQDOVDP
SOLQJWLPH
7KLVLVWKHILUVWVWXG\WRGHPRQVWUDWHWKHHIIHFWV
RIFKORUS\ULIRVRQVRLOEDFWHULDOFRPPXQLWLHVLQWKH
JUHHQKRXVH XVLQJ SURVHTXHQFLQJ ,W LV GLIILFXOW
WRFRPSDUHRXUUHVXOWVZLWKWKHSUHYLRXVVXUYH\VLQ
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PRESENCE OF AN EPIBIONT EPISTYLIS SP.
(PROTOZOA, CILIOPHORA) ON SOME ZOOPLANKTON
Hilal Bulut*, Serap Saler
)ÕUDW8QLYHUVLW\)LVKHULHV)DFXOW\(OD]ÕJ7XUNH\

it more difficult for zooplankton to maintain their position in the water column, avoid and escape predators, and obtain food [5,20]. Epibionts could reduce
the reproduction rate of zooplankton [21].
Epistylis is with bell-shaped or elongated cylindrical or conical bodies. A non-contractile stalk
bears several too many zooids. The vaulted epistomial disc is slightly elevated above the peristomial
lips and slanted. The macronucleus is horse-shoeshaped or very long and sausage shaped. Numerous
species are either free living (freshwater and marine)
or epizoic, mostly on invertebrates. In this study Epistylis sp. colonies were observed on some Rotifera
and Copepoda species [22].
Ciliate epibionts related with zooplankton are
common in aquatic ecosystems, but their ecological
features are little known. We studied the colonized
of ciliate epibionts on zooplankton in the Cip Reservoir seasonally. An attempt had been made to focus
on epibionts infestation in freshwater habitats which
has got local importance towards the quality of water
in this field, this is the first report an epibiont Epistylis sp. on zooplankton recorded from this reservoir.

ABSTRACT
Protozoan ciliate epibionts infestation on zooplankton in Cip Reservoir were studied seasonally,
between spring 2014-winter 2015 The ciliates peritrich epibiont Epistylis sp. (Protozoa, Ciliophora) was
found as colony form on some individuals of different zooplanktonic groups, especially rotifers and copepods. Totally 23 zooplankton species (19 species
from Rotifera, 3 species from Cladocera and 1 species from Copepoda in Cip Reservoir were investigated. The most important zooplanktonic group was
determined as Rotifera (82.7 % of total) and observed genera with epibionts were Keratella, Polyarthra, and Brachionus. The highest density of infected zooplankton was observed in winter (14265
ind./m3), the lowest density of infected zooplankton
was found in summer (3056 ind./m3). Rotifers were
most infected groups with 75% in this study. Infestation of Epistylis sp. has been registered for the first
time in Cip Reservoir.

KEYWORDS:
Epibiosis, Peritricha, Rotifera, Copepoda.

MATERIALS AND METHOD
INTRODUCTION
The zooplankton samples were collected from
Cip Reservoir coordinated as (38o ƍƎ10
ƍƎ(  and (38o ƍƎ10 ƍƎE)
with 55 μm in mesh sized Apstein plankton net seasonally between 2014-2015 (fig.1). Vertical hauls
were made for calculating zooplankton density and
those collected by horizontal hauls were made for
species identification. Samples and were preserved
in 4 % formaldehyde solution in glass bottles. Temperature and dissolved oxygen were measured with
YSI multi oxygen and pH meter in situ. Zooplankton
species were examined under Leica inverted microscope and photos were taken by Clemex analyser microscope system.
Relevant literatures as, Kudo [23], Negrea [24],
Einsle [25], Dussart & Defaye [26], Nogrady and
Segers [27] were used for the identification and classification of the zooplanktonic species. Presence of
Epistylis sp. on some Rotifera and Copepoda species
were shown in Figure 2.

Protozoans are the most important group of animal parasites. However, some scientists consider
them as commensals, but, they became pathogenic
under certain conditions [1-4]. Some of peritrich ciliates have been expressed as epibionts on crustaceans [5,6]. Some ciliates on zooplankton live as epibionts is known [7-12]. The ecology of ciliates and
other protist epibionts have received considerable attention, especially regarding their selection and colonisation of hosts, and their effects on host survival
and reproduction [14,15,16]. Epibiosis a widespread
relationship in aquatic ecosystems often involving
planktonic microcrustaceans as hosts and a variety of
organisms as epibionts, including bacteria, algae,
protozoans, or even small metazoans [17,18]. However, several studies have shown that epibionts affect
their hosts in different ways [19].
Some groups of protozoans are often located on
Crustacean zooplankton, rotifers, algae, and bacteria. These epibionts could hinder movement and reduce buoyancy of zooplanktonic organisms, making
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FIGURE 1
Coordinates of study field
TABLE 1
Seasonal diversity of uninfected zooplankton (ind./ m3)
Spring
Rotifera
Ascomorpha ovalis (Bergendahl, 1892)
Asplanchna priodonta Gosse, 1850
Brachionus angularis Gosse, 1851
Brachionus plicatilis Müller, 1786
Cephalodella catellina (Müller, 1786)
Cephalodella gibba (Ehrenberg, 1830)
Colurella colurus (Ehrenberg, 1830)
Euchlanis dilatata Ehrenberg, 1832
Filinia longiseta (Ehrenberg, 1834)
Filinia terminalis (Plate, 1886)
Hexarthra fennica (Levander, 1892)
Keratella cochlearis (Gosse, 1851)
Keratella quadrata Müller, 1786
Lecane luna (Müler, 1776)
Polyarthra dolichoptera Idelson, 1925
Pompholyx sulcata Hudson, 1885
Synchaeta pectinata Ehrenberg, 1832
Synchaeta oblonga Ehrenberg, 1832
Trichocerca capucina (Wierzejski & Zacharias, 1893)
Cladocera
Bosmina longirostris (Müller, 1785)
Chydorus sphaericus (Müller, 1776)
Daphnia cucullata Sars, 1862
Copepoda
Cyclops vicinus Uljanin, 1875
TOTAL

7133
11210
509

Summer
28025
11210

Autumn

Winter

6114
1528

1019
1019

2038
203
509

1019
1019
4585

2038
3057
203

509

23439

2547

28025

19872

203
203
11321
3057
509
52993
2547
1019
19363
1019

44840
5605
509

2038
1019

509

11719
2038
17834

6624
1019
8152

5095
509
5605

2038

3566

2038

1019

509

148993

213598

79689

28022

407
33121
2038
203
63184

402537

60633

7132
470302

the highest numbers of total value of uninfected individuals with 213598 ind./m3. The least uninfected
total organisms were recorded in winter with 28022
ind./m3 (Table 1). Only one species of Copepoda C.
vicinus was recorded. Infected and uninfected individuals of this species was observed. Infected forms
have been recorded only adult stage of C. vicinus. No
infestation was observed in nauplii stage of this species.
Zooplanktonic species infected with Epistylis
sp., was given in Table 2.

RESULTS
In Cip Reservoir totally 23 zooplankton species
(19 Rotifera species, 3 Cladocera species, 1 Copepoda species) were identified. The list of zooplankton species is given below.
Rotifers constituted the most proportion of the
uninfected samples. The most abundant rotifers P.
dolichoptera (63184 ind./m3), K. cochlearis (33121
ind./m3) and S. pectinata (44840 ind./m3) have been
found the most in the summer. Also summer has got
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TABLE 2
Seasonal diversity of infected organisms (ind./ m3)
Spring
1019
4585
2038
1528
9170

Brachionus angularis
Keratella cochlearis
Polyarthra dolichoptera
Cyclops vicinus
Total

Summer
1528
509
1019
3056

Autumn
4585
4585

Winter
3566
4076
4585
2038
14265

Total
26491
4585
31076

TABLE 3
Number of individuals and percentages of infected and uninfected organisms in Cip Reservoir

Rotifera
Cladocera
Copepoda
Total

Uninfected organisms
number of individual relaindividual
tive
density
ind./m3
(%)
402537
85.6
60633
12.9
7132
1.5
470302
100

number of
taxa
19
3
1
23

relative density of taxa
(%)
82.7
13
4.3
100

Infected organisms
number of individual relaindividual
tive
density
ind./m3
(%)
26491
85.2
4585
14.8
31076
100

number of
taxa
3
1
4

relative density of taxa
(%)
75
25
100

taxa were infected with Epistylis sp. Infected Rotifera taxa were consisted of 75% and Copepoda 25%.
(Table 3).
Peritrich ciliate Epistylis sp., was recorded colonized on some body parts of their hosts and a vital
stage (eggs) (Figure 2).
In reservoir, maximum water temperature was
recorded in summer as 26.6oC and the minimum
temperature was recorded as 8.5oC in winter. The
highest pH value 8.06 was recorded in summer and
the lowest pH value 7.4 was recorded in spring. The
lowest dissolved oxygen amount was recorded in
summer as 7.5 mgL-1, and the highest was recorded
in winter as 8.7 mgL-1(Table 4).

The infected rotifer species were K. cochlearis,
P.dolichoptera and B. angularis. K. cochlearis was
observed as the most infected and most abundant zooplankton species in the reservoir. Infected and uninfected species of K. cochlearis were recorded in all
seasons. Among the infected organisms Brachionus
angularis was observed as the least infected rotifer
species In winter and spring periods infected B. angularis individuals have been observed (Table 2).
Number of individuals and percentages of infected and uninfected organisms were given in Table
3.

TABLE 4
Seasonal values of some water parameters

Polyarthra dolichoptera

Cyclops vicinus

Temperature (0C)
Dissolved
Oxygen
mg/L
pH



Keratella cochlearis

Spring
17.5

Summer
26.6

Autumun
16.7

Winter
8.5

8.1

7.5

8.2

8.7

7.4

8.06

7.7

7.5

Temperature and pH showed positive significant correlations with uninfected zooplankton
(r=0.95, r=0.60). On the contrary uninfected zooplankton community was negatively correlated with
dissolved oxygen (r=0.96). Temperature and pH
showed significant negative correlation with infected zooplankton community. (r=0.88, r=0.77). Infected zooplankton community was showed significant positive correlation with dissolved oxygen.
(r=0.85).

Brachionus angularis
and its eggs

FIGURE 2
Zooplankton species infected with Epistylis sp.
According to individual numbers, rotifers were
took place in the first rank as infected (85.2%) and
uninfected (85.6%) Uninfected rotifera species composed the most percentage with 82.7%, followed by
Cladocera with 13% and Copepoda with 4.3%. 4

DISCUSSION
Regali-Seleghim and Godinho [28], declared
that rotifers were the most important zooplanktonic
group (90.14% of the total) in lotic habitats and
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[14]. The same result is valid for present
study. During the sampling period K.cochlearis,
P.dolichoptera and B. angularis were the dominant
rotifers.
In this study, the spread of infected zooplankton increased by decreasing of water temperature.
The high numbers of individuals were infested especially in winter (14265 ind./m3 infected organisms).
A negative correlation with infected zooplankton
community (r=0.88) has been determined in this reservoir.
Utz [36], explained that epibiotic association
are a spread phenomenon in marine, estuarine, and
freshwater systems, and include different epibiont
organisms such as bacteria, protists, rotifers, and barnacles. Though its large occurrence, epibiosis is still
inadequent known regarding its results, advantages
and disadvantages for host and epibiont. Depend on
the information of this scientists it might be concluded that level of infection, site selectivity and
negative affect to their zooplankton hosts should be
research. Also, this study proposes that epibiosis
have got a significant efficient in the control and dynamics of the planktonic organisms.

Filinia, Polyarthra, Brachionus and Keratella were
the common genera infected with epibionts. In the
present study Polyarthra and Keratella were founded
the most infected rotifer taxa.
Utz [29], reported Epistylis FRXOG¶QWEHLGHQWL
fied to species level since it was not possible to make
live observations. We also could not able to identify
to species level.
Rajabunizal and Rannaibai [30], reported that
nauplii encountered during the study were not infested by the epibionts. In this study no Epistylis sp.
was observed on nauplii stage. This shows that Epistylis sp. has got host selectivity.
Bozkurt and Genç [31] reported that peritrich
ciliate observed (Epistylis sp.), which are frequently
found in other environments colonized on the different hosts, were seen attached to all their body parts
except to their appendages. They declared B. angularis individuals were infected on various parts of
their body in Asi River. In present study infestations
on B. angularis were occurred in whole body and
eggs. Also Gilbert and Schröder [32] reported site
selectivity of Epistylis for position on B. angularis.
This report has been showed a great accordance with
the position of Epistylis on B. angularis in Cip reservoir. Epistylis usually occurred on lorica of B. angularis in the reservoir.
Azevedo et al [33], observed Epistylis sp. on
some body parts and especially on swimming legs of
Copepoda. In Cip Reservoir Epistylis sp was observed on thorax and swimming legs of C. vicinus.
Saler and Dorucu [34], declared infestation of
Epistylis sp on Cyclops vicinus. In Cip reservoir C.
vicinus was infested with Epistylis sp every season
except autumn.
In Chesapeake Bay, Utz [29], reported only
Acartia tonsa infestion with cilliats among the other
zooplankton species. In the present study among the
whole zooplankton species (total 23 pecies) only 3
Rotifera species and 1 Copepoda species were infested. No infestion was observed on Cladocera species.
Azavedo et al., [33] explained commensal relationship with epibiosis. They reported that epibionts
affect their hosts in various ways, as decreasing survival rate and fecundity, lesions and diseases, disturbance of locomotion, decreasing in competitive
ability, increasing susceptibility to predation, energy
demands, and faster sinking rates. The last observations may imply that the existence of the ciliate protozoan could possibly have negative effects on the
species of the zooplankton.
Visse [35], reported that the existence of epibionts has harmful impacts on the hosts even if there is
no direct action. It could be assumed that epibionts
have indirect effect RQKRVW¶VPRYHPHQWVDQGOLIHGX
ration, competition for food, and their buoyancy.
The epibiont prevalence has generally been observed at the time when the host species are very
abundant and dominate in plankton communities
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STOMATAL PARAMETERS AND GROWTH RESPONSES OF
NICOTIANA AND ATRIPLEX TO Cd, Pb AND
Cd±Pb-CONTAMINATED SOIL
Nesrin Orcen*
Department of Field Crops, Faculty of Agriculture, Ege University, Bornova, Izmir 35100, Turkey

of Mediterranean basin with an excellent tolerance
to drought. Bushes are dominant in many arid and
semi-arid regions of the world [3] like Mediterranean region, particularly in habitants that combine
relatively high soil salinity with aridity and have
been used as a resource for livestock or for the rehabilitation of degraded lands like sand dunes, saline/
alkaline soils, mine waste, badlands, shallow soils,
etc. [2]. A. halimus was chosen for phytoextraction
research because its presence is often reported on
mining areas contaminated with heavy metals and
because of its high biomass production (it branches
out almost from the base, can reach 1±3 m high and
up to 3 m in diameter) and its deep root system is
able to cope with poor structure of several polluted
substrates [4].
Stomata are the pores which surrounded by two
guard cells which play an important role in regulation of plant water balance and gas exchange between plant internal tissues and atmosphere. Several
reports have demonstrated that excess of heavy metals (Cd, Pb, Ni, and Mn) induce changes in leaf anatomy [5, 6] including stomatal parameters [7]. Unfortunately, studies that describe how stomata density
(SD) and guard cell size respond to mixed heavy
metal stresses are limited. In addition, there are limited studies about the correlations between stomatal
parameters and morphologic parameters in response
to mixed heavy metals stress. Actually, the physiological mechanisms of stomatal response are very
complex and not yet fully understood [8, 9]. The risk
elements, including cadmium, decrease the rate of
transpiration and damage the photosynthetic apparatus [10].
Pollutants, especially heavy metals released
into the environment, are often present together, rather than in individual emissions. E.g. the percentage
of heavy metal emissions connected with the burning
of hard coal in individual household furnaces ranges
from 10% in the case of Hg to 30% in the case of Pb,
and as much as 40% for Cd in Poland in 2012 [11].
Average values of heavy metals contents in soil at
the four analyzed locations were statistically significant for Pb, Ni, Zn and Mn [12]. There are increasing
attempts to use woody plants in monitoring of environmental pollution, but the problem is the critical
values for certain heavy metals, plant resistance on
their presence, cumulative and possible synergistic

ABSTRACT
Stomata are the pores which surrounded by two
guard cells which play an important role in regulation of plant water balance and gas exchange between plant internal tissues and the atmosphere. In
this study, the probability of stomata role in increasing the accumulation of Cd while applying Cd-Pb together to the soil was studied in Atriplex species and
Tobacco varieties. Therefore, the growth and stomatal parameters of Nicotina and Atriplex was studied under the treatment of Cd, Pb and Cd-Pb. In addition, the probability of existence of differences and
similar trends between plant responds to different
application of heavy metals was compared. All Cd,
Pb and Cd-Pb treatments has led to decrease in biomass in both plants. On the other hands, the Cd, Pb
and Cd-Pb treatments had effect on increasing the
number of the stomata in both plants, and the stomata
density achieved to the maximum level in Cd-Pb
treatment. It can be interpret that the increase of stomata in plant might be used as a method to alleviate
the effects of heavy metal stress. It is also obvious
that in compared to other stomatal parameters, the
stomata number is reliable and useful tool for determining the accumulation level and transport of
heavy metal in plant.

KEYWORDS:
phytoremediation, stomata, tobacco, cadmium (Cd), lead
(Pb)

INTRODUCTION
Waste is a key environmental, social and economic issue as well as a growing problem [1]. Phytoremediation is a method of using some special
plants species to remove heavy metals from the soil
by hyper-accumulating them into their harvesting
plant parts. It is considered as a cost-effective, environment-friendly alternative restoration strategy for
cleaning up the soil from heavy metal contamination.
Arid lands in the Mediterranean Basin harbor
accommodates populations of saltbushes over substantial areas [2]. Atriplex spp. is a C4 native shrub
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functioning, as well as many other aspects that are
less known [13]. So, one of the aim of present study
is to investigate the possibility of stomatal properties
role in heavy metal translocation, accumulation in
Atriplex species and Tobacco varieties. In general
agreement [14-19] the presence of Pb has a positive
effect on the translocation of cadmium from the
roots to the shoots of the plants. On the other hand,
the similarity and contrasts of correlation for these
properties between Atriplex species and Tobacco varieties was studied.

Perlite was wetted with heavy metal solutions,
further mixed well with 1.5 kg of soil, and placed in
the pots. In the experiments, Pb(NO3)2 and Cd(NO3)2
were used as Pb and Cd sources, respectively. At the
beginning of the experiments, four seedlings were
planted in each pot. After ten days, thinning was
made and only two seedlings were left in each pot.
The irrigation was practiced at field capacity and the
leaked water returned into the pots in order to prevent losses. 60 days after transferring the seedlings
to the pots, the plants were taken into morphological
and stomatal parameter analysis. Nutrient elements
with 150, 25, 150, 25, 1 and 1.5 ppm quantities for
N, P, K, Mg, Zn and Mn, were added to the soil, respectively.

MATERIALS AND METHODS
Plant Material and Growth Conditions. In
the present study, Basma and Dubek as tobacco varieties, and Atriplex halimus and Atriplex hortensis
as Atriplex genus were chosen. As a conclusion of
previous experiments on the oriental tobacco varieties, we noticed that Basma variety has effective roll
in removing Cd from soil and is more tolerant than
Dubek to Cd stress. Because, only this variety has
hyperaccumulation mechanism, we consider it as a
suitable tool for cytogenetic studies. Manousaki and
Kalogerakis [19] in their study conducted with Atriplex halimus, concluded that the presence of Pb has
a positive effect on the translocation of Cd from the
roots to the shoots of the plants. So, in order to increase the reliability of data obtained based on this
claim, the Atriplex hortensis was chosen as the second species belongs to the same genus in the present
study.
After germinating the seeds of Tobacco varieties and Atriplex genus in voiles for 95 days, the
seedlings were transferred to the pots treated with Cd
and Pb. Two separate pot experiments were conducted to study the Cd, Pb and mix affect within
Basma, Dubek which is oriental tobacco varieties,
and Atriplex species. A soil and perlite mixture was
used as growing medium. For this purpose, 1.5 kg of
soil and 75 g perlite was mixed and placed into plastic pots with 2 kg capacity (20 * 14 * 17 cm). The
texture of soil was silty loam with 45% sand, 47%
silt, and 8% clay. The pH, EC, and OM values of soil
were 7.8, 0.2 dS/m, and 0.5%, respectively. The
analysis was conducted based on the method used by
[20, 21] researchers. The complete experimental design is shown in Table 1.

Measurements of Traits. Growth Parameters. Sixty days after treatment, plant height (PH),
fresh weight (FW), dry weight (DW), leaf height
(LH) and leaf width (LW) were determined for each
plant. The mean values in each replication were used
for statistical analysis.
Stomatal Parameters. Stomatal observations
were carried out on 60th day after treatment, using a
bright-field light microscope. The stomatal density
(SD), stomatal width (SW), stomatal length (SL) and
stomatal pore length (SPL) were determined from
the underside of each leaf using prints made with nail
varnish. SL was measured between the junctions of
the guard cells at each end of the stoma as defined
by two research groups [22, 23]. The SW was measured perpendicular to maximum width that represents the maximum potential opening of the stomatal
pore, but not the aperture of opening that actually occurs. SD (number of stomata per mm2) was determined as described by previous study [24]. SPL was
obtained by measuring the length of stomatal pore
using a micrometer. The unit of SW, SL and SPL
values is PLFURPHWHUV ȝP 
Statistical Analysis. The pot experiment was
conducted with randomized complete plots design
with three replications. The plants grown in pots
without heavy metal was used as control group. The
data was subjected to analysis of variance (ANOVA)
using factorial randomized complete plots design
with four replications. Least significant difference
(LSD) was used to determine significant differences
between treatment means. The correlation analysis
was performed for determination of relationship between parameters.

TABLE 1
Experimental design
No of
Treatment

Experimental
Treatment

Pb concentration
(mg/kg)

1
2
3
4

³´
³3E´
³&G´
³3E&G´

0
800
0
800

Cd concentration
(mg/kg)
0
0
20
20

RESULTS AND DISCUSSION
Growth Parameters. Tobacco varieties.
From the point of the growth parameters, there was
a significant difference between each variety under
the single or mixed treatment of heavy metal and
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ters except SW, the significant differences for variety- treatment interaction means that the response of
each variety to treatments is different (Table 2). Significant variation for stomatal parameters was observed between single treatment of Cd and Pb in
compare to mixed treatment (Table 3). The highest
SD value was obtained in mixed treatment of heavy
metals. These values are in line with increases in SD
during stress, which were determined by Htay et al.
[26] on bean, Kuo et al. [27] on cabbage. Especially
in response to heavy metal application, the SD increased in this study is agreeing with Shi and Cai [7]
report. The highest mean value for SW and SL was
seen in control group (Table 3).

their interaction (Table 2). Significant differences
were found in the plant height of two tobacco varieties, both with respect to existence of Cd and Pb. In
ANOVA analysis the Variety-Treatments was not
significant for plant height. All other growth parameters was significant for different varieties and single
or mixed application of heavy metal.
The maximum value for PH, FW, DW, LH and
LW in both heavy metal application and control
group was observed to be belonged to control group
(Table 3). From the point of the PH, FW, DW parameters, mixed application of heavy metal has
shown higher values in compare to single application
of heavy metals. In the mixed application of heavy
metal, the increase in heavy metal taken by plant biomass, is in agree with other researcher¶s studies
[19, 25].

Atriplex species. The analysis variation of stomatal parameters of Atriplex spp is given in Table 4.
All stomatal parameters of Atriplex spp has shown
significant differences except for SW and SL.
While the SD is the lowest in control group, the
maximum SD was observed in mixed treatment. The
decrease in SW was just observed in Cd application,
but no changes in other treatments. From the point
of SL, the single and mix application of heavy metal
led to significant reductions.
When considering all the results together, the
responds of morphologic and stomatal parameters of
tobacco and morphologic parameters of Altiplex
species under single or mixed application of heavy
metals shows similarities. In a study [28] conducted
on tobacco by applying (Cr), the increase in SD and
decrease in biomass was observed in plants. By the
way, more increase in SD by applying the mixed
heavy metal treatment can be inferred as a sign that
plants might use it as a method to alleviate the effects
of heavy metal stress.

Atriplex species. Considering the morphological specifications of Atriplex species, there is a significant difference between single and mixed application of heavy metals for all growth parameters (Table 4). In all grow parameters except LH, the highest
mean were determined in both control and mixed application of heavy metal (Table 5). Like tobacco varieties, in mixed heavy metal application of Atriplex
spp, the increase in biomass is in line with other reVHDUFKHU¶VVWXGLHV>19, 25]. While the highest value
for LH was observed in control group, the highest
LW value was obtained in control and mixed application groups together.
Stomatal Parameters. Tobacco varieties.
The stomatal parameters related to tobacco varieties
are given in Table 2. In all studied stomatal parame-

TABLE 2
The results of analysis of variation for Basma and Dubek
Source of
variation
Variety
Treatments
Variety ×
Treatments
Error

df

Stomatal Parameters
SD
SW

SL

SPL

Growth Parameters
PH
FW

DW

LH

LW

1
3
3

90.094**
96.094**
21.844**

.380 ns
4.489**
.129 ns

1.786**
.491 *
.771*

.393*
.046 ns
.360**

622.711 *
235.023 *
286.586 ns

88.935*
403.818**
199.082**

6.599**
4.896**
2.302**

16.834**
5.936**
2.876**

.540 ns
2.172**
1.262*

14

.853

.285

.176

.048

125.177

18.695

.125

.073

.293

* and ** show significance at 5 and 1%, respectively; and ns shows non-significance.

TABLE 3
Stomatal parameters and growth parameters of Basma and Dubek
Stomatal Parameters
Concentration
Control
Pb800
Cd20
Pb800+Cd20
Mean

SD
88.63c
122.5b
114.77b
132.95a
112.22

SW
21.88a
18.06c
18.38bc
19.96b
19.57

Growth Parameters
SL
27.18a
26.88ab
25.88b
26.88ab
26.75

SPL
3.66
3..32
3.38
3.62
3.50

PH
127.75a
117.13b
114.75c
125.25a
121.22

FW
101.85a
62.43c
84.80b
100.33a
97.10

DW
15.43a
13.53c
14.05b
15.17a
14.55

LH
18.10a
17.43b
15.88c
17.45b
17.32

LW
11.23a
9.90b
9.93b
9.85b
10.73

a, b and c indicate means that are significantly different at the 0.05 level of significance, according to LSD test.
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TABLE 4
The results of analysis of variation for Atriplex halimus and Atriplex hortensis
Stomatal Parameters
SD
SW
df

Source of
variation
Species
Treatments
Species ×
Treatments
Error

SL

SPL

Growth Parameters
PH
FW

DW

LH

LW

1

486.000**

.415 ns

.778 ns

.425*

1372.594**

15.601**

2.683**

30.038**

3.840**

3

146.750**

1.494**

38.068**

.181 ns

748.156**

4.528**

.554**

2.056**

.474*

3

36.750**

2.345**

1.270**

.418*

256.406**

3.821**

.554**

.521**

1.005**

14

3.929

.094

.195

.076

8.478

.138

.003

.049

.054

* and ** show significance at 5 and 1%, respectively; and ns shows non-significance.

TABLE 5
Stomatal parameters and growth parameters of Atriplex halimus and Atriplex hortensis
Treatments
Control
Pb800
Cd20
Pb800+Cd20
Mean

Stomatal Parameters
SD
SW
123.75c
13.6a
140.00b
13.82a
142.5b
11.34b
173.75a
14.2a
152.5
13.38

SL
29.06a
18.18c
19.18c
19.88b
21.58

Growth Parameters
PH
FW
70.00a
4.30a
44.88c
2.20c
48.13c
3.53b
68.25a
4.45a
54.56
3.37

SPL
3.82
3.18
3.12
3.06
3.3

DW
1.19a
0.34c
0.62b
1.07a
0.65

LH
3.68a
2.38c
2.55c
3.08b
2.92

LW
1.98a
1.43b
1.43b
1.83a
1.66

a, b and c indicate means that are significantly different at the 0.05 level of significance, according to LSD test.

TABLE 6
Simple correlations between stomatal and growth parameters for Basma and Dubek
SD
SW
SL
SPL
PH
FW
DW
LH
LW

SD
1
.285
-.403
.301
-.862**
-.179
-.134
.540**
.688**

SW

SL

SPL

PH

FW

DW

LH

LW

1
-.155
.473*
.062
-.536**
-.447*
.157
-.040

1
.082
-.127
-.033
.551**
-.368
-.091

1
.301
.124
-.251
.245
.016

1
.511*
-.235
.202
-.138

1
.178
.054
.304

1
.343
.167

1
.508*

1

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level

TABLE 7
Simple correlations between stomatal and growth parameters for Atriplex halimus and Atriplex hortensis
SD
SW
SL
SPL
PH
FW
DW
LH
LW

SD
1
.133
.308
.337
-.890**
-.680**
-.780**
.589**
.636**

SW

SL

SPL

PH

FW

DW

LH

LW

1
.040
.207
.386
.258
.192
.093
.301

1
.530**
.619**
.032
-.108
.199
.379

1
.147
-.179
-.195
.432*
.562**

1
.803**
.528**
-.314
-.002

1
.963**
.435*
.245

1
.563**
.398

1
.830**

1

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level

acerifolia leaves [30]. Also, during plant evolution
the same trend can be observed [31]. Martinez et al.
[32] reported that throughout an adaptation to
drought, increases in SD and a decrease in cell size
under water stress could occur. The correlation between SD and growth parameters was similar in tobacco varieties and Atriplex spp. It can be inferred
that the SD parameter is more reliable in compare to
other parameters.

To further understand the relationship between
stomatal and growth parameters of genotypic differences arising from the responses to Cd and Cd-Pb
mix, a correlation analysis was performed (Table 6
and 7). A negative correlation was found between
the PH value and SD in tobacco varieties (-0.862).
However, a positive correlation was observed between DW value and SL of tobacco varieties (0.551).
The correlation between SD and SL was negative.
Other researchers reported that in other stressful conditions such as drought, SD negatively correlates
with SL in some Jujube leaves [29] and Platanus
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Plant-Heavy Metal Interaction: Phytoremediation, Biofortification and Nanoparticles,
Advances in Selected Plant Physiology Aspects,
Dr. Giuseppe Montanaro (Ed.), InTech, Available from: http://www.intechopen.com/books/
advances-in-selected-plant-physiology-aspects/crops-and-medicinal-plants-under-metalstress.
[11] Mazur, Z., Radziemska, M., Fronczyk, J. and
Jeznach, J. (2015) Heavy metal accumulation in
bioindicators of pollution in urban areas of
northeastern Poland. Fresen. Environ. Bull.,
24(1), 216±213.
[12] 6WDQNRYLü, D..UVWLü, B., Knezevic, M.6LMDþLü1LNROLü, M. and %MHODQRYLü, I. (2012) Concentrations of heavy metals in soil in the area of the
SURWHFWHGQDWXUDOUHVRXUFH³Avala´ in Belgrade.
Fresen. Environ. Bull. 2,0, 495-502.
[13] 6WDQNRYLü, D. -RYDQLü, P. .UVWLü, B. âLMDþLüNikoOLü, M., Trivan, G. ,YDQRYLü, S. and
9XþLQLü, A. (2013) Concentration of Pahs in forest ecosystems of the protected natural resource
"Avala". Fresen. Environ. Bull., 22, 136-141.
[14] Carlson, R.W. and Bazzaz, F.A. (1977) Growth
of reduction IN American sycamore (Plantanus
occidentalis L.) caused by Pb-Cd interaction.
Environ. Pollut. 12, 243-253.
[15] Carlson, R.W. and Rolfe, G.L. (1979) Growth
of rye grass and fescue as affected by lead-cadmium-fertilizer interaction. J. Environ. Qual. 8,
348-352.
[16] Martin, H.W. and Kaplan, D.I. (1998) Temporal
changes in cadmium, thallium and vanadium
mobility in soil and phytoavailability under field
conditions. Water, Air Soil Pollut. 101, 399410.
[17] Miller, J.E., Hassett, J.J. and Koppe, D.E.
(1977) Interaction of lead and cadmium on
metal uptake and growth of corn plants. J. Environ. Qual. 6, 18-20.
[18] Madyiwa, S., Chimbari, M.J. and Schutte, F.
(2004) Lead and cadmium interactions in Cynodon nlemfuensis and sandy soil subjected to
treated wastewater application under greenhouse conditions. Phys. and Chem. of the Earth.
29, 1043-1048.
[19] Manousaki, E. and Kalogerakis, N. (2008) Pb
and Cd accumulation and interactions in Atriplex halimus L. grown on polluted soil under
JUHHQKRXVHFRQGLWLRQVWK³(XURSHDQ&RQIHU
HQFHRQ³%LRUHPHGLDWLRQ´&KDQLD*UHHFH-6
September.
[20] Kacar, B. (2009) Toprak analizleri (Soil Analysis)1REHO<D\ÕQODUÕ1R$QNDUD
[21] Page, A.L., Miller, R.H. and Keeray, D.R.
(1982) Methods of soil analysis. Amer. Soc. of
Agronomy Inc. No: 9, Wisconsin, USA.
[22] Malone, S. R., Mayeux, H. S., Johnson, H. B.
and Polley, H. W. (1993) Stomatal density and
aperture length in four plant species grown

CONCLUSIONS
By considering the result, it becomes obvious
that the responds of morphologic and stomatal parameters of tobacco and morphologic parameters of
Atriplex species under single or mixed application of
heavy metals has similarities. More increase in SD
by applying the mixed heavy metal treatment can be
a sign that plants might use it as a method to alleviate
the effects of heavy metal stress. The correlation between SD and growth parameters was similar in tobacco varieties and Atriplex spp. On the other hand
it can be concluded that the SD parameter is more
reliable in compare to other parameters.
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risk compared to wheat grown on an annual basis
(i.e. one crop each year) [1]. Although fallow, regarded as insurance for the next wheat crop, may
confer advantages of rain water accumulation, enhancement or presarvation of soil productivity and
effective weed control, recent availability of fertilizer and herbicides has reduced the next for fallow
[2, 3, 4]. On the other hand, high wind velocities increase erosion over the lands with weak aggregate
stability and results in low biomass production in the
agricultural lands where cereal-fallow rotation is applied [5].
Crop rotation is one of the most important agronomic strategies in designing sustainable farming
systems [6]. The traditional goal of crop rotation was
to increase crop production as compared with monoculture [7]. Legumes are of great importance in rainfed areas rotation systems. Common vetch (Vicia sativa L.), winter lentil (Lens culinaris Medik.) and
chickpea are considered as the best rotation crops in
the binary rotation systems with wheat. A short-season legume that could be planted early would provide rotational benefits such as N fixation, increased
soil organic matter and surface soil stabilty, and alleviation of monoculture insect, disease and weed
problems [8]. The planting of legumes in rotation
with cereals has been demonstrated to be benifical in
many semiarid areas [9, 10, 11]. Dalal et al. [12] reported that chickpea-wheat rotations gave more
yields than the continious wheat cropping. A study
in Spain, with wheat, sunflower (Heliantus annus
L.), chickpea, faba bean (Vicia faba L.) and fallow
cropping systems showed that all of the cropping
systems gave more yield than continious wheat [13].
The purpose of soil tillage is to prepare the soil
with adequate physical conditions for plant growth
[14]. However, inappropriate soil tillage methods
and techniques can increase soil erosion, and finally
cause degradation of soil [5]. Common agricultural
practices in the fallow-wheat system in Central Anatolia are incompatible with the conservation agriculture concept. Conventional tillage (CT) with mouldboard ploughing is commonly used in this region.
Soil surface has no residue cover, loses its aggregation and becomes dust because of frequent tillage operations during to 16 months of the fallow period
[15]. Soil in the region is vulnerable to the erosion.

ABSTRACT
The Central Anatolia region is an important
rainfed region in Turkey. Wheat -fallow cropping
system has been traditionally practised in the region.
The purpose of this study was to identify the optimal
tillage methods and N levels in a wheat-chickpea
(Cicer arietinum L.), wheat-fallow and wheat monoculture in dryland farming. In this study, two tillage
methods (conventional and reduced tillage), three
crop rotations (wheat-wheat; wheat-fallow; wheatchickpea) and four N levels (0, 50, 100, 150 kg ha1
) were evaluated in Central Anatolia Region for four
year. The experimental design was split split plot
with three replicates. Tillage methods were in main
plots, crop rotations in subplots and N levels in subsub plots. Conventional tillage methods resulted in
higher grain yield and yield components compared
to reduced tillage. Four years is certainly not long
enough to reveal the full effects of the crop rotation,
but wheat-chickpea rotation provided an alternative
to wheat-fallow cropping system in the region. Although the effect of increasing N levels was unclear,
100 or 150 N kg ha-1 is recommended in the region
for wheat. Results indicated that conventional tillage, wheat-chickpea rotation and 100 to 150 N kg ha1
for wheat would be recommended for the region.

KEYWORDS:
Cereal-legume rotation, Crop productivity, Fertilizer levels, Rainfed conditions, Tillage methods.

INTRODUCTION
The Central Anatolia region is an important
rainfed region in Turkey with annual average rainfall
ranging from about 350-400 mm, mainly cool moist
autumn, winter and spring followed by a hot rainless
summer. Wheat-fallow cropping system has been
traditionally practised in the region. During the fallow period, following the wheat harvest, the field is
left uncropped for 14 months to conserve moisture
from two seasons of low rainfall. The fallow-wheat
system is popular with farmers because it provides
relatively stable grain yields and poses less economic
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In intensive tillage areas that soil fertility will dein Central Anatolia Region for 4 year. Therefore, the
crease and they can't be used economically [16].
purpose of this study was to identify the optimal tillConservation tillage [e.g. minimum tillage (MT)]
age methods and N levels in a wheat-chickpea,
has numerous positive effects on soil, such as imwheat-fallow and wheat monoculture in dryland
provement of water content and reduction of soil erofarming.
sion [17]. However, noninversion tillage can also
lead to soil compaction, which could affect seed germination, root growth and crop yield [18]. The comMATERIALS AND METHODS
parison of different tillage systems has received considerable attentionin in some European countries
Study site and soil. A four year (2011-2014)
[13, 19, 20, 17], United States of America [21, 22],
field study was conducted under dryland conditions
Turkey [23], Iran [24, 25], Canada [11], Nigeria [26].
at the experimental area of the Department of Field
Cereal yields are low and variable in response
Crops, Faculty of Agriculture, Eskisehir Osmangazi
to inadequate and erratic seasonal rainfall under CenUniversity, Eskisehir, Turkey (39o¶1o¶(
tral Anatolia region. Available soil water is the prin798 m above sea level). The climate of the region is
cipal factor that limits the yield potential of wheat
characterized as semiarid with cold rainy winters and
and its response to N [27]. The optimum N rate dehot dry summers. The long-term (35 years) annual
pends on the expected yield, which in turn depends
total precipitation and annual average temperature
on soil moisture [13]. Increasing N rates does not
and relative humudity of the station are 329,7 mm,
necessarily; improve grain yield and quality unless
9,69oC and 64,31%, respectively. Monthly and antailored to crop requirements for a variety of condinual precipiation and temperature during the study
tions. Inappropriate N management may result in
period is presented in Figure 1. Physical and chemilodging and loss of N through leaching, denitrificacal proporties of the soil before the starting of the extion and volatilisation [28].
periment is presented Table 1.
Dryland winter wheat is a major crop in Central
Anatolia that is generally grown in rotation with legExperimental design and treatments. In this
umes such as vetch, chickpea and lentil. In this study,
study, two tillage methods [conventional tillage (CT)
the use of two tillage systems [conventional tillage
and reduced tillage (RT)], three crop rotations
(CT) and reduced tillage (RT)] three crop rotations
[wheat-wheat (WW); wheat-fallow (WF); wheat(wheat-wheat; wheat-fallow; wheat-chickpea) and
four N levels (0, 50, 100, 150 kg ha-1) were evaluated
TABLE 1
Physical and chemical proporties of the soil before starting of the experiment.
Depth
(cm)
0-30

Texture
loamy

pH

EC (mmhos cm-

Total salt (%)

1)

8.04

0.89

0.057

Lime
(%)
3.7

Organic matter
(%)
0.98

P2O5
kg ha-1
60.6

K 2O
kg ha-1
3411.1

FIGURE 1
7RWDOUDLQIDOODQGPRQWKO\PHDQWHPSHUDWXUHIRUIRXUVHDVRQVDW(VNLúHKLU7XUNH\

6347

© by PSP

Volume 26 ± No. 11/2017 pages 6346-6355

Fresenius Environmental Bulletin

Sönmez) was sown at the rate of 600 seeds m2 on 8,
12, 11 and 21 of October, in 2011, 2012, 2013 and
2014, respectively. 2-4 -Dichlorophenoxyacetic acid
was used in early spring to control broadleaf weeds.
Chickpea cultivar, Gökçe was sown 30 cm row spacing at a seeding rate of 60 seeds m2 on 01, 14 of April
in 2013 and 2015, respectively. No herbicide was applied and weeds were removed by hand. Sönmez and
Gökçe cultivars were provided by Transitional Zone
Agricultural Research Institute and Field Crop Central ResearcK ,QVWÕWXWH UHVSHFWLYHO\ Winter wheat
was harvested on 23, 8, 9 and 22 of July, in 2012,
2013, 2014 and 2015, respectively. Chickpea was
harvested on 29 July and 25 August in 2013 and
2015, respectively.

chickpea (WC)] systems and four N levels (0, 50,
100, 150 kg ha-1) were evaluated in Central Anatolia
Region for 4 year. The experimental design was split
split plot with three replicates. Tillage methods were
maintained in to main plots, crop rotations in to subplots and N levels in to sub-sub plots.
Soil tillage. The conventional tillage included
mouldboard ploughing followed by one pass of a
sweep and/or rototiller cultivation to provide a
proper seedbed. The reduced tillage included only
sweep plowing and/or rototiller cultivation. Tillage
depths for CT and RT were 25-30 and 8-10 cm, respectively. Tillage treatments were made in September in all years but when chickpea was sown (in
spring), no planting plots was tilled by rototiller for
weeds.

Crop yield measurements. Heading time
(from sowing to %50 heading, day), total spike
weight, grains per spike, grain weight per spike, harvest index, thousand grain weight, test weight and
grain yield were measured for wheat. Total spike
weight, grains per spike and grain weight per spike
were determined by 10 randomly selected plants in
each sub-subplot. A 1 m2 portion at the centre of each
sub-subplot was sampled at harvest time. The harvest index and thousand grain weights were measured from this sample. When the moisture content in
grain reached to %13, grain yield was obtained with
harvester at maturity in each sub-subplot.

Crop rotation. Three crop rotations were considered in the experiment. Wheat was sown in all
plots in the first and third years. In the second and
fourth years, wheat, chickpea and fallow were sown
and considired on the research plots.
Fertilization. Nitrogen fertiliser was applied to
wheat plots as ammonium nitrate. Half was applied
at the sowing and the remaining N was topdressed at
the begining of the wheat stem elongation. Basal fertilizer application of 60 P2O5 kg ha-1 (for wheat) and
60 P2O5 kg ha-1 and 20 N kg ha-1 (for chickpea) were
applied to each sub-subplot at the time of sowing.

Statistical analysis. All data were subjected to
analysis of variance based on General Linear Model
using the Statview package [29]. Means were compered by Least Significant Differences (LSD) test.

Seeding. Each sub-subplot was 12 m2 (4 m x 3
m). A sowing machine with 18 cm row spacing was
used to sown wheat in all plots. Winter wheat (cv.

TABLE 2
Effect of different tillage methods and nitrogen levels on some yield and yield components of wheat in
2011-2012 growing season.
Treatment

HT
(day)

TSW
(g)

GS

GWS
(g)

HI
(%)

TGW
(g)

TW
(kg 100 lt -1)

GY
(kg ha-1)

CT
RT
Mean
0 N (kg ha-1)
50 N (kg ha-1)
100 N (kg ha-1)
150 N (kg ha-1)
Mean
Tillage methods
N levels
Tillage x N levels

220.00
218.58
219.29
219.00
219.83
219.50
218.83
219.29
ns
ns
ns

2.32
2.33
2.32
2.32
2.20
2.32
2.44
2.32
ns
ns
ns

37.32
36.54
36.93
37.25
34.96
36.73
38.78
36.93
ns
ns
ns

1.70
1.70
1.70
1.72
1.61
1.69
1.80
1.70
ns
ns
ns

34.20
32.88
33.54
33.26
34.16
32.38
34.35
33.54
ns
ns
*

30.55
30.59
30.57
30.07
31.31
30.76
30.16
30.57
ns
ns
ns

79.08
79.16
79.12
79.16
79.16
79.16
79.00
79.12
ns
ns
ns

3876.9
3868.1
3872.5
3743.4b
3564.9b
3904.4ab
4277.4a
3872.5
ns
*
ns

ns: non-VLJQLILFDQW S S0HDQVLQWKHVDPHFROXPQZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQW+7
heading time, TSW: total spike weight, GS: grains per spike, GWS: grain weight per spike, HI: harvest index,
TGW: thousand grain weight, TW: test weight GY: grain yield
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grain yield was significantly affected by N levels
(Table 2). In addition, interaction between tillage
methods and N levels was significant for harvest index. One hundred N kg ha-1 positively affected harvest index under CT, but same N levels performed
better under RT. These different responses of the tillage to N levels performed interaction between tillage
methods and N levels (Figure 2).
In 2012-2013 growing season, wheat, chickpea
and fallow were established on the research area. The
results were evaluated according to split plot with
three replicates because of rotation was not applied.
The effects of tillage methods on grain yield were
significant. The differences of N levels were significant for grain weight per spike and grain yield (Table
3). Moreover, the interaction between tillage methods and N levels was significant for harvest index
and grain yield. While 0 and 150 kg ha-1 N levels had
high harvest index under CT, 50 kg ha-1 N levels had
lower harvest index. Thus, interaction between tillage methods and N levels was significant for harvest
index (Figure 3a). While 50 and 150 kg ha-1 N level
had high grain yield under RT, 100 kg ha-1 N level
had lower grain yield. Thus, interaction between tillage methods and N levels was significant for grain
yield (Figure 3b).

FIGURE 2
Interaction between tillage methods and N levels
on harvest index of wheat in 2011-2012 (LSD
5%: 6.781).

RESULTS
Wheat was sown in all plots in 2011-2012
growing season. Because of rotation was not applied,
the results were evaluated according to split plot with
three replicates. Tillage methods did not significantly affected yield and yield components but wheat

TABLE 3
Effect of different tillage methods and nitrogen levels on some yield and yield components of wheat in
2012-2013 growing season.
Treatment

HT (day)

CT
RT
Mean
0 N (kg ha-1)
50 N (kg ha-1)
100 N (kg ha-1)
150 N (kg ha-1)
Mean
Tillage methods
N levels
Tillage x N levels

207.00
205.58
206.29
206.00
206.83
206.50
205.83
206.29
ns
ns
ns

TSW
(g)
2.15
2.23
2.19
2.02
2.19
2.07
2.49
2.19
ns
ns
ns

GS
34.56
35.90
35.23
33.73
35.00
33.48
38.70
35.23
ns
ns
ns

GWS
(g)
1.55
1.61
1.58
1.52 b
1.53 b
1.47 b
1.82 a
1.58
ns
*
ns

HI
(%)
32.33
29.99
31.16
32.77
30.79
29.10
31.97
31.16
ns
ns
*

TGW (g)
38.20
38.05
38.12
37.99
40.09
36.98
37.43
38.12
ns
ns
ns

TW
(kg 100lt-1 )
76.25
76.42
76.33
75.83
74.50
76.83
78.17
76.33
ns
ns
ns

GY
(kg ha-1)
2823.5 b
4071.7 a
3447.6
3320.2 bc
3551.0 ab
3218.0 c
3701.1 a
3447.6
*
*
*

ns: non-VLJQLILFDQW S S0HDQVLQWKHVDPHFROXPQZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQW+7KHDGLQJWLPH
TSW: total spike weight, GS: grains per spike, GWS: grain weight per spike, HI: harvest index, TGW: thousand grain weight,
TW: test weight GY: grain yield.

FIGURE 3
Interaction between tillage methods and N levels on harvest index (A) and grain yield (B) of wheat in
2012-2013 [ LSD 5%: 4.398 (A); LSD 5%: 43.450 (B)].
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TABLE 4
Effect of different tillage methods and nitrogen levels on some yield and yield components of wheat in
2013-2014 growing season.
Treatment

HT
(day)
206.58
206.83
206.70
207.50
206.46
206.17
206.70
206.39
206.72
206.94
206.78
206.70
ns
ns
ns
ns
ns
ns
ns

CT
RT
Mean
W-W-W
W-F-W
W-C-W
Mean
0 N (kg ha-1)
50 N (kg ha-1)
100 N (kg ha-1)
150 N (kg ha-1)
Mean
Tillage methods
Crop rotation
N levels
Tillage x rotation
Tillage x N levels
Rotation x N levels
Till. x rot. x N

TSW
(g)
1.36
1.35
1.36
1.29
1.30
1.49
1.36
1.41
1.38
1.32
1.33
1.36
ns
ns
ns
ns
ns
ns
ns

GS
28.81
28.49
28.65
27.82
27.82
30.32
28.65
28.97
28.73
27.82
29.08
28.65
ns
ns
ns
ns
ns
ns
ns

GWS
(g)
1.01
1.00
1.00
0.95
0.95
1.11
1.00
1.04
1.02
0.96
0.99
1.00
ns
ns
ns
ns
ns
ns
ns

HI
(%)
34.42
32.94
33.68
33.37
34.62
33.04
33.68
33.67
32.72
32.50
35.83
33.68
ns
ns
ns
ns
ns
**
ns

TGW
(g)
33.16
31.75
32.45
32.91
32.14
32.32
32.45
31.71
32.22
32.83
33.07
32.45
ns
ns
ns
ns
ns
ns
ns

TW
(kg100 lt-1)
66.61
59.50
63.05
63.17
63.17
62.83
63.05
61.55
65.94
59.11
65.61
63.05
ns
ns
ns
ns
ns
ns
ns

GY
(kg ha-1)
1283.5 A
935.6 B
1109.5
1173.0 A
990.1 B
1165.6 A
1109.5
1115.6 B
1034.2 C
1192.2 A
1096.2 BC
1109.5
**
**
**
**
**
**
**

ns: non-VLJQLILFDQW S S0HDQVLQWKHVDPHFROXPQZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQW+7KHDGLQJWLPH
TSW: total spike weight, GS: grains per spike, GWS: grain weight per spike, HI: harvest index, TGW: thousand grain weight,
TW: test weight GY: grain yield.

FIGURE 4
Interaction between crop rotation and N levels on harvest index (A) and between tillage methods, crop rotation and N levels on grain yield (B) of wheat in 2013-2014 [LSD 1%: 7.561 (A); LSD
1%: 16.574 (B)].
TABLE 5
Effect of different tillage methods and nitrogen levels on some yield and yield components of wheat in
2014-2015 growing season.
Treatment

HT (day)

CT
RT
Mean
0 N (kg ha-1)
50 N (kg ha-1)
100 N (kg ha-1)
150 N (kg ha-1)
Mean
Tillage methods
N levels
Tillage x N levels

205.90
206.10
206.00
205.80
206.00
206.50
205.70
206.00
ns
ns
ns

TSW
(g)
1.67A
1.33B
1.50
1.70A
1.27B
1.48AB
1.56A
1.50
**
**
*

GS
30.84 A
24.02 B
27.43
31.22 A
23.80 C
28.32 B
26.38BC
27.43
**
**
*

GWS
(g)
1.15 A
0.89 B
1.02
1.17 A
0.86 C
1.00 B
1.05 B
1.02
**
**
**

HI
(%)
27.74A
22.31 B
25.02
27.20 a
25.96ab
24.01ab
22.93 b
25.02
**
*
**

TGW
(g)
39.62
39.53
39.57
38.48
40.58
37.55
41.68
39.57
ns
ns
ns

TW
(kg100lt-1 )
66.33
65.25
65.79
65.17
65.50
66.00
66.50
65.79
ns
ns
ns

GY
(kg ha-1)
2178.00 A
1438.00 B
1808.00
1851.00 ab
1654.00 b
1790.00 ab
1935.00 a
1808.00
**
*
**

ns: non-VLJQLILFDQW S S0HDQVLQWKHVDPHFROXPQZLWKGLIIHUHQWOHWWHUVDUHVLJQLILFDQW+7
heading time, TSW: total spike weight, GS: grains per spike, GWS: grain weight per spike, HI: harvest index,
TGW: thousand grain weight, TW: test weight GY: grain yield.
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but same N levels performed better performence under WW rotation in RT. Hence, the interaction between tillage methods, rotation systems and N levels
was significant for grain yield (Figure 4b).
In 2014-2015 growing season, wheat, chickpea
and fallow were stablished in the research area. Effect of tillage on total spike weight, grains per spike,
grain weight per spike, harvest index and grain yield
were significant. The differences of N levels were
significant for total spike weight; grains per spike,
grain weight per spike, harvest index and grain yield
(Table 5). In addition, the differences

Wheat was sown in plots in 2013-2014 growing
season. Tillage methods, crop rotation systems and
N levels significantly affected grain yield (Table 4).
The interaction between crop rotation and N levels
was significant for harvest index and there were significant differences among interactions for grain
yield. While 150 kg ha-1 N had the highest harvest
index in WW rotation, 50 kg ha-1 N had the lowest
harvest index in the rotation. Thus, interaction between rotation and N levels was significant for harvest index (Figure 4a). The 50 N kg ha-1 showed
superior performence under WF rotation in the RT

FIGURE 5
Interaction between tillage methods and N levels on total spike weight (A), grains per spike (B), grain
weight per spike (C), harvest index (D) and grain yield (E) of wheat in 2014-2015 [LSD 5%: 0.2516 (A);
LSD 5%: 2.769 (B); LSD 1%: 0.172 (C); LSD 1%: 5.419 (D); LSD 1%:34.983 (E) ].
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RT could better protect the soil moisture and grain
yield might have increased. Some researchers reported that wheat grain yield was higher under RT
than CT [24, 25, 23, 33].
Total precipitation during the 2013-2014 growing season and mean of long term were 269.4 and
329.7 mm, respectively. Mean temperature for growing season was near the long term but total precipitation was lower than long term (Figure 1). Grain
yield and yield components of wheat were particularly low in the third year than normal. It seems that
the water stress clearly tended to reduce the yield and
yield components. Wheat grain yield was significantly affected by tillage methods in 2013-2014
growing season. Grain yield for CT was higher than
RT. The average grain yield was higher under CT
than no-till [34, 35]. Malecka et al. [17] found similar response to tillage for spring barley (Hordeum
vulgare L.). Wozniak [36] reported that wheat grain
yield was higher under CT than RT and no- tillage in
different locations.
Wheat total spike weight, grains per spike,
grain weight per spike, harvest index and grain yield
were significantly affected by tillage methods in
2014-2015 growing season. These compenents were
significantly higher under CT than RT. Total precipitation during the growing season and long term were
546.1 and 329.7 mm, respectively. Mean temperature for growing season was near the long term but
total precipitation was very higher than long term
(Figure 1). Total precipitation for the November and
December (42.4 mm) were below the long-term total
precipitation (78.0 mm). The low precipitation after
sowing caused drought which had negative effect on
crop establishment. Therefore, grain yield and yield
components were particularly low in the fourth year.
CT was more productive than RT, due to very high
precipitation in this year. CT with single fall cultivation to a depth of 25-30 cm for wheat production was
considired to be better than RT in the region due to
more water storage. Wet conditions during July 1986
would have caused periods of high relative saturation
resulting in soil aeration stress in the shallow tillage
and direct-drilled treatments [37]. Hemmat and
Eskandari [24] reported that grains per spike were
higher under CT than RT with no significance differences between tillage treatments. Over the 4-year
study period, the tillage methods influenced wheat
grain yield. Grain yield was significantly higher under CT compared to RT in 2013-2014 and 20142015. Frederict et al. [38] concluded that wheat grain
yields increased 22% by fall deep tillage compared
to surface tillage (disked twice). Lopez-Bellido et al.
[19] reported that grain yield was higher under CT
than no-tillage for chickpea due to three very rainy
years. O]SÕQDUDQGdD\[23] concluded that CT had
the highest wheat yield compared to RT in the second year.
Wheat grain yields were higher in the WW and
WC rotation than in the WF rotation in 2013-2014

between the soil tillage x N levels interactions for total spike weight, grains per spike, grain weight per
spike, harvest index and grain yield were significant.
Hundred fifty N kg ha-1 showed superior performence under CT for total spike weight but same
N levels caused better performance under RT for total spike weight. Hence, interaction between tillage
methods and N levels was significant (Figure 5a).
While no N treatment had high grains per spike under RT, 50 kg ha-1 N had the lowest grains per spike
under same tillage method. Thus, interaction between tillage methods and N levels was significant
for grains per spike (Figure 5b). The 150 N kg ha -1
showed superior performence under CT for grain
weight per spike but same N levels performed better
under RT for grain weight per spike. Hence, interaction between tillage methods and N levels was significant (Figure 5c). One fifty N kg ha-1 positively
affected harvest index under RT, however, higher N
levels significantly increased harvest index in same
tillage methods. Therefore, there was interaction between tillage methods and N levels (Figure 5d). CT
showed superior performence for all of N levels but
RT showed better performance for all N levels.
Hence, there was significant interaction between tillage methods and N levels (Figure 5e).

DISCUSSION
In 2011-2012 growing season, total precipitation (361.6 mm) was higher than long-term (329.7
mm) and mean temperature for growing season was
near the long term (Figure 1). The effect of tillage
methods on yield and yield components were not significant due to heavy rain [especially October, January, February, March, and May at the vegetation period (Figure 1)]. Rainfall could prevent the potential
benefit of RT. Eser et al. [30] and Hao et al. [11] estimated that conservation and minimum tillage did
not affect wheat grain yield. Wheat thousand grain
weight did not affect different tillage systems [21].
Carr et al. [22] reported that tillage methods did not
affect grains per spike.
Wheat grain yield was significantly affected by
tillage methods in 2012-2013 growing season. Grain
yield was significantly higher under RT than CT.
Total precipitation during the growing season and
long term were 338.5 and 329.7 mm, respectively.
Total precipitation and mean temperature for this
growing season was near the long term. Total precipitation for the April and May growing season (49.4
mm) were below the long-term total precipitation
(79.7 mm) in same months but May mean temperatures was above long-term (Figure 1). There were
low rainfall and high evaporation in the spring. Conservation tillage practices, systems of managing crop
residues into the soil surface with minimum or no
tillage [31] are crucial in efficiently saving more precipitation for crop production [32]. In our research,
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growing season. A little difference was recorded between WW and WC rotations, but WF differed markedly from other rotations. In semiarid areas, fallow ±
cereal rotations have shown low water use efficiency
[39, 40] and there is no evidence that long fallows
are always a satisfactory practice in these areas. Cereal monoculture may deplete soil nutrients [10, 41],
and increase pest [42] and weed populations [43],
OHDGLQJWRUHGXFWLRQLQ\LHOGDQGIDUPHU¶VSURILW,Q
contrast annual grain legumes, grown in rotation
with cereal crops, can contribute to the total pool of
N in the soil and improves yields of the cereal [44].
Some researchers reported that cereal-legumes rotation gave higher grain yield than others [45, 46, 11].
In our research, narrowing of the difference in yields
from the WW and WC rotations may be due to
drought (Figure 1). Fisher et al. [47] indicated that
wheat grain yield were not significantly different in
WW rotation and wheat-legumes rotation. Dalal et
al. [12] reported that the magnitude of wheat yield is
likely to be depend on severel factors including seasonal conditions [both fallow period rainfall and crop
year rainfall, performance of the previous chickpea
crop (plant biomass, grain yield, N accretion and
grain N removal), soil fertility levels, tillage practices and disease incidence].
Increasing N levels increased grain yield in
2011-2012 growing season. The highest grain yield
(4277.4 kg ha-1) was obtained with 150 N kg ha-1
(Table 2). The differences of N levels were significant for grain weight per spike and grain yield in
2012-2013 growing season. Increasing N levels increased grain weight per spike and grain yield. Increasing N levels increased grains per spike, too but
it was not significant. The lowest grains per spike,
grain weight per spike and grain yield were obtained
without N application. In contrast, the highest values
were obtained with 150 kg ha-1 (Table 3). OrtizMonasterio et al. [48], [49], [30], [13] reported that
increasing N levels increased wheat grain yield. Increasing N levels increased grains per spike [49].
The effects of N levels on grain yield were not clear
in 2013-2014 growing season. No N and 100 N kg
ha-1 produced higher grain yield (Table 4). The reduction of soil water content due to drought might
reduce the N solubility (Figure 1). N solubility and
intake might be influenced by drought. The differences of N levels were significant for total spike
weight, grains per spike, grain weight per spike, harvest index and grain yield in 2014-2015 growing season (Table 5). No N treatment gave higher total spike
weight, grains per spike, grain weight per spike and
harvest index. One hundred-fifty N kg ha-1 gave
higher grain yield with no significant difference with
any N treatment. There was an excessive precipitation in the area in fourth growing season (Figure 1)
which can leach N fertilizer. Therefore, effect of N
fertilization may have been lost.
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CONCLUSIONS
Based on the results of a 4-year field study on a
GU\ODQG FRQGLWLRQV LQ (VNLúHKLU 7XUNey; Conventional tillage method resulted in higher grain yield
and yield components compared to reduced tillage.
Conventional tillage was more productive than reduced tillage due to more water storoge, especially
in wet years. Four years is certainly not long enough
to reveal the full effects of the crop rotations, but
wheat-chickpea rotation provided an alternative to
wheat-fallow cropping system in the region. The effect of increasing N levels was unclear. Excessive
rainfall or drought might have affected N fertilizer
benefits. According to the results, 100 or 150 N kg
ha-1 is recommended in the region for wheat. Results
also indicated that; using conventional tillage with
wheat-chickpea rotation and 100 to 150 N kg ha-1 for
wheat would be recommended for wheat production
in the region.
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are peer accepted programs with their own distinctive applications, a significant number of conservation strategies are employing both ex situ and in situ
methodologies as techniques that mutually complement each other [1].
Research studies conducted with the aim of exploring methods employed for conservation of biological diversity have revealed that, in addition to
conventional in situ methods, a variety of ex situ conservation strategies are also being employed in conservation programs aimed at ensuring the survival of
endemic or endangered plant species; these studies
also emphasized that in vitro cultures are an efficient
method for the ex situ conservation of plant diversity
[2,3,4,5]. In the last 20 years, micropropagation and
other similar in vitro techniques have been extremely
popular in the efforts aimed at the conservation and
multiplication of wild species. Thanks to these techniques, a large number of endangered species have
been conserved by propagating them from a small
amount of plant material while simultaneously maintaining a minimum level of impact on the wild population [3,4,6,7,8,9].
Centaurea L. is a relatively large genus that is
represented by about 400-700 species around the
world; nearly 200 species are found in Turkey [10].
As a result of this high concentration of species of
interest, Turkey is widely regarded as one of the most
important gene pools of Centaurea [11,12,13]. Of
the 200 Turkish species, 136 are considered to be endemic out of which approximately 75 are classified
as rare, threatened or endangered [10]. Among the
threatened species, Centaurea lycaonica is classified
as CR (critically endangered) endemic as per the
IUCN categories and is listed in the Red Data Book
of Turkish Plants [10,14,15]. Only two naturally occurring populations of C. lycaonica are known;
therefore, it is imperative that both in situ and ex situ
strategies are actively employed in order to conserve
this endangered taxon and supplement the low population figures [10].
Several studies aimed at investigating the in
vitro propagation and adventitious shoot regeneration potential of endangered Centaurea species have
been conducted till date. In the particular case of C.
junaniana, promising results were obtained when
shoot meristems and node cultures were used; also,
in vitro regeneration studies conducted with leaf,
root, hypocotyl and cotyledon explants were seen to

ABSTRACT
Centaurea lycaonica is a critically endangered
endemic plant species found in Turkey. In this study
in vitro culture techniques were evaluated as an ex
situ strategy for conservation of this species.
Achenes were surface sterilized and cultured either
in MS medium alone or along with GA3 in an attempt to induce germination. It was observed that the
overall germination rate was low and that the highest
rate (20%) was obtained when hormone-free MS medium was used. For axillary shoot pro-pagation,
nodal explants were cultured on MS me-dium supplemented with BAP, Kin or TDZ. The highest shoot
number (8.7 shoots per explant) was obtained on MS
medium supplemented with 0.5 mg L±1 BAP. Leaf
explants were removed from the in vitro axillary
shoots that were used as explants and cultured on
medium including BAP, Kin, TDZ alone or with
NAA. The calli obtained exhibited differences in
morphology which appeared to be dependent on type
and combination of PGR used. It was found that BAP
was the only PGR that was capable of eliciting a positive response with respect to shoot regeneration.
The highest shoot number (32.3 shoots per explant)
was obtained on MS medium supplemented with 0.5
mg L±1 BAP and 0.2 mg L±1 NAA. Regenerated
shoots were transferred into various rooting media.
The best rooting rate (90%) was obtained on MS medium supplemented with 2 mg L±1 IAA. Rooted
shoots were successfully acclimatized and were observed to grow vigorously under ex vitro conditions.

KEYWORDS:
Endemic, germination, micropropagation, organogenesis,
C. lycaonica

INTRODUCTION
One of the most serious global environmental
threats being faced by mankind today is the slow but
steady decline in available biological diversity. Both
ex situ (conserving species outside their natural habitat) and in situ (conserving species within their natural habitat) approaches are being employed in an attempt to conserve biological diver-sity and stem its
decrease. As both the above mentioned approaches
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Leaf explants (5-6 mm), dissected from in vitro
cultured shoots, were cultured in varying concentration (0.2-4.0 mg L±1) and combinations of plant
growth regulators [PGRs: BAP, Kin, TDZ, a-naphthaleneacetic acid (NAA)]. After eight weeks, the
number of explants producing calli, the number of
calli producing shoots and the number of shoots per
callus were recorded. The regenerated shoots (2±
3cm) were individually transferred to 50 ml magenta
vessels containing MS medium with or without 1.0
mg L±1 indole-3-butyric acid (IBA), NAA or indole3-acetic acid (IAA) for rooting. It was observed that
the most impressive results were generated under
conditions wherein the MS media was supplemented
with IAA. In order to further probe this finding, regenerated shoots were cultured on MS medium including varying concentrations of IAA (0.5, 1.0, 2.0
mg L±1) as well as ½MS and MS + 2% sucrose. After
eight weeks, the number of roots per shoot was determined and rooting was expressed as a percentage.
Rooted plantlets were then transferred to plastic
glasses containing a 1:1 mixture of autoclaved peat
and perlite; they were covered with translucent plastic bags under grown chamber conditions. Plastic
bags were opened gradually to reduced relative humidity conditions. After four weeks, the plastic bags
were removed; plants were transferred into pots containing soil and grown under environmental conditions.
Basal MS medium was supplemented with 3%
sucrose and 0.7% agar. The pH of the media was adjusted to 5.8 prior to autoclaving at 121 ºC for 20
min. All cultures were maintained at 24 ±2 ºC in
growth chamber (SANYO: MLR351H, Japan) with
fluorescent light (3LS); a 16 h light/ 8 h dark photoperiod was rigorously followed.
Each germination study experiment was conducted using five replicates containing a total of 20
achenes per magenta vessel. Five explants were cultured in each culture vessel. Three replicates were
used per experiment and every experiment was done
in duplicate for shoot regeneration and rooting studies. Statistical analysis was conducted using the software SPSS for Windows. Significance level was determined by analysis of variance (ANOVA) based on
a randomized complete block design; the differences
EHWZHHQ WKH PHDQV ZHUH FRPSDUHG E\ 'XQFDQ¶V
multiple range test.

promote plant regeneration [16]. The same was observed with shoot tips and lateral meristems in case
of C. macrocephala [17,18], with shoots in C. ragusina [19], inflorescence stem parts in C. paui [7],
with nodal pieces taken from the floral stem in C.
spachii [20], with shoot tips in C. rupestris [21], with
nodal pieces taken from the stem in C. reichenbachii
[22], with immature zygo-tic embryos, shoots and
nodal pieces taken from the stem in C. tchihatcheffii
[23,24], with leaves and leaf stalk explants in C. depressa [25], with axillary shoots in C. zeybekii [26],
with shoot and leaf explants in C. ulteriae [27,28],
with leaf explants in C. arifolia [29] and, lastly, with
leaf explants in the case of C. montana [30].
To the best of our knowledge, no earlier study
has investigated the in vitro propagation properties
of C. lycaonica. In the present study, it was aimed to
fill this lacuna by developing an efficient protocol for
the micropropagation of C. lycaonica, a critically endangered species endemic to Turkey.

MATERIAL AND METHODS
Capitula of C. lycaonica DV FODVVL¿HG E\ 'U
Ahmet Duran, were collected from a natural populaWLRQVRXUFHLQ7XUNH\ &.RQ\D%H\úHKLU5RDG
km, localities: 37° 53' 205 N 31° 59' 736 E) during
the month of July 2011 by Dr. Ahmet Duran.
Achenes were isolated from the collected capitula
under standard laboratory conditions. Mature
achenes that appeared dark in color were selected for
the purpose of the study and stored in paper bags at
room temperature till use.
In order to ascertain appropriate sterilization
procedures, the isolated achenes were rinsed using
varying concentrations of commercial bleach (10%,
20%, 50%) supplemented with 1-2 drops of Tween20 for a time period of 10 or 15 min. Subsequent to
this, they were rinsed three times with sterile distilled
water in a laminar flow hood. The sterilized achenes
were then transferred into magenta culture vessels
containing Murashige and Skoog (MS) medium [31],
with or without gibberellic acid (GA3) (1.0 or 3.0 mg
L±1) for germination. The number of germinated
achenes was calculated three weeks post culturing.
Well-developed seedlings were used as initial explants for further shoot pro-pagation studies.
In order to axillary shoot multiplication, seedlings (2±4 cm) grown in MS medium were separated
from their leaves and roots and inoculated into MS
medium supplemented with varying concentrations
(0.5, 1.0 and 2 mg L±1) of 6-benzyladenine (BAP),
kinetin (Kin) or thidiazuron (TDZ). Following four
weeks of culturing, the number of shoots per explant
was scored. The regenerated shoots were then transferred into MS medium supple-mented with 0.2 mg
L±1 BAP to shoot elongation. The shoots thus regenerated were used as the explant source for adventitious shoot propagation.

RESULTS
The sterilization of achenes was achieved in
high proportion (100%) in treatments conducted using 50% commercial bleach preparation. All other
variations, with respect to bleach concentration,
proved to be ineffective. Fungal contamination was
observed on the culture at these treatments after 10
days of culture. During in vitro germination experi-
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shoots per explant was observed to vary significantly
between the different PGRs but concentrations of
PGRs and the interaction between PGRs and their
concentrations were not observed to statistically affect the number of shoots. The results obtained with
BAP were superior to those obtained for Kin and
TDZ. BAP supplemented media was observed to
produce 7.0 shoots per explant (mean value) whereas
Kin and TDZ supplemented media produced 4.5 and
1.6 shoots per explant respecti-vely. The highest
number of shoots per explant (8.7) was obtained under conditions wherein MS medium was supplemented with 0.5 mg L±1 BAP (Table 1). Regenerated
shoots were subcultured on MS with 0.2 mg L±1
BAP. Elongated shoots were used as the explant
source for the adventitious shoot regeneration experiment.

ments, it was observed that the achenes of C. lycaonica were very difficult to germinate and that there
was no significant variation between different treatments. Germination of C. lycaonica achenes ranged
between 12±20% for all treatments explored in this
study. The best result (20%) was obtained when hormone free MS medium was employed. The percentage of germination was not observed to increase
upon supplementation with GA3 (Figure 1).

TABLE 1
The effect of BAP, TDZ or Kin and their different concentrations on axillary shoot propagation from nodal explants of C. lycaonica

FIGURE 1
The effect of GA3 on germination of C. lycaonica

Concentration (mg L-1)
0.5
1
2
8.7
6.4
6.0
BAP
1.5
1.7
1.6
TDZ
3.8
4.3
5.3
Kin
Values with in a column followed by different
significantly different (p<0.01)
PGRs

Mean
7.0 a
1.6 c
4.5 b
letters are

Leaf explants cultured on different growth media exhibited different growth response patterns.
Callus formation was observed for all tested PGRs
but the induced calli were observed to exhibit morphological variations depending on the type of PGRs
that had been employed. When BAP or Kin supplemented media was used, the callus was seen to form
on the cut surface of the explant after 2 weeks of culture. In TDZ containing media how-ever, explants
were observed to exhibit a delayed response to callus
formation and callus induction was seen only after 4
weeks of culture. All explants were seen to produce
calli on medium that had been supplemented with
BAPxNAA and TDZxNAA (expect highest concentration of BAP and TDZ) or 2.0 mg L±1 TDZ. It is
important to note that the percentages of calli observed were very low in Kin supplemented media
and the explants were not seen to produce callus even
when 0.5, 1.0, 4.0 mg L±1 Kin was used. The effect
of PGRs and their combinations on calli formation is
given in Table 2. Explants cultured on medium supplemented with BAP produced yellowish-cream, diffused calli. Calli were green-creamy and compact
when BAPxNAA supplemented medium was used.
In TDZ containing medium, the calli were yellowish,
tender and watery whereas they were green, compact
and friable on TDZxNAA containing medium (Figure 2). In medium where Kin alone was added it was
seen that the calli production by explants was very
minimal. Also, the calli thus produced were brown
in color, compact and of poor vigor. On the contrary,

FIGURE 2
Micropropagation from nodal and in vitro derived leaf explants of C. lycaonica. (a) Propagated
axillary shoots from nodal explant on MS medium containing 0.5 mg L±1 BAP. (b-e) Calli appeared on the leaf explants on MS medium supplemented with: TDZ alone, TDZ and NAA, Kin
alone, Kin and NAA after four weeks of culture,
respectively. (f) Development of shoot initials and
(g) adventitious shoots from leaf explant on MS
medium containing 0.5 mg L±1 BAP and 0.2 mg L±
1
NAA.(h) Root development on regenerated
shoot after four weeks on MS containing 2 mg L±
1
IAA. (i-j) Acclimatized plantlet after four weeks
and 12 weeks of the transfer ex vitro conditions
(bar = 1 cm).
Varying concentrations of three different PGRs
were tested for their ability to influence axillary
shoot propagation of C. lycaonica. The number of
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which were cultured on 0.5 or 1.0 mg L±1 BAP and
NAA supplemented medium were seen to produce
shoots. It was observed that when concentration of
BAP was increased during the proliferation stage,
the number of shoots formed declined significantly
(Table 3). However, addition of NAA to the culture
medium resulted in an increase in the number of
shoots produced. The highest shoot number (32.3
shoots per explant) was obtained using medium supplemented with 0.5 mg L±1 BAP and 0.2 mg L±1
NAA.

when medium was supplemented with both Kin and
NAA, green, globular and compact calli were observed (Figure 2). When MS medium was used in
combination with BAP it was observed that the calli
showed differentiation and shoot primordia were visible on the surface (Figure 2). Calli differentiation
was not observed in any other PGR supplemented
medium.
The concentration of BAP or NAA was found
to impact the shoot propagation propensity of C. lycaonica. The percentage of shoot formation was calculated to be between 26.7% and 100%. All calli

TABLE 2
The effect of BAP, TDZ or Kin alone or in combination with NAA on callus formation
from the leaf explants of C. lycaonica
PGRs
(mg L-1)

BAP

TDZ

Kin

0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0
0.2
0.5
1.0
2.0
0.2
0.5
1.0
2.0
0.5
1.0
2.0
4.0
0.5
1.0
2.0
4.0

NAA
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Percentage
of
callus formation

Appearance of callus

86.7
93.3
93.3
46.7
100
100
100
73.3
93.3
66.7
46.7
100
100
100
100
93.3
40
66.7
40
26.7
66.7

Yellowish-creamy and not more compact callus with visible
shoot primordia on the surface

Green-creamy and compact callus with visible shoot primordia
on the surface

Yellowish, tender and watery callus

Green, compact and friable callus

Brown and poor vigor callus

Green, globular and compact callus

TABLE 3
The effect of concentration and combination of BAP and NAA on shoot propagation
from the leaf explants of C. lycaonica
Percentage of shoot formation

PGRs
mg L-1
BAP
NAA

0.0

0.2

0.4

Number of shoots per explant

Mean

0.0

0.2

0.4

0.5
80
100
100
93.3 a
17.3
32.3
21.5
1.0
93.3
100
100
97.8 a
14.6
20.7
15.7
2.0
93.3
80
60
77.8 a
6.8
8.9
4.9
4.0
26.7
53.3
46.7
42.2 b
2.5
2.3
3.0
Mean
73.3
83.3
76.7
10.3 b
16.1 a
11.3 b
Values with in a column or a line followed by different letters are significantly different (p<0.05)
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Mean
23.7 a
17.0 b
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FIGURE 3
The effect of concentration of IAA, sucrose and MS on root formation of C. lycaonica

by Özel et al., 2006 [24]. The rate of germination in
the Centaurea species is known to be on the lower
side. In order to break the dor-mancy, a variety of
achene treatments have previously been reported;
these treatments include: use of various alternate
temperature or light conditions, immersion in acid,
exogenous application of GA3, etc. [26,29,33,34].
Several early studies reported that application of
GA3 increased the germination of achenes in some
species of this genus [26,33,35]. A change in the endogenous threshold levels of ABA and GA3 within
the seed is the primary factor in determining germination or dormancy. Exogenous growth regulators
could potentially cause a shift in this threshold level.
However, the effect they may generate would be dependent upon the level of dormancy which in turn is
determined by genotype and seed production environment [36,37]. Apparently, as per data available in
this study, the application of GA3 did not seem to enhance the germination of achenes in C. lycaonica.
C. lycaonica is an endangered species with
only two documented populations in nature and an
extremely low germination rate. Hence, the preservation of its habitat is of prime importance. Micropropagation is an excellent alternative to other
known methods of propagation. Three PGRs were
tested for shoot propagation from nodal explant and
it was noted that all of them were able to induce formation of shoot. Of these three PGRs, BAP was observed to be most influential producing 7.0 shoots
per explant. The same PGRs, either alone or in combination with NAA, were tested for shoot regeneration from leaf explant. The resultant data indicated
that BAP was the only hormone that elicited a positive response. The calli generated in MS medium that
was supplemented with TDZ and Kin did not produce shoots. The results also indicated that the
amount of BAP used in MS medium impacted the
shoot regeneration. 0.5 mg L±1 BAP, producing 8.7
shoots per nodal explant and 23.7 shoots per leaf explant, proved to be the best treatment. BAP is a cytokinin that is very commonly used for inducing

The first experiment that was conducted with
the objective of analyzing rooting revealed that the
highest percentage of rooting was obtained when MS
medium was used in combination with IAA but, it
was also observed that the variation in the root formation frequency was not statistically dependent on
the type of auxin used (data not shown). In the second experiment, MS, ½MS and 2% sucrose, with
varying concentrations of IAA, was tested for its
ability to impact rooting. The results indicated that
sucrose concentration or the reduction in the MSnutrient content present in the medium did not have
a statistically significant effect on rooting percentages (Fig 3). The highest mean percentage of rooting
(73%) was obtained when ½MS was used. However,
the best result (90%) was obtained on MS supplemented with 2.0 mg L±1 IAA (Fig 3). In addition, it
is noteworthy that the roots developed in this medium were very vigorous (Fig 2).
Plantlets were transferred to plastic glasses covered with a plastic bag. These were opened gradually
in order to reduce the relative humidity. This procedure ensured that the plantlets were transplanted to
ex vitro conditions (Fig 2). After four weeks, the
plants were transferred to pots containing soil where
they exhibited normal growth profiles (Fig 2).

DISCUSSION
The bleach, which is a common sterilization
agent, was used for the purpose of surface sterilization of plant parts and achenes belonging to various
Centaurea species [24,29,32,33]. To this purpose,
the achenes were exposed to varying concentrations
of commercial bleach in order to achieve surface
sterilization and in vitro germination. No contamination or damage to the achenes was observed when
treated with 50% bleach. However, the germination
percentage of the achenes was noted to be quite low.
Similar results were also reported in C. tchihatcheffii
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shoot proliferation in several plant species [38,39].
In addition to the above mentioned results, it has also
been reported in literature that BAP is the most effective cytokinin insofar as micropropagation of
other Centaurea species are concerned [16,21,26,
27,40]. In sharp contrast, Kin was reported to be ineffective in inducing propagation of C. ultreiae [27].
However, a study conducted by Cuenca et al. (1999)
[7] revealed that supplementing MS medium with either BAP or Kin resulted in the production of the
highest number of shoots from inflorescence nodal
segments of C. paui. In the present study, it was observed that adding NAA to the growth medium led
to a significant improvement in shoot formation and
increased the shoot number especially at low concentrations. Adventitious shoot propagation was
achieved by combining BAP with NAA in C. arifolia
[29], which is in contrast to the results reported when
the impact of this combination was assessed in C. ultreiae [28]. The differences might be explained by
variations in the genotype which is the one of the
most crucial factors influencing results in plant tissue
culture.
Several studies have reported that IBA is the
best auxin for promoting rooting of regenerated
shoots in the Centaurea species [20,21,24,26]. However, in this study the highest percentage of rooting
was obtained with IAA in C. lycaonica. On the other
hand, it was also noted that the percentage of rooting
ZDVQ¶W VLJQLILFDQWO\ different or dependent on the
type of auxin used. The rooting percentage of C. lycaonica was very high when compared with that reported for C. macrocephala [17], C. paui [7], C. tchihatcheffii [24], and C. zeybekii [26].
Plantlets were gradually acclimatized to plastic
glasses and subsequently transferred to pots under
environmental conditions after four weeks. The procedure was very successful (100%) and all plants
were observed to grow into mature plants. Comparable results were obtained when a similar acclimatization process was used in the case of C. spachii [20]
and C. ultreiae [27].
In conclusion, this is the first study of its kind
that successfully describes simple, efficient and
rapid protocols for the micropropagation of C. lycaonica via nodal and in vitro derived leaf explants.
The protocols can be employed in the future for an
ex situ conservation of this endangered endemic species. As the Centaurea genus includes several plants
of medicinal value that are of great importance in traditional medicine, our results offer an added dimension of relevance and value. In vitro propagation of
C. lycaonica using the protocols elucidated in our
study could be instrumental in ensuring a continuous
supply of plant material for future assessment of medicinal activity.
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.H\/DERUDWRU\RI&RPSUHKHQVLYHDQG+LJKO\(IILFLHQW8WLOL]DWLRQRI6DOW/DNH5HVRXUFHV4LQJKDL,QVWLWXWHRI6DOW/DNHV
&KLQHVH$FDGHP\RI6FLHQFHV;LQLQJ4LQJKDL&KLQD

4LQJKDL(QJLQHHULQJDQG7HFKQRORJ\5HVHDUFK&HQWHURI&RPSUHKHQVLYH8WLOL]DWLRQRI6DOW/DNH5HVRXUFHV4LQJKDL,QVWLWXWHRI6DOW
/DNHV&KLQHVH$FDGHP\RI6FLHQFHV;LQLQJ4LQJKDL&KLQD

8QLYHUVLW\RI&KLQHVH$FDGHP\RI6FLHQFHV%HLMLQJ&KLQD

'HSDUWPHQWRI&KHPLVWU\&KRQJTLQJ1RUPDO8QLYHUVLW\&KRQJTLQJ&KLQD

4LQJKDL/LDQ\X3RWDVK&R/WG*HHUPX4LQJKDL&KLQD

FRQFHQWUDWLRQV DQG PDWUL[ LQWHUIHUHQFHV7KHUHIRUH
LQWUDFHDQDO\VLVILHOGSUHFRQFHQWUDWLRQDQGVHSDUD
WLRQ>@RIWUDFHHOHPHQWVIURPWKHPDWUL[DUHIUH
TXHQWO\QHFHVVDU\WRLPSURYHWKHGHWHFWLRQOLPLWDQG
VHOHFWLYLW\ IRU WKHLU GHWHUPLQDWLRQ %HFDXVH RI WKLV
VHYHUDO PHWKRGV KDYH EHHQ SURSRVHG DQG XVHG IRU
SUHFRQFHQWUDWLRQ DQG VHSDUDWLRQ RI WUDFH HOHPHQWV
DFFRUGLQJWRWKHQDWXUHRIWKHVDPSOHVWKHFRQFHQ
WUDWLRQVRIWKHDQDO\WHDQGPHDVXUHPHQWWHFKQLTXHV
7KHUHKDYHVRPHUHSRUWVLQWKHOLWHUDWXUHVRQWKHSUH
FRQFHQWUDWLRQ DQG VHSDUDWLRQ RI WUDFH HOHPHQWV LQ
VDPSOHVROXWLRQVE\PHDQVRIPDFURSRURXVUHVLQV>
@DQGFKHODWLQJILEHUV>@ZLWKRUJDQLFIXQFWLRQDO
JURXSV EHFDXVH RI WKHLU ODUJH VSHFLILF VXUIDFH DUHD
DQG H[FHOOHQW VHOHFWLYH FKDUDFWHULVWLF RQ DGVRUELQJ
LRQV >@ 5HFHQWO\ PDQ\ UHVHDUFK VFKRODUV HQ
ULFKHGDQGGHWHUPLQHGDVHULHVRIWUDFHUDUHHOHPHQWV
LQDFWXDO VDPSOHV ZLWKV\QWKHVL]HGFKHODWLQJUHVLQV
>@ DQG FKHODWLQJ ILEHUV >@ +RZHYHU WKH
UHVLQVH[KLELWHGVRPHSUREOHPVOLNHSRVVHVVHGVORZ
DGVRUELQJUDWHVDQGGLIILFXOWGHVRUELQJFRQGLWLRQVIRU
WUDFH HOHPHQWV )XUWKHUPRUH ZKHQ VRPH NLQGV RI
FKHODWLQJILEHUVZHUHWUHDWHGZLWKFRQFHQWUDWHGDFLG
RU HOXWHG ZLWK D ODUJH YROXPH RI ZDWHU D VZHOOLQJ
HIIHFWZDVIRXQGDQGUHVXOWHGLQWKHSUREOHPVZKLFK
WKH FKHODWLQJ ILEHUV ZKHWKHU RU QRW UHXVDJHG 7KH
SRO\DFU\ORQLWULOH ILEHU >@ LV V\QWKHVL]HG IURP
DFU\ORQLWULOH ZLWKDFRQWHQWRI >@EHFDXVH
DFU\ORQLWULOHKDVWKH&Ł1ERQGZKLFKFDQUHDFWZLWK
WKH FRPSRXQGV SRVVHVVLQJ IXQFWLRQDO JURXSV FRQ
WDLQLQJ61HWF7KHILEHUKDVJRRGUHVLVWDQFHWRGH
WHULRUDWLRQIURPFKHPLFDOVDQGFDQGU\TXLFNO\DIWHU
WUHDWPHQW ZLWK ZDWHU 0RUHRYHU WKH SRO\DFU\ORQL
WULOHILEHUKDVDIROGODUJHUHIIHFWLYHVSHFLILFVXU
IDFH WKDQ WKH JHOOLQJ VSKHULFDO UHVLQ )XUWKHUPRUH
WKHGLDPHWHURIWKHILEHULVWRIROGVPDOOHUWKDQ
DQ\VSKHULFDOUHVLQ7KHUHIRUHWKH\KDYHDGYDQWDJHV
LQFOXGLQJ JRRG HQULFKPHQW SURSHUW\ HDVH RI UHXVH
DQGDGVRUSWLRQVHOHFWLYLW\HWF)XUWKHUPRUHWKLVFKH
ODWLQJ ILEHU FDQ EH UHXVHG RYHU  WLPHV ZLWKRXW
FKDQJLQJ WKH DGVRUSWLRQ SURSHUWLHV &KHODWHV FRQ
WDLQLQJWKHHOHPHQW6KDYHJRRGDGVRUSWLRQSURSHU
WLHVIRUQREOHPHWDOVDQGKHDY\PHWDOV+RZHYHUWKH

$%675$&7
$ QHZ SRO\ DFU\OSWROXHQHVXOIRQDPLGHDPL
GLQHSWROXHQHVXOIRQ\ODPLGH  FKHODWLQJ ILEHU FRQ
WDLQLQJ61DQG2HOHPHQWVZDVV\QWKHVL]HGVLPSO\
DQG UDSLGO\ IURP SRO\DFU\ORQLWULOH ILEHU DQG SWRO
XHQHVXOIRQDPLGHDQGXVHGIRUSUHFRQFHQWUDWLRQDQG
VHSDUDWLRQ IRU WUDFHV RI 6Q ,9  9 9  %L ,,,  DQG
0Q ,, LRQVIURPZDVWHZDWHUDQGPLQHUDOVDPSOHVR
OXWLRQ 7KHVH LRQV FDQ EH TXDQWLWDWLYHO\ EHHQ HQ
ULFKHG DW S+  DW D IORZ UDWH RI  P/ PLQ DQG
GHVRUEHGTXDQWLWDWLYHO\ZLWKP/RIPRO/+&O
VROXWLRQIURPWKHILEHUFROXPQZLWKWKHUHFRYHULHV
RYHU7ZHQW\WRKXQGUHGIROGH[FHVVHVRIIRU
HLJQ LRQV FDXVH OLWWOH LQWHUIHUHQFH ZLWK WKH HQULFK
PHQWDQGGHWHUPLQDWLRQRIDQDO\]HGLRQV7KHVDWX
UDWHGDGVRUSWLRQFDSDFLWLHVRIWKHILEHUZHUHLQUDQJH
RI  PJ J7KH UHODWLYH VWDQGDUGGHYLDWLRQV
56'V IRUWKHHQULFKPHQWDQGGHWHUPLQDWLRQRI
QJ PO RI 0Q ,,  DQG 9 ,9  DQG  QJ PO RI
%L ,,, DQG6Q ,9 ZHUHLQWKHUDQJH
7KH UHVXOWV REWDLQHG IRU WKHVH LRQV LQ UHDO VROXWLRQ
VDPSOHVE\WKLVPHWKRGZHUHEDVLFDOO\LQDJUHHPHQW
ZLWKWKHJLYHQYDOXHVZLWKDYHUDJHHUURUVRIOHVVWKDQ
7KHFKHODWLQJPHFKDQLVPZDVSULPDULO\GLV
FXVVHGE\)7,5VSHFWUD7KHH[SHULPHQWVVKRZWKDW
WKHPHWKRGLVUDSLGSUHFLVHVLPSOHDQGFRQYHQLHQFH
WRXVH
.(<:25'6
FKHODWLQJ ILEHU PHWDO LRQV SUHFRQFHQWUDWLRQ VHSDUDWLRQ
,&32(6

,1752'8&7,21
7KHGHWHUPLQDWLRQRIPHWDOLRQVDWWUDFHOHYHO
LVH[WUHPHO\LPSRUWDQWDQGVLJQLILFDQWLQWKHFRQWH[W
RI HQYLURQPHQWDO SURWHFWLRQ IRRG DQG DJULFXOWXUH
FKHPLVWU\ DQG KLJK SXULW\ PDWHULDOV >@ +RZHYHU
WKHGLUHFWGHWHUPLQDWLRQRIPHWDOLRQVDWWUDFHOHYHOV
LVOLPLWHGE\WUDGLWLRQDOLQVWUXPHQWVGXHWRWKHLUORZ
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6\QWKHVLVRIWKHFKHODWLQJILEHUS7ROXHQHVXO
IRQDPLGH  J  DQG VRGLXP FDUERQDWH  J  ZHUH
SODFHGLQDWKUHHQHFNHGIODVNZLWKDWKHUPRPHWHUD
GUDLQVOHHYHDQGDJLWDWRUHWKDQHGLRO P/ DQG
GHLRQL]HGZDWHU P/ ZHUHSXWLQWRWKHIODVNDQG
WKHQPL[WXUHZDVKHDWHGE\RLOEDWK$IWHUWKHSWRO
XHQHVXOIRQDPLGHZDVGLVVROYHGFRPSOHWHO\DJ
RIGULHGSRO\DFU\ORQLWULOHILEHUZDVSXWLQWRWKHIODVN
7KHPL[WXUH ZDVUHIOX[HGIRUKZLWKVWLUULQJDW
q&6ROYHQWZDVVHSDUDWHGIURPWKHFKHODWLQJIL
EHUZKHQWKHUHDFWLRQVWRSSHG7KHQFKHODWLQJILEHU
ZDV ZDVKHG ZLWKGHLRQL]HGZDWHUXQWLO QHXWUDODQG
GULHG XQGHU ,5 ODPS$ JROGFRORUHG SRO\ DFU\OS
WROXHQHVXOIRQDPLGHDPLGLQHSWROXHQHVXOIRQ\OD
PLGH  FKHODWLQJ ILEHU ZDV REWDLQHG 7KH QLWURJHQ
FRQWHQW RI WKH FKHODWLQJ ILEHU GHWHUPLQHG E\ HOH
PHQWDO DQDO\VLV ZDV   WKH R[\JHQ FRQWHQW
ZDVDQGWKHVXOIXUFRQWHQWZDV7KH
V\QWKHVLV SURFHVV RI WKH FKHODWLQJ ILEHU PD\ EH
EULHIO\H[SUHVVHGDV)LJ

UHSRUWV DERXW WKLV DUH YHU\ IHZ LQ UHIHUHQFHV >@
7KH V\QWKHVL]HG FKHODWLQJ ILEHU IRU FRQFHQWUDWLQJ
DQG VHSDUDWLQJ VLPXOWDQHRXVO\ WUDFH DPRXQWV HOH
PHQWV 8 9,  >@ &U ,,,  >@$J ,  >@ =Q ,, 
&D ,, >@+J ,, >@$X ,,, >@1L ,, &R ,, 
>@ &X ,,  DQG 3E ,,  >@ DQG PDQ\ PHWDO LRQV
KDYH EHHQ UHSRUWHG EXW 6Q ,9  9 9  %L ,,,  DQG
0Q ,, IURPDFWXDOVDPSOHVKDYHQRWEHHQUHSRUWHG
\HW
,Q WKLV SDSHU WKH QRYHO SRO\ DFU\OSWRO
XHQHVXOIRQDPLGHDPLGLQHSWROXHQHVXOIRQ\ODPLGH 
FKHODWLQJILEHUZDVV\QWKHVL]HGUDSLGO\WKURXJKRQH
VWHS UHDFWLRQ RI SRO\DFU\ORQLWULOH ILEHU ZLWK SWRO
XHQHVXOIRQDPLGHDQGZDVDSSOLHGIRUSUHFRQFHQWUD
WLRQ DQG VHSDUDWLRQ RI PHWDO LRQV IURP ZDVWHZDWHU
DQGRUHVDPSOHVROXWLRQ,QGXFWLYHO\FRXSOHGSODVPD
DWRPLFHPLVVLRQVSHFWURPHWU\ ,&32(6 LVXVHGWR
GHWHUPLQH WKHHIILFLHQF\ ZLWK ZKLFK 6Q ,9 9 9 
%L ,,, DQG0Q ,, LRQVDUHHQULFKHGRQDQGGHVRUEHG
IURPWKHILEHUFROXPQ7KHIXQFWLRQDOJURXSVLQWKH
V\QWKHVL]HG ILEHU ZHUH YHULILHG E\ )7,5 VSHFWURV
FRS\DQGWKHHOHPHQWDOSHUFHQWDJHVZHUHGHWHUPLQHG
E\DQHOHPHQWDQDO\]HU7KHDQDO\WLFDOSUHFLVLRQDQG
DFFXUDF\RIWKHSURSRVHGPHWKRGZHUHDFKLHYHGZLWK
VDWLVIDFWRU\UHVXOWVDQGWKHPHWKRGZDVFRQYHQLHQW
WRXVH

$QDO\WLFDOSURFHGXUH7KHPL[HGVWDQGDUGLRQ
VROXWLRQV RU WKH UHDO VROXWLRQ VDPSOHV ZHUH DFFX
UDWHO\SLSHGDQGGLOXWHGWRP/ZLWKGHLRQ
L]HG ZDWHU 7KH VROXWLRQV ZHUH DGMXVWHG WR S+ 
ZLWKPRO/RI+12DQG1+ā+2DQGSDVVHG
WKURXJKWKHDGVRUELQJFROXPQVDWDIORZUDWHRIP/
PLQWKDWFRXOGEHFRQWUROOHGZLWKVFUHZFODPSV$I
WHUHOXWLQJWKHDQDO\WHIURPWKHFROXPQVZLWKP/
RIPRO/+&OVROXWLRQIRU6Q ,9 9 9 %L ,,, 
DQG 0Q ,,  LRQV WKH VROXWLRQV ZHUH HYDSRUDWHG DW
ORZHU WHPSHUDWXUH WR UHDFK  ±  P/ YROXPH DQG
WUDQVIHUUHGWRDP/ERWWOH7KHHQULFKPHQWUHFRY
HULHVRIWUDFH6Q ,9 9 9 %L ,,, DQG0Q ,, LRQV
LQ WKH ERWWOHV ZHUH GHWHUPLQHG E\ ,&32(6 ZLWK
ZDYHOHQJWK RI 6Q  QP 9  QP %L
QPDQG0QQPUHVSHFWLYHO\

(;3(5,0(17$/
0DWHULDOV DQG PHWKRGV 3RO\DFU\ORQLWULOH IL
EHU IURP/DQ]KRX&KHPLFDO)LEHU)DFWRU\FRQWDLQ
LQJDFU\ORQLWULOHPHWK\ODFU\ODWHDQG
LWDFRQLFDFLG LVFXWZLWKVFLVVRUV5HDJHQWVRIDQ
DO\WLFDODQGVSHFWUDOSXULW\ZHUHXVHGIRUDOOH[SHUL
PHQWV DQG GLVWLOOHG ZDWHU ZDV XVHG WKURXJKRXW
6WDQGDUG VWRFN VROXWLRQV RI  PJ P/ RI 6Q ,9 
9 9 %L ,,, DQG0Q ,, ZHUHSUHSDUHGE\GLVVROY
LQJVSHFWUDOSXUHJUDGHFKHPLFDOVDQGPDGHXSLQ
PRO/QLWULFDFLG7KH\ZHUHPL[HGDQGGLOXWHGLQWR
D VWDQGDUG VROXWLRQ FRQWDLQLQJ  J P/ 6Q %L
DQGJP/90Q LQPRO/QLWULFDFLG 

5(68/7$1'',6&866,216
7KHFRQGLWLRQVRIV\QWKHVLVSURFHVV 7KHHI
IHFWVRIWKHUHDFWLRQFRQGLWLRQVVXFKDVWHPSHUDWXUH
WLPHDQGTXDQWLW\RISWROXHQHVXOIRQDPLGHRQQLWUR
JHQDQGVXOIXUFRQWHQWRIWKHFKHODWLQJILEHUZHUHLQ
YHVWLJDWHG 7KH SWROXHQHVXOIRQDPLGH FDQ EH GLV
VROYHGFRPSOHWHO\RYHU R&7KHSURSHUW\RIWKH
FKHODWLQJ ILEHU FDQ FKDQJH ZKHQ WHPSHUDWXUH
UHDFKHGR&:HFRQWUROOHGWKHTXDQWLW\RIRULJL
QDO PDWHULDOV  J RI SWROXHQHVXOIRQDPLGH 
P/RI±HWKDQGLRODQGJRIGULHGSRO\DFU\ORQL
WULOH ILEHU  UHDFWLRQ WHPSHUDWXUH  R&  DQG
FKDQJHGWKHUHDFWLRQWLPHIURPKWRKWKHQLWUR
JHQFRQWHQWRIWKHSURGXFWGHFUHDVHGJUDGXDOO\IURP
  WR   +RZHYHU ZKHQ WKH UHDFWLRQ
WLPHH[FHHGHGKWKHPHFKDQLFDOSURSHUWLHVRIWKH
FKHODWLQJILEHUEHFDPHLQIHULRU7KHQZHFRQWUROOHG
WKH TXDQWLW\ RI RULJLQDO PDWHULDOV  P/ RI  ±
HWKDQGLRODQGJRIGULHGSRO\DFU\ORQLWULOHILEHU 

,QVWUXPHQWVDQGFRQGLWLRQV$Q,&3LQ
GXFWLYHO\ FRXSOHG SODVPD VSHFWURPHWHU 3HUNLQ
(OPHU LVXVHGIRUDOOPHWDOGHWHUPLQDWLRQV IRUZDUG
SRZHU : YLHZLQJ KHLJKW  PP DERYH ORDG
FRLO$USODVPDJDVIORZ/PLQ$UQHEXOL]HUJDV
IORZ/PLQ$UDX[LOLDU\JDVIORZ/PLQ 
1LFROHW 1(;86 )7,5 86$  DQG S+V&
GLJLWDOS+PHWHU ;LDRVKDQ&KLQD ZHUHDOVRXVHG
LQWKHH[SHULPHQW
$GVRUELQJFROXPQJRIFKHODWLQJILEHUZDV
FDUHIXOO\ ORDGHG LQ D JODVV WXEH  FP OHQJWK 
FP LG DQG  FP LG DW WKH ORZHU WDSHUHG HQG 
ZLWKRXWLQWHUVSDFH
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),*85(
6\QWKHVLVSURFHVVRIWKHFKHODWLQJILEHU

),*85(
,QIOXHQFHRIS+RQ6Q9%LDQG0QLRQVHQULFKPHQWE\WKHILEHUFROXPQ IORZUDWHP/PLQ
UHDFWLRQWLPH K DQGWHPSHUDWXUH  R& DQG
FKDQJHG TXDQWLW\ RI SWROXHQHVXOIRQDPLGH ([FHVV
RISWROXHQHVXOIRQDPLGHZDVPRGHUDWHO\DGGHGLWLV
IDYRU RI UHDFWLRQ %DVHG RQ WKHVH H[SHULPHQWV WKH
ULVHLQWHPSHUDWXUHDQGSURORQJDWLRQRIWLPHLVRID
GLVDGYDQWDJH LQ UHWDLQLQJ PHFKDQLFDO SURSHUWLHV RI
WKH FKHODWLQJ ILEHU 7R V\QWKHVL]H D FKHODWLQJ ILEHU
ZLWK KLJK DGVRUSWLRQ DQG JRRG PHFKDQLFDO SURSHU
WLHVWKHUHDFWLRQFRQGLWLRQVVKRXOGEHFDUHIXOO\VH
OHFWHG6RDPL[WXUHRIJRISRO\DFU\ORQLWULOHIL
EHUDQGJRISWROXHQHVXOIRQDPLGHLQP/RI
±HWKDQGLROZDVVWLUUHGIRUKDWR&DQRYHO
SRO\ DFU\OSWROXHQHVXOIRQDPLGHDPLGLQHSWRO
XHQHVXOIRQ\ODPLGH FKHODWLQJILEHUZDVREWDLQHG

9 9 %L ,,, DQG0Q ,, DWS+ ZHUHRYHU
,QRUGHUWRDYRLGSUHFLSLWDWLRQDWKLJKHUS+
ZDVVHOHFWHGDVWKHHQULFKPHQWDFLGLW\IRUIXUWKHU
ZRUN
,Q DGGLWLRQ WKH H[SHULPHQW UHVXOWV VKRZ WKDW
=Q ,, &G ,, 7O , &R ,, 6H ,9 $V ,,, 3W ,9 
6E ,,,  0J ,,  &D ,,  %D ,,  1D ,  DQG . ,  LRQV
DUHQRWHQULFKHGE\WKHILEHUFROXPQDWS+7KH
UHFRYHULHV RI )H ,,,  *D ,,,  DQG 6E ,,,  LRQV HQ
ULFKHGE\WKHILEHUDWS+RQO\UHDFK
 7L ,9  =U ,9  $X ,,,  5X ,,,  5K ,,,  DQG
3G ,9 FDQDOVREHHQULFKHGDWS+ZLWKUH
FRYHULHV!%XWWKH\GRQRWLQWHUIHUHZLWKHQ
ULFKPHQW DQG GHWHUPLQDWLRQ RI 6Q ,9  %L ,,,  0Q
,, DQG9 ,9 LRQVDWS+IRUPVROXWLRQVDPSOHV

7KHS+HIIHFWRQHQULFKPHQWUHFRYHU\6HYHQ
DOLTXRWVRIP/PL[HGVWDQGDUGVROXWLRQZHUHSLSHW
WHG )ROORZLQJ WKH DQDO\WLFDO SURFHGXUH WKH VROX
WLRQV ZHUH HQULFKHGE\WKH FKHODWLQJILEHUFROXPQV
IURPS+WRDQGWKHQDQDO\]HG7KHUHVXOWVLQ
)LJXUHVKRZWKDWWKH UHFRYHULHVRIWUDFH 6Q ,9 

7KHIORZUDWHHIIHFWRQHQULFKPHQWUHFRYHU\
$FFRUGLQJWRWKHDQDO\WLFDOSURFHGXUHWKHIORZUDWH
WKURXJK WKH ILEHU FROXPQV ZHUH FRQWUROOHG ZLWK
VFUHZ FODPSV LQ WKH UDQJH IURP  WR  P/ PLQ
7KHUHVXOWVLQ)LJXUHVKRZWKDWWUDFH6Q ,9 
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),*85(
(IIHFWRIIORZUDWHRQ6Q9%LDQG0QLRQVHQULFKPHQWE\WKHILEHUFROXPQ S+

),*85(
&RQFHQWUDWLRQRI+&OIRUWKHGHVRUSWLRQRI6Q
9%LDQG0QLRQVIURPWKHILEHUFROXPQ

),*85(
(IIHFWRIHOXWLRQYHORFLW\RQ6Q9%LDQG0Q
LRQVIURPWKHILEHUFROXPQ
5HXVDELOLW\RIFKHODWLQJILEHU7DNHDFKHODW
LQJILEHUFROXPQIROORZLQJWKHDQDO\WLFDOSURFHGXUH
WRFRQFHQWUDWHDQGHOXWHUHSHDWHGO\ $IWHUWKHVHLRQV
DUHGHVRUEHGIURPWKHILEHUHDFKWLPHZLWKWKHHOXHQW
WKHILEHUFROXPQLVZDVKHGWRQHXWUDOLW\ZLWKGHLRQ
L]HGZDWHU $IWHUWZHQW\WLPHVH[SHULPHQWVWKHUH
FRYHULHVRI6Q ,9 9 9 %L ,,, DQG0Q ,, LRQVDUH
PRUHWKDQ0RUHRYHUWKHFKHODWLQJILEHUDIWHU
EHLQJXVHGIRUWZHQW\WLPHVGRHVQRWGLVSOD\REYLRXV
VZHOOLQJ HIIHFW ,Q FRQWUDVW D IHZ UHSRUWHG ILEHUV
FRXOGXVXDOO\EHIRXQGWRVZHOOZKHQUHXVHGWRHQ
ULFKWKHLRQV,WLVWKXVFOHDUWKDWWKHFKHODWLQJILEHU
KDVEHWWHUDELOLW\WREHUHXVHGDQGEHWWHUVWDELOLW\

9 9  %L ,,,  DQG 0Q ,,  LRQV FDQ EH FRQFHQWUDWHG
TXDQWLWDWLYHO\E\WKHILEHUFROXPQDWWKHUDWHRI
P/PLQ ZLWKWKHUHFRYHULHVRYHU $IORZ
UDWHRIP/PLQZDVVHOHFWHGDVWKHEHVWIORZUDWH
7KHHOXWLQJDFLGLW\DQGYROXPH IRUGHVRUS
WLRQ $IWHU WKH ILEHU FROXPQV HQULFKHG WKH PL[HG
VWDQGDUG VROXWLRQV E\ IROORZLQJ WKH SURFHGXUH WKH
FROXPQZDVHOXWHGZLWKPRO/+&O7KH
UHVXOWLQ)LJXUHDQGVKRZWKDWHOXWLQJZLWKPO
RIRUPRO/+&OWKHUHFRYHULHVRIWKHLRQV
ZHUHEHWZHHQDQG6RPORIPRO/
+&O ZDV VHOHFWHG DV WKH HOXWLQJ DFLGLW\ IRU IXUWKHU
ZRUN
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,QWHUIHUHQFHRIIRUHLJQLRQV'LIIHUHQWIRUHLJQ
LRQVZHUHUHVSHFWLYHO\DGGHGWRHDFKHTXDOTXDQWLW\
RIWKHGLOXWHGPL[HGVWDQGDUGVROXWLRQVDQGHQULFKHG
DQG GHWHUPLQHG DFFRUGLQJ WR WKH DQDO\WLFDO SURFH
GXUH7KHUHVXOWVLQ7DEOHVKRZWKDWDIROG
H[FHVVHVRI&D0J%D&G)H&X=Q
DQG$OLRQVFDXVHGOLWWOHLQWHUIHUHQFHLQWKHGHWHUPL
QDWLRQ RI WKH DQDO\WH 0RUHRYHU HYHQ JUHDWHU H[
FHVVHVRI.DQG1DDOVRKDGQRHIIHFWRQWKHGHWHU
PLQDWLRQ RI WKH DQDO\WHV7KLV PD\ UHVXOW IURP WKH
IDFWWKDWWKLVFKHODWLQJILEHUGRHVQRW RUEDUHO\ DG
VRUE IRUHLJQ LRQV VXFK DV &D  0J %D &G
)H&X=Q$O. DQG1DZKLOVWLWKDVH[
FHOOHQW FKHODWLQJ SURSHUWLHV IRU WKH 6Q ,9  9 9 
%L ,,, DQG0Q ,, 

$GVRUSWLRQ FDSDFLW\ DQG UDWH FRQ
VWDQW7DNHFHUWDLQDPRXQWVRI6Q ,9 9 9 %L ,,, 
DQG0Q ,, VWRFNVWDQGDUGVROXWLRQVHSDUDWHO\(DFK
LRQ VROXWLRQ ZDV GLOXWHG ZLWK GHLRQL]HG ZDWHU DQG
DGMXVWHGWRS+$IWHU JFKHODWLQJ ILEHU ZDV
DGGHGLQWRLWWKHVROXWLRQVZHUHVKDNHQRQDPHFKDQ
LFDOYLEUDWRU7KHFRQFHQWUDWLRQVRIWKHDERYHLRQVLQ
WKH VROXWLRQ ZHUH PHDVXUHG DW UHJXODU LQWHUYDOV E\
,&32(6XQWLODGVRUSWLRQHTXLOLEULXPZDVUHDFKHG
7KXVWKHVDWXUDWLRQDGVRUELQJFDSDFLW\RIWKHILEHU
FRXOGEHFDOFXODWHGWREHPJJIRU%LPJJ
IRU6QPJJIRU9DQGPJJIRU0Q

7$%/(
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),*85(
,5VSHFWUD  &KHODWLQJILEHU  )LEHU6Q  )LEHU9  )LEHU%L  )LEHU0Q
7$%/(
&ODVVLILFDWLRQRI,5VSHFWUDODEVRUSWLRQSHDNVRIWKHFKHODWLQJILEHUDORQHDQGWKDWVDWXUDWHGZLWKLRQV
)XQFWLRQDOJURXSV
Ȗ1+ $U621+2 &1+
Ȗ&+RUȖ&+ 2 &1+&+
Ȗ&Ł1
Ȗ& 2
Ȗ1+ 1+
į&+RUȖ& & $U
Ȗ2 6 2 DV\PPHWU\
Ȗ&1 $U&+
Ȗ2 6 2 V\PPHWU\ 
Ȗ&6 62$U
į&+ $U RUȖ1+
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$QDO\WLFDOSUHFLVLRQDQGDFFXUDF\8QGHUWKH
VHOHFWHGFRQGLWLRQVHLJKWSRUWLRQVRIPL[HGVWDQGDUG
VROXWLRQVGLOXWHGWRP/ZHUHHQULFKHGDQGDQ
DO\]HGVLPXOWDQHRXVO\7KHUHVXOWVVKRZWKHUHFRYHU
LHVZHUHLQWKHUDQJH±7KHUHODWLYHVWDQG
DUGGHYLDWLRQV 56'V RIWKHPHWKRGZHUHORZHUWKDQ
VRWKHPHWKRGKDVJRRGSUHFLVLRQLQDQDO\VLV

$FFRUGLQJ WR ±OQ ) .W >@ ZKHUH
) 4W4H4HLVWKHVDWXUDWLRQDGVRUELQJFDSDFLW\LH
WRWDOFDSDFLW\4WLVWKHDGVRUELQJFDSDFLW\DWWPL
QXWH.LVWKHUDWHFRQVWDQWLHWKHVORSHRIWKHOLQH
LQ)LJXUH WKHUDWHFRQVWDQWZDVFDOFXODWHGWREH
PLQIRU%LPLQIRU6QPLQ

IRU9PLQIRU=UDQGPLQIRU0Q
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GHYLDWLRQV 56'V IRUWKHHQULFKPHQWDQGGH
WHUPLQDWLRQRIQJPORI0Q ,, DQG9 ,9 DQG
QJPORI%L ,,, DQG6Q ,9 ZHUHLQWKHUDQJH


RIWUDFH6Q ,9 9 9 %L ,,, DQG0Q ,, LRQVIURP
VROXWLRQVDPSOHV
$QDO\VLVRIUHDOVDPSOHV,WLVIHDVLEOHWRXVH
WKLV PHWKRGWRDQDO\]HWKH ZDVWHZDWHUDQG PLQHUDO
VDPSOHVROXWLRQHWF,QWKLVSDSHUWKHVWDQGDUGDGGL
WLRQPHWKRGZDVXVHGIRUFDOLEUDWLRQDFFRUGLQJWRWKH
VHOHFWHG FRQGLWLRQV DQG FRPSDUHG ZLWK WKH YDOXH
SURYLGHGE\DVPHOWHU7KHUHVXOWVOLVWHGLQ7DEOH
VKRZWKDWWKHUHFRYHULHVRIWKHVHLRQVZHUHLQUDQJH
RI±$QGWKHFRQFHQWUDWLRQVRIWKHVHLRQV
LQWKHUHDOVDPSOHVROXWLRQVGHWHFWHGE\WKLVPHWKRG
DUHEDVLFDOO\LQDJUHHPHQWZLWKWKHDQDO\WLFDOYDOXH
SURYLGHG E\ WKH VPHOWHU ZLWK DYHUDJH HUURUV EHORZ
6RWKHSURSRVHGPHWKRGLVUHOLDEOHIHDVLEOH
DQGDFFXUDWH
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COMPARISON EFFECTIVENESS OF CANOPY VOLUME
MEASUREMENTS OF CITRUS SPECIES VIA ARDUINO
BASED ULTRASONIC SENSOR AND IMAGE ANALYSIS
TECHNIQUES
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2

world citrus production capacity, however Turkey
stands 9th here with the amount of 3.68 million tons
production capacity [1]. According to 2014 citrus
production data, the proportion of Orange is 47 %,
Mandarin, Lemon, Grapefruit proportions are 28 %,
19 % and 6 % respectively in Turkey. Nearly 95 %
of citrus production is provided in Aegean and Mediterranean coasts of Turkey. Approximately, 66% of
citrus is produced in the Çukurova region [2]. Turkey currently exports 6% of citrus exportation to
West Europe and 94 % of it to Eastern European
countries (Russia, Ukraine, Romania, Poland and
Bulgaria) and the Middle East countries (Iraq, Saudi
Arabia, and Iran) [3]. In Turkey, citrus production
has an important position in terms of exports to the
Middle-Eastern countries. The obtained quality of
citrus fruits (dimensions of fruits, brightness, having
low-level chemical residue) is an important factor
here. Regarding to citrus growing intense, Çukurova
region has favorable ecological conditions, climatic
characteristics and soil structure. Ecological conditions have important role for the quality of the fruit
of Çukurova citrus. But the plant nutrients, pesticides and water management are needed to ensure
the required quality. These factors are depend on the
tree canopy volume and the age of the tree. Determination of the tree canopy volume is an important criterion to define amounts of fertilizer, pesticide and
water requirements. Determination the volume of the
tree canopy takes about 30 minutes per tree manually
[4]. For commercial scale production (over 20 ha),
to measure of the volume of individual trees leads to
loss of time and needs too much labor. There are
many electronic devices and methods to eliminate
this problem. These methods can be defined as geometric calculation, prototype sprayer, ultrasonic, laser, infrared and image processing methods and
these are able to use in automation systems for easy
calculate of tree volume [4, 5, 6, 7, 8, 9]. Although
there are many methods to calculate of tree volume,
by the way there are limited reports related to comparison studies, which one can be used more effectively to calculate of tree volume. So in this investigation, Arduino based Ultrasonic Sensor and Image

ABSTRACT
This study was conducted to determine comparision effectiveness of Arduino based Ultrasonic
Sensor and Image analysis techniques for canopy
volume measurements in different kinds of Citrus
(Mandarin, Orange, Lemon, and Grapefruit) trees. In
this investigation, the parameter measurements were
taken on 15 different trees of each citrus species,
where grown commercially produced in groves of
Yenice distinct of Mersin province in Turkey. Measured values placed in Albrigo's prolate spheroid formula and canopy volumes of each tree has been calculated by using this formula. As a result of this investigation, regression coefficients were found approximately 15% better in ultrasonic canopy volume
measurements than image processing technique canopy volume measurements. So, it was found that the
ultrasonic measurement technique is superior against
to Image Processing method for determining tree
canopy volumes. In addition, statistical analysis
showed that Ultrasonic and Image Processing measurement techniques can also be used for calculation
of tree canopy volumes and the tree canopy volume
index safely too.

KEYWORDS:
Citrus Canopy Volume, Arduino, Ultrasonic Sensor, Image Analysis, Precision Agriculture

INTRODUCTION
Citrus is the most common grown and consumed fruit such as Orange, Lemon, Mandarin and
Grapefruit in the world. These fruits are used as
food, the shells of the fruits, leaves; and flowers are
used as raw materials in essential oil and perfume
production. About 9.7 million KHFWDUHV¶ area, 136
million tons of citrus fruits are produced in worldwide. The proportion of Orange is 53 % of total production, Mandarin, Lemon and Grapefruit proportions are 21 %, 11 % and 6 %, respectively. China,
Brazil, and the US are first three counties in the
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Analysis techniques were selected to compare the effectiveness on canopy volume measurements in different species of citrus trees.

(a)

(b)
FIGURE 2
Schematic view of tree with dimensions which is
used to compute canopy volumes inAlbrigo's
Prolate Spheroid formula.

(c)

(d)

FIGURE 1
(a) Mandarin, (b) Orange, (c) Lemmon, (d)
Grapefruit gardens used in study.
FIGURE 3
The designed gauges which used for determinaWLRQRIFLWUXVWUHH¶VFDQRS\YROXPH

TABLE 1
Experimental area properties.
Experime
ntal area
properties
Orchard
area (ha)
Age
of
tree (year)
Sowing
(m)
Soil
properties
Height
(minmax) (m)
Diameter
(minmax) (m)

Orange

Mandarin

Lemon

Grape
fruit

4.2

3.5

5.5

2.5

6

7

5

6

6x6

6x5

7x5

7x5

Humus

Clayhumus
2.31-3.04

Clay

Clay

1.952.40

2.073.30

1.88-2.47

2.753.84

2.182.76

1.982.76
2.062.98

Manual Tree Volume Measurement and
Computation. Manual measurement. Four different kinds of citrus trees have been evaluated for canopies of citrus trees. The dimensions of the tree canopy measurements can be seen in Figure 2. Measurements have been taken with wood material two eigen
bars which have two axes perpendicular to each
other. These bars used as a canopy parameters gauge
at the measurements for trees. First of all, height and
lengths of trees have been measured with the help of
designated gauges. Then these ranges were determined with a tape measure (Fig. 3). These measured
values, then placed in Albrigo's Prolate Spheroid formula (1) and canopy volumes of each tree has been
calculated by using this formula. Computer used in
the study has an 11-inch monitor, Pentium i5 1.2
GHz processor, 4 GB RAM and Intel Graphics 6000
video card.

MATERIALS AND METHODS
Materials. Citrus fruits are grown between 40
degrees south latitude to 40 degrees north latitude in
the World. The research was conducted in citrus
groves in the Yenice distinct of Mersin province in
7XUNH\ *36 FRRUGLQDWHV RI WKH RUFKDUGV Û މ
 ފ1 Û )  ( ފ މLJ   ,Q WKH VWXG\
four different kinds of citrus trees have been evaluated. These kinds of citrus trees are Mandarin, Orange, Lemon, and Grapefruit. Fifteen trees have been
evaluated for each kinds of citrus tree. Totally sixty
trees were used for evaluations. The citrus trees had
been chosen randomly. The average diameter of the
trees has been measured 2.24 m in Mandarin, 2.56 m
in Orange, 3.21 m at lemon and 2.48 m at grapefruit.
As the average values with height has been measured
as 2.73 m; 2.50 m; 2.23 m and 2.69 m respectively.
Average age of trees are 6 at orange, 7 at mandarin,
5 at lemon and 6 at grapefruit. The properties of four
different orchards are given in Table.1.

ࡼࡿࢂ ൌ 

࣊Ǥ ࡰ ሺࡴࢀ െ ࡴ ሻ
Ǥ ൭
 ሺࡴ െ ࡴࡿ ሻ൱



Albrigo et al. [16]

(1)

Where;
PS CV = Canopy volume (m 3),
H T = Overall canopy height above ground level
(m),
D 1 = Canopy diameter parallel to the row (m),
H C = Height to the point of maximum canopy
diameter (m),
H S = Height from ground to canopy skirt (m)
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Bluetooth system with CMOS technology and
with AFH (Adaptive Frequency Hopping Feature). It
has the footprint as small as 12.7 x 27 mm.
Ultrasonic measurement unit positioned over 4
m-long bars then this bar was connected to a tractor
by three-point strap system with a special roof. The
ultrasonic measurement unit which is connected
three-point strap system has been set for the sliding
horizontal and vertical planes. Measurements were
done by using a mobile device in low speed range
(approximately 1-1.5 m/s) of the tractor (Fig. 5). At
ultrasonic measurement unit, an ultrasonic sensor
HC-SR04, which has 15o angle, 15 mA current, 40
Hz working speed and 4 m measurement distance, an
HC-05 Bluetooth module with 10 m maximum connect range, an external power supply 9 V placed on
the Arduino development board. The Arduino Development Board placed inside a Plexiglas box for
protection from negative effects which may arise environmental and terrain provided activities. Also, a
compact structure provided for developed ultrasonic
measurement unit for stability. The HC-SR04 ultrasonic sensor has one ultrasonic sound source and a
receiver. The distance determination has been done
by measuring the sound reflects from the target zone
depending on the duration time. Electrical parameters of HC-SR04 Ultrasonic Sensor can be seen in
Table 2. HC-05 Bluetooth module has been used for
the purpose of independent, secure, and fast way for
wireless data transfer. This wireless data transfer
type is effective during the study.

Arduino based Ultrasonic Sensor tree volume measurement and computation. The electronic measurement system has three main components (Fig. 4). These are Arduino UNO R3 Development Board, HC-SR04 Ultrasonic ranging sensor
and HC-05 Bluetooth module. The system powered
by a 9 V battery. All parts are compacted by using a
Plexiglas cover. It also protects the development
board from any environmental effects while using
the system for citrus tree measurements in field. The
Arduino UNO R3 is an ATmega328 microcontroller
based board. It has 14 digital input and output pins.
Six of them can be used for PWM outputs. It also has
six analog inputs, a USB connection for PC, a power
jack for external power, an ICSP header and a reset
button. It supports whatever we needed as a microcontroller; it is simply connected to a computer by
using a USB cable. At the same time, it is possible to
power it with an AC to DC adapter or a battery.

FIGURE 4
Developed Arduino based ultrasonic measurement system and wiring diagram.

TABLE 2
Electrical parameters of HC-SR04
Ultrasonic Sensor
Electric Parameter
Working Voltage
Working Current
Working Frequency
Max Range
Min Range
Measuring Angle
Trigger Input Signal
Echo Output Signal
Dimension

DC 5 V
15mA
40Hz
4m
2cm
15 degrees
lOuSTTL pulse
Input TTL lever signal and the range
in proportion
45*20* 15 mm

Arduino-based development environment powered by a 9 V supply which normally needs the minimum 5V power (voltage). In the study, a 9 V battery
used to get data in a period of two days. The needed
codes for Atmega328 microcontroller which has
placed in the Arduino development environment, uploaded by using the Arduino IDE with USB interface
and data submission is set to be 1 data per each second. Study of accuracy was tested indoor environment (lab) with pre-trials and gave the same results
with manual measurement. An average of 60 measurements was recorded as taken data. Tree measurements took 5 minutes time on average with the developed mechanism for measuring canopy parameters on citrus trees. Canopy measurement parameters

FIGURE 5
Ultrasonic measurement system.
Ultrasonic ranging module HC-SR04 provides
2 - 400 cm non-contact measurement, the ranging accuracy can reach to 3 mm. The modules include ultrasonic transmitters, receiver, and a control circuit.
The HCͲ05 module is easy to use as Bluetooth SPP
(Serial Port Protocol) module, designed for transparent wireless serial connection setup. Serial port,
Bluetooth module is fully qualified Bluetooth V2.
0+EDR (Enhanced Data Rate) 3 Mbps Modulation
with complete 2.4 GHz radio transceiver and baseband. It uses CSR Bluecore 04ͲExternal single chip
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image processing software (Fig. 6). This program has two steps for measurement. The first step
is calibration of the program. For this purpose, the
software needed a calibration ruler or a calibration
plate. So a graph paper was used for calibration and
testing of the software (Fig. 7). The second step is
selection of images and the measurement [17]. A bar
(50 cm) has been used as a reference for calibration
of digital images. The dimensions have been evaluated after calibration of images (Fig. 8). Myriad (v8)
image analysis software used for obtaining canopy
parameters from of the citrus trees (H T, D 1, H C, H S
specified in Figure 2). Measured values placed in Albrigo's Prolate Spheroid formula, then tree canopy
volumes (PS CV) were calculated by using these parameters.

(H T, D 1, H C, H S specified in Fig. 2). of the citrus
trees obtained and placed in Albrigo's Prolate Spheroid formula, then tree canopy volumes (PS CV) were
calculated and stored for comparison with image
analysis method.

FIGURE 6
Myriad 8 image processing software.

FIGURE 8
Calibration system sample of digital images for
measurement of citrus trees.

FIGURE 7
Graph paper test of image processing software.
Citrus tree volume measurement and computation using Image Analysis. The images have
been captured with a Nikon D300s model DSLR
camera with 18 ± 140 mm zoom lens. Width and
height values of images set as 3600 x 2400 pixels.
For the evaluation, they have stored in 300 dpi resolution with 24-bit depth, sRGB color space properties. Captured images were evaluated by Myriad (v8)

The relationships between the obtained data
were examined in the Minitab statistical program. A
regression comparison test was done to test the difference between Arduino Based Ultrasonic and Image Analysis measurement methods.

TABLE 3
The change of the measured canopy volumes with manual, ultrasonic and image
processing technique measurements at four different kind of citrus trees.
Mandarin
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Manual
Hs
0.57
0.65
0.56
0.67
0.70
0.69
0.50
0.68
0.57
0.56
0.64
0.56
0.52
0.55

Hc
0.56
0.66
0.54
0.70
0.70
0.71
0.52
0.69
0.58
0.57
0.64
0.59
0.52
0.56

D
2.15
2.24
2.36
2.34
1.88
2.47
2.13
2.09
2.04
2.35
2.42
1.97
2.44
2.25

Ht
2.67
2.63
2.82
2.64
2.31
2.83
2.71
2.71
2.84
2.82
2.58
2.72
2.64
3.04

Ultrasonic
Hs
0.56
0.66
0.54
0.70
0.70
0.71
0.52
0.69
0.58
0.57
0.64
0.59
0.52
0.56


6376

Hc
0.51
0.55
0.48
0.56
0.68
0.54
0.45
0.66
0.61
0.54
0.51
0.51
0.45
0.44

D
2.13
2.28
2.40
2.37
1.90
2.48
2.16
2.10
2.07
2.34
2.45
2.00
2.45
2.29

Ht
2.70
2.64
2.89
2.67
2.32
2.86
2.74
2.71
2.86
2.81
2.59
2.70
2.65
3.08

Image Analysis
Hs
Hc
0.51
0.56
0.55
0.66
0.48
0.54
0.56
0.70
0.68
0.70
0.54
0.71
0.45
0.52
0.66
0.69
0.61
0.58
0.54
0.57
0.51
0.64
0.51
0.59
0.45
0.52
0.44
0.56

D
1.91
1.97
2.00
2.06
1.72
2.27
1.85
1.96
1.98
2.10
2.04
1.64
2.13
1.93

Ht
2.63
2.53
2.68
2.52
2.18
2.65
2.67
2.54
2.50
2.60
2.52
2.47
2.55
2.75
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Number

Manual
Hs
0.56
0.70
0.50
0.60

Hc
0.56
0.71
0.52
0.61

D
2.40
2.47
1.88
2.24

Ht
2.97
3.04
2.31
2.73

Ultrasonic
Hs
0.56
0.71
0.52
0.61

Hc
0.45
0.68
0.44
0.53

D
2.41
2.48
1.90
2.26

Ht
2.94
3.08
2.32
2.74

Image Analysis
Hs
Hc
0.45
0.56
0.68
0.71
0.44
0.52
0.53
0.61

D
Ht
15
1.98
2.68
Max
2.27
2.75
Min
1.64
2.18
Mean
1.97
2.56
Orange
1
0.50
1.33
2.62
2.40
0.52
1.35
2.66
2.42
0.48
1.21
2.41
2.31
2
0.58
1.31
2.72
2.66
0.59
1.33
2.73
2.66
0.51
1.32
2.45
2.42
3
0.53
1.35
2.60
2.46
0.54
1.35
2.62
2.45
0.53
1.25
2.25
2.33
4
0.46
1.30
2.93
2.69
0.47
1.30
2.93
2.69
0.47
1.29
2.65
2.45
5
0.52
1.05
2.21
1.98
0.53
1.05
2.18
1.98
0.46
0.93
2.19
1.82
6
0.57
1.20
2.69
2.73
0.57
1.21
2.68
2.73
0.50
0.97
2.46
2.64
7
0.54
1.21
2.60
2.67
0.55
1.20
2.61
2.66
0.51
1.12
2.21
2.57
8
0.56
1.27
2.98
2.76
0.57
1.28
2.97
2.76
0.53
1.23
2.71
2.66
9
0.43
1.31
2.55
2.50
0.44
1.32
2.54
2.50
0.45
1.25
2.22
2.39
10
0.60
1.37
2.26
2.68
0.62
1.38
2.29
2.68
0.56
1.28
2.18
2.46
11
0.41
1.35
2.51
2.18
0.42
1.36
2.51
2.20
0.44
1.23
2.54
2.12
12
0.51
1.36
2.54
2.35
0.52
1.36
2.55
2.37
0.43
1.24
2.27
2.28
13
0.64
1.34
2.06
2.30
0.67
1.36
2.08
2.30
0.55
1.25
1.88
2.27
14
0.60
1.32
2.30
2.50
0.60
1.32
2.31
2.50
0.52
1.29
2.31
2.43
15
0.64
1.50
2.80
2.70
0.65
1.51
2.79
2.71
0.49
1.38
2.66
2.52
Max
0.64
1.50
2.98
2.76
0.67
1.51
2.97
2.76
0.56
1.38
2.71
2.66
Min
0.41
1.05
2.06
1.98
0.42
1.05
2.08
1.98
0.43
0.93
1.88
1.82
Mean
0.54
1.30
2.56
2.50
0.55
1.31
2.56
2.51
0.50
1.22
2.36
2.38
Hs, height from ground to canopy skirt Ht, overall canopy height above ground level, Hc: height of the point maximum canopy diameter D,
canopy diameter parallel to the row.
Lemon
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Max
Min
Mean

Manual
Hs
0.48
0.57
0.52
0.64
0.58
0.67
0.61
0.57
0.57
0.57
0.55
0.58
0.52
0.57
0.60
0.67
0.48
0.57

Hc
1.30
1.25
1.34
1.20
1.10
1.23
1.08
0.96
1.03
1.18
1.17
1.26
1.15
1.01
1.10
1.34
0.96
1.16

D
3.12
3.51
3.04
3.15
3.35
3.33
2.95
3.17
3.32
2.75
3.13
3.84
3.05
2.99
3.47
3.84
2.75
3.21

Ht
2.32
2.14
2.38
2.03
2.25
2.30
2.33
1.95
2.20
2.11
2.26
2.26
2.40
2.24
2.23
2.40
1.95
2.23

Ultrasonic
Hs
Hc
0.50
1.30
0.58
1.25
0.52
1.34
0.65
1.20
0.59
1.09
0.68
1.24
0.61
1.09
0.58
0.97
0.58
1.04
0.58
1.20
0.55
1.17
0.58
1.28
0.52
1.15
0.58
1.01
0.60
1.12
0.68
1.34
0.50
0.97
0.58
1.16

Grapefruit
1
0.22
1.09
2.22
2.07
0.24
1.08
2
0.23
0.92
2.18
2.50
0.22
0.90
3
0.25
1.08
2.57
2.95
0.24
1.08
4
0.23
0.88
2.62
2.13
0.22
0.89
5
0.24
1.04
2.43
2.50
0.23
1.03
6
0.21
1.18
2.64
2.74
0.22
1.19
7
0.24
1.12
2.40
2.42
0.23
1.11
8
0.22
1.21
2.55
2.91
0.21
1.21
9
0.24
1.12
2.50
3.03
0.23
1.13
10
0.23
1.17
2.31
2.72
0.22
1.17
11
0.24
1.17
2.48
2.83
0.25
1.17
12
0.24
1.18
2.76
3.30
0.25
1.18
13
0.22
1.04
2.39
2.72
0.21
1.05
14
0.25
1.00
2.61
2.62
0.24
1.02
15
0.23
1.12
2.47
2.85
0.24
1.13
Max
0.25
1.21
2.76
3.30
0.25
1.21
Min
0.21
0.88
2.18
2.07
0.21
0.89
Mean
0.23
1.09
2.48
2.69
0.23
1.09
Hs, height from ground to canopy skirt Ht, overall canopy height above ground
canopy diameter parallel to the row.
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D
3.13
3.52
3.05
3.14
3.35
3.34
2.93
3.16
3.35
2.75
3.14
3.86
3.07
3.00
3.49
3.86
2.75
3.22

Ht
2.30
2.12
2.37
2.03
2.24
2.30
2.32
1.94
2.21
2.09
2.26
2.25
2.39
2.23
2.22
2.39
1.94
2.22

Image Analysis
Hs
Hc
0.48
1.17
0.44
1.08
0.48
1.22
0.57
1.11
0.50
1.00
0.51
1.13
0.50
0.95
0.53
0.89
0.53
0.97
0.48
1.01
0.50
1.16
0.51
1.26
0.51
1.10
0.56
0.98
0.55
0.97
0.57
1.26
0.44
0.89
0.51
1.07

D
2.87
3.03
2.89
2.87
3.05
3.00
2.64
3.08
2.95
2.26
2.83
3.44
2.82
2.73
3.09
3.44
2.26
2.90

Ht
2.26
1.90
2.26
1.95
1.97
2.13
2.18
1.93
2.01
1.85
2.23
2.21
2.15
2.10
2.12
2.26
1.85
2.08

2.25
2.09
0.17
0.92
2.02
2.04
2.20
2.50
0.22
0.85
2.14
2.20
2.58
2.95
0.25
1.10
2.36
2.60
2.59
2.12
0.22
0.83
2.31
1.95
2.42
2.50
0.21
0.98
2.30
2.33
2.64
2.73
0.21
1.17
2.45
2.43
2.38
2.43
0.24
1.06
2.26
2.35
2.55
2.92
0.20
1.23
2.33
2.61
2.52
3.05
0.24
1.07
2.23
2.73
2.30
2.72
0.22
1.12
2.14
2.57
2.48
2.85
0.25
1.18
2.34
2.54
2.77
3.32
0.24
1.14
2.46
2.73
2.38
2.72
0.20
0.92
2.26
2.53
2.62
2.63
0.26
1.02
2.48
2.54
2.47
2.87
0.25
1.07
2.29
2.65
2.77
3.32
0.26
1.23
2.48
2.73
2.20
2.09
0.17
0.83
2.02
1.95
2.48
2.69
0.23
1.04
2.29
2.45
level, Hc: height of the point maximum canopy diameter D,
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TABLE 4
Canopy volumes of mandarin, orange, lemon and grapefruit trees calculated by
using Albrigo's Prolate Spheroid formula.
Tree
Mandarin
Orange
Lemon
Grapefruit
NumM
U
G
M
U
G
M
U
G
M
U
ber
5.96
5.97
4.65
8.32
8.57
6.67
11.46
11.28
9.16
5.89
6.01
1
6.14
6.34
4.78
9.47
9.52
7.27
12.31
12.16
8.55
6.50
6.64
2
7.93
8.47
5.52
8.28
8.32
5.72
10.98
11.00
9.40
10.77
10.90
3
6.78
6.89
5.30
11.91
11.84
8.78
8.67
8.54
7.11
7.99
7.85
4
3.48
3.56
2.70
4.41
4.25
4.00
11.34
11.16
8.37
8.22
8.18
5
8.06
8.14
6.71
9.37
9.32
7.52
11.08
11.09
9.09
11.00
10.92
6
6.08
6.21
4.55
8.72
8.68
6.04
8.90
8.76
6.95
7.90
7.83
7
5.49
5.49
4.39
11.87
11.75
9.53
8.28
8.13
7.84
10.84
10.92
8
5.88
6.08
4.64
8.54
8.44
6.04
10.73
10.92
7.74
10.56
10.87
9
7.80
7.65
5.63
6.59
6.70
5.62
7.30
7.20
4.37
8.27
8.24
10
6.91
7.13
5.13
7.39
7.42
7.01
10.36
10.42
8.63
9.83
9.85
11
5.08
5.11
3.23
7.65
7.72
6.08
15.59
15.75
12.85
14.07
14.19
12
7.84
7.92
5.91
4.46
4.47
3.83
10.69
10.78
8.05
8.70
8.69
13
7.58
7.93
5.21
6.26
6.31
6.41
8.84
8.78
6.83
10.64
9.99
14
8.50
8.48
5.38
10.22
10.14
9.16
11.85
11.98
8.89
9.79
9.82
15
8.50
8.48
6.71
11.91
11.84
9.53
15.59
15.75
12.85
14.07
14.19
Max
3.48
3.56
2.70
4.41
4.25
3.83
7.30
7.20
4.37
5.89
6.01
Min
M: Prolate spheroid canopy volume formula U: Ultrasonic canopy measurement G: Image analysis canopy measurement.

G
4.79
5.50
8.09
5.68
6.93
8.48
6.74
8.31
7.56
6.71
7.89
9.31
7.19
8.56
7.71
9.31
4.79

    








RESULTS

  

 

Table 3. shows manual, ultrasonic and image
processing canopy volume measurements belong to
the four different kinds of citrus tree. The average
diameter of the trees has been measured as 2.24 m
on Mandarin, 2.56 m on Orange, 3.21 m on Lemon
and 2.48 m on Grapefruit. The average values with
height have been measured as 2.73 m, 2.50 m, 2.23
m and 2.69 m, respectively.
Measured values obtained from three different
measurement ways placed in Albrigo's Prolate
Spheroid formula then tree canopy volumes (PS CV)
were calculated and also presented in Table 4. As
shown in the table, while the actual canopy volume
average of Mandarin 6.56 m3LW¶VPHDVXUHG6.67 m3
by using Ultrasonic Measurement technique and
4.89 m3 by using Image Processing method. These
values calculated on Orange, Lemon, and Grapefruit
as 6.56 ± 6.67 ± 4.89 / 8.46 ± 8.46 ± 6.83 / 10.66 ±
10.64 ± 8.30 / 9.47 ± 9.48 ± 7.27 m3 respectively.
Research values of the four different kinds of citrus
tree canopy volumes which are calculated with Image Analysis technique show lower level while ultrasonic measurement technique has similarity with
the real canopy volume of citrus trees which. The
difference in volume values of Ultrasonic and Image
Processing technique measurements can be related
to a different characteristic of the land surface. In
gardens, it is not possible to obtain a flat surface on
the ground. For this reason, ultrasonic measurement
correlation and regression values show little deviation from real dimensions. Ultrasonic measurement
and image processing technique canopy volume values with the real measurement values regression and
correlation coefficients given in Figure 9 - 12. As
shown in the figure, the coefficient of regression between the actual volume and ultrasonic measurement

 













 

 

 

 







  
 
 









 









 
      



  




 









 

FIGURE 9
Mandarin tree canopy volume regression graphs
with estimation formula.
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values is 98.6% on Mandarin, 99.8 % on Orange,
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FIGURE 10
Orange tree canopy volume regression graphs with estimation formula.
  

     

  







 



 

 






































 

 

     


 







 
  
  
















 

FIGURE 11
Lemon tree canopy volume regression graphs with estimation formula
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FIGURE 12
Grapefruit tree canopy volume regression graphs with estimation formula.

Similarly, Kataoka et al. [10] worked on the performance of ultrasonic and laser sensors for crop height
measurement. Height measurement of ultrasonic
sensors gave the best results for soybeans and corn
measurements. In addition, Whitney et al. [11]
worked on ultrasonic sensor response at the citrus
canopy. Also use the sensors for canopy volume determination on citrus. Whitney et al. [11] were measured volumes of 60 trees with ultrasonic and manually methods. The coefficient of correlations between ultrasonic and manually measurement of citrus canopy volumes changed between 0.90 - 0.96.
Root mean square errors (RMSEs) for the regressions also changed between 1.67 - 2.64 m3 treeí.
Also, Solanelles et al. [12] studied on a conventional
sprayer which has two solenoid valve controller ultrasonic sensor on it for the application of canopy
volume on olive and pear orchards. The system save
65 and 30% spray liquid on orchards. Li et al. [13]
and Zaman & Salyani [14] studied on DGPS based
real-time tree canopy mapping system using spreadsheet post-processing. They get coordinates and ultrasonic ranging data then they put them together for
the real time evaluation of canopy sizes. Also, Beyaz
et al. [15] in his research, compared two methods
(real tree measurements and captured image measurements) for estimating canopy volumes at apple
and peach trees. They found that image measurements can provide good estimation of canopy volumes with the highest regression (r = 95.6 % at apple
tree volumes, 96.6 % at peach tree volumes). When
we compare our image analysis results (R2= 83.4 -

99.0 % on Grapefruit. The coefficient of regression
between the actual volume and image processing
measurement values are 83.9 / 83.4 / 83.7 and 89.3,
respectively.

DISCUSSION
The measurements of canopy volumes are an
important factor in the application of chemicals and
yield estimation [2]. However, determine rapid,
easy, quick and effective method is an important
point. The methods (ultrasonic, laser, image analysis) has importance for chemical applications (as a
pesticide, herbicide, insecticide etc.) on trees also the
canopy volumes can be use of yield estimation. So,
these measurement of canopy of trees is an important
issue for precision farming. In this study, two methods (Arduino based Ultrasonic Sensors and Image
Analysis) were discussed to in term of effectiveness
in measurements of canopy volumes of trees belong
to four different kinds of citrus trees. Our results indicate that ultrasonic measurements more effective
(R2= 98.6 - 99.8 %) than image analysis (R2= 83.4 89.3%) to calculate canopy volume of different citrus trees. Tumbo et al. [4] reported that coefficient
of regression value between laser measurement and
UHDOYROXPHPHDVXUHPHQWYDOXH  LW¶VPRUHHI
fective on ultrasonic method (90%) to measure canopy volume of different citrus trees. This study supports our results with the canopy volume values calculated from ultrasonic measurement technique.
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[14] Zaman, Q.U., Salyani, M. (2004) Effects of foliage density and ground speed on ultrasonic
measurements of tree volume. Appl. Eng.
Agric., 20 (2):173±178.
[15] Beyaz A., Ozguven, M.M., Ozturk, R., Acar,
A.I., Turker, U. (2009) Image Analyze Technique for Measurements of Apple and Peach
Tree Canopy Volume. Energy Efficiency and
Agricultural Engineering Fourth International
Scientific Conferance, Rousse/ Bulgaria - (0103.10.2009), 22 - 30 p., ISSN 1311 - 9974.
[16] Albrigo, L.G., Anderson, C.A. and Edwards,
*-  <LHOGHVWLPDWLRQRI³9DOHQFLD´RU
ange research plots and groves. Proc. Fla. State
Hort. Soc., 88: 44-49.
[17] Beyaz, A. (2009) Determining of mechanical
damage on apples by using image analyze technique. Master Thesis Ankara University, Agriculture Faculty, Department of Agricultural Machinery.

89.3%) to calculate canopy volume of different citrus trees, their results more effective at young apple
and peach trees. The result differences originated
from trees age and species of trees.

CONCLUSIONS
In present study, comparison of actual, ultrasonic and image processing technique measurement
of canopy volumes of Mandarin, Orange, Lemon,
and Grapefruit trees has been done. For statistical
analysis between Ultrasonic measurement technology and real volume measurements coefficient of regression values have been calculated between the
98.6 - 99.8 %, for the image-processing techniques
these values changes among 83.4 - 89.3%. The regression coefficient between the actual canopy volumes and ultrasonic measurement canopy volumes,
approximately 15% better than image processing
technique canopy volume measurements, statistically. So, it is determined that the ultrasonic measurement technique is superior against to Image Processing technique for determining the value of tree
canopy volumes.
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THE CHEMICAL COMPOSITION OF ASH FROM THE
PLANT BIOMASS IN TERMS OF INDICATORS TO ASSESS
SLAGGING AND POLLUTION OF SURFACE HEATING
EQUIPMENT
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with a preliminary degassing chamber. [5-6]
In these devices, combustion of biomass takes
place in the flame temperature up to 900 °C during
combustion and below 400 °C during pellets glowing. Most of the low-power heating equipment for
domestic use, are supplied with the fuel portions and
they do not have any water jacket, which results in
low yields and high emissions, also due to the low
flame temperatures. Furthermore, air for combustion
is often used to control the heat output. This type of
combustion process leads to the uncontrolled emissions of many hazardous products of incomplete
combustion, such as carbon monoxide (CO), volatile
RUJDQLFFRPSRXQGV 92&¶V DQGWDUV. [7]
Hamala and Róg [8] reported that burning the
coal in industrial power boilers reveals a complex of
physical and chemical processes resulting in producing the ash with different properties from the mineral
substance. They differ in chemical composition,
thermal resistance, and a tendency to form slag and
deposits on the heating surfaces. This problem is particularly noticeable when combusting the biomass
fuels, [9-13] for which lower ash melting temperatures are observed (sintering T S, softening TA, melting point TB, and pour point TC). This parameter is
quoted quite often as a characteristic in the evaluation of ash slagging during fuels combustion. [3, 8,
10] As in the case of coal, also for solid biofuels, the
ash melting point and their susceptibility to contaminate the heating surfaces is significantly affected by
the chemical composition of mineral substances, presented as a percentage of the following oxides: silica
(SiO2), alumina (Al2O3), hematite (Fe2O3), manganese (Mn3O4), rutile (TiO2), calcium (CaO), magnesium (MgO), sulfur trioxide (SO3), phosphorus pentoxide (P2O5), sodium (Na2O), potassium (K2O), barium (BaO), strontium (SrO), as well as chlorines (Cl)
and carbonate (CO2); [8] nevertheless the literature
lacks data on the composition of ash taking into account the species diversity of the biomass and other
wastes from agriculture and forestry. Kowalczyk-XĞNR, [10] DIWHU ĝFLąĪNR HW DO, [14] reported that
characteristic melting temperature of coal or biomass
determined

ABSTRACT
The study analyzed the quantity and chemical
composition of ash yield in the biomass of cereal
straw, hay, sawdust, and oil cake in a view of its slagging and contaminating the heating surfaces of
power boilers, using appropriate indicators and tests.
Under test conditions, the ash content in studied
plant biomass varied between species within the
range from less than 0.7% to 7%, but in comparison
to the average values obtained for other plant materials, they did not deviate from these levels. The indicators used slagging gave differing indications.
Completed tests sintering ashes analyzed showed
progressive with increasing temperature the formation of agglomerates. Indicator (B/A) showed the
greatest similarity to the result of ash annealing at
850 °C.

KEYWORDS:
ash characteristic, biomass ash, sinterability indicators

INTRODUCTION
The use of energy plant biomass, along with a
great interest, brings many operational problems. On
the market for biofuels, a client is looking for a durable and clean fuel with high calorific value, [1] as
well as little harmful for heating devices and making
a little problems as possible during its daily exploitation.
Solid biofuels should be characterized by physicochemical properties versus technical and operational parameters of heating devices, in which are
combusted. [2-4] In residential construction industry, individual heat sources are most frequently used.
These are namely boilers and furnaces of low power,
which characterized by manually, periodic fuel supply, lack of stringent fuel quality requirements, as
well as low energy efficiency (65-75%) and high
emission levels, except from boilers with air distribution into primary and secondary, as well as boilers
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TABLE 1
Indicators slagging and fouling of the heating surfaces of boilers.
Name of indicator
Iron calcium ratio (IC)
Fluxing and sintering
oxides ratio (SI)
Slag viscosity index
(SR)
Basic oxides to acid oxides ratio (B/A)
Fouling index (Fu)

Formula
IC =
SI =

Range slagging and fouling
IC < 0.3 and IC > 3.0 low;
0.3 < IC < 3.0 high
SI < 0.75 and SI > 2.0 low;
0.75 < SI < 2.0 high and severe
SR >72 low; 72 > SR > 65 medium;
SR < 65 high and severe
B/A < 0.5 low; 0.5 < B/A < 1.0 medium and high;
B/A > 1.0 severe
Fu < 0.6 low; 0.6 < Fu < 40 medium and high; Fu
> 40 severe
BAI > 0.15 low;
BAI < 0.15 high
Rs < 0.6 low; 0.6 < Rs < 2.0 medium;
2.0 < Rs < 2.6 high; Rs > 2.6 severe
SA < 1.87 low; 1.87 < SA < 2.65 medium and high;
SA > 2.65 severe
0.17 <Al <0.34 low; Al > 0.34 high

ிమ ைయ
ை

ைାெைାேమ ைାమ ைାிమ ைయ ାమ ைఱ

SR =

ௌைమ ାమ ைయ ା்ைమ
ௌைమ
ௌைమ ାிమ ைయ ାைାெை

B/A =

·100

ிమ ைయ ାைାெைାమ ைାேమ ை
ௌைమ ା்ைమ ାమ ைయ

Fu = B/A·(Na2O+K2O)

Bed aglomeration index
(BAI)
Slagging index (Rs)

BAI =

Silica oxides to alumina
oxides ratio (SA)
Alkali index (Al)

SA =

ிమ ைయ
మ ைାேమ ை

Rs = B/A·ܵ௧ௗ
ௌைమ
మ ைయ

Al =Na2O+K2O

Source
14, 15

15, 16

8, 15, 17

15, 18, 20

8, 15, 19

12, 15

8, 19

13, 15

19

observing changes in the samples in a view of particles sintering and adhesion to the crucible walls; the
changes were photographed.
Using the results of tests, calculations and assessment of slagging and fouling the heating surfaces
of boilers indicators, were carried out according to
the algorithm given in Table 1.
These algorithms mainly are based on the content in the ashes: CaO, SiO2, TiO2, Al2O3, Fe2O3,
K2O, Na2O. These are chemical compounds whose
melting point is between: 740 (K2O)  2572 ºC
(CaO). [29]

on a laboratory scale do not provide sufficient information about the potential slagging danger of heating
surfaces of heating equipment. Therefore, to assess
slagging and fouling the heating surfaces of boilers,
indicators based on the chemical composition of ash
are very suitable. [8, 15-24]
The aim of the study was to determine the
amount and chemical composition of the ash yield in
the biomass from cereal straw, hay, sawdust, and oil
cake, as well as an assessment of their slagging and
contaminating the heating surfaces of energy boilers
on the basis of accepted indicators for the determination of this parameter for coals. Also assessed the
usefulness of these indicators with ashes from biomass.

RESULTS
Table 2 shows the results of determinations.
The study indicated that the highest ash content (over
6%) was revealed by corn and buckwheat straw, as
well as oil cake. Triticale, grain blend, wheat, oat
straw, and hay contained less than 5% ash. Other raw
materials such as rye straw and sawdust, contained
less than 2% ash with a minimum for the birch sawdust  less than 0.7% (Table 2).
Chemical composition of ash for the raw materials in question varied (Table 2). Particularly high
content of silica (SiO2) at a level greater than 50%
was found in ash from pine sawdust, rye, corn and
cereal blend straw. Other raw materials contained the
silica in the range from slightly more than 3% (oil
cake) up to 49.1% (birch sawdust) (Table 2).
The slagging and heating surfaces fouling indicators calculated for tested materials of plant origin
were significantly different (Table 3). The IC and SI
indicators determined for the test plant biomass varied accordingly in the range from 0.02 to 0.23 and
from 0.30 to 26.83 and showed low tendency to slagging and fouling the heating surface of boilers for all
raw materials (Table 3).

MATERIAL AND METHODS
The study involved rape, triticale, rye, grain
blend, wheat, oat, corn, and buckwheat straw, as well
as hay, pine and birch sawdust, and oil cake. These
raw materials (in the amount of about 250 kg) were
obtained from farms (straw and hay), and processing
companies (sawdust and oil cake), located in Lublin
province. For each sample of acquired biomass, following items were determined:
± dry ash content ܣௗ according to PN-EN
14775:2010; [25]
± Total dry sulfur content ܵ௧ௗ ± using automatic IR analyzer according to PN-G-04584:2001;
[26]
± ash chemical composition by means of
plasma spectrometry using Thermo iCAP 6500 Duo
ICP device;
± chlorides content applying titrimetric
method according to PN-EN 196-2:2006; [27]
± carbonates
content
according
to
IB_TL_08_07:2011 from 08.04.2011. [28]
The ash was heated for 60 minutes in a laboratory furnace at temperatures of 550, 850 and 1050 °C
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TABLE 2
Chemical composition of ash from energy crops.
The raw
material
Rape straw
Triticale
straw
Rye straw
Mix cereal
straw
Wheat straw
Oat straw
Corn straw
Buckwheat
straw
Hay
Pine sawdust
Birch
sawdust
Oil cake

Ash
2.62

S SiO2
0.22 5.05

P2O5
5.02

Chemical composition (%)
K2O CaO MgO Na2O SO3 Fe2O3 Al2O3 Mn3O4 BaO TiO2 SrO Cl CO2
13.2 36.9 2.1
1.05 7.49 0.67 0.83
0.08 0.05 0.05 0.11 0.53 26.1

4.19

0.12

5.87

28.8 13.2

1.66

1.01

4.68

0.65

0.98

0.08

0.06 0.09 0.05 1.43 3.74

1.88

0.07 52.2

5.11

14.7 10.3

3.25

0.72

2.19

1.34

4.82

0.14

0.07 0.29 0.04 0.38 4.12

5.81

37

3.1

0.06 54.6

19.3 8.68

3.13

1.8

2.46

0.76

1.17

0.23

0.07

3.38
3.38
6.70

0.12 41.8 6.36 24 12.4
0.12 28.9 17.42 25 10.8
0.12 58
3.72 17.8 5.84

5.49
5.07
1.68

0.57
0.18
0.32

2.75
4.97
1.56

0.72
0.34
1.27

1.03
0.22
2.3

0.19
0.1
0.09

0.08 0.09 0.04 0.64 3.81
0.01 0.02 0.03 3.07 3.2
0.02 0.22 0.02 1.81 5.27

6.28

0.13 11.8

9.16

33.6 16.5

4.7

0.33

3.33

0.61

0.77

0.07

0.04 0.06 0.05 1.92 16.6

4.35
1.36

0.1 43.2
0.01 62

8.42
1.03

21.5 11.2
3
10.8

4.81
1.48

0.51
0.94

2.8
1.34

0.76
2.44

1.21
3.44

0.26
0.56

0.05 0.12 0.06 1.29 3.04
0.07 0.22 0.03 0.3 12.2

0.69

0.01 49.1

2.62

6.51 17.9

2.69

0.57

1.95

0.96

2.89

2.37

0.17 0.25 0.05 0.24 11.6

6.53

0.7

38.9

17.5 17.4

14.5

0.11

3.94

0.39

0.25

0.15

0.01 0.02 0.03 0.11 3.52

3.04

0.1

0.04 0.39 1.35

TABLE 3
Results of indicators slagging and deposition of pollutants on surfaces of heating boilers.
Indicators slagging and deposition of pollutants on surfaces of heating boilers
IC
SI
SR
B/A
Fu
BAI
Rs
SA
Al
Rape straw
0.02
9.94
2.00
0.36
0.05
11.29
9.09
129.57
6.08
Triticale straw
0.05
1.34
70.46
35.49
0.14
0.02
1.19
37.76
1.21
Rye straw
0.13
0.62
77.81
0.53
8.16
0.04
0.28
0.09
10.83
Mix cereal straw
0.09
0.71
81.29
0.60
12.72
0.04
0.04
46.67
0.63
Wheat straw
0.06
1.15
69.19
24.72
0.12
0.03
1.01
40.58
0.80
Oat straw
0.03
2.02
35.77
0.17
0.82
0.01
64.07
1.42
131.36
Corn straw
0.22
0.51
86.84
0.44
8.06
0.05
0.01
0.07
25.22
Buckwheat straw
0.04
5.14
0.57
0.02
35.11
4.41
149.74
15.32
2.06
Hay
0.07
1.06
72.04
0.87
19.17
0.09
0.03
35.70
0.93
Pine sawdust
0.23
0.30
80.81
0.28
1.12
0.62
0.003
0.05
18.02
Birch sawdust
0.05
0.60
69.50
0.55
3.88
0.01
0.05
0.14
16.99
Oil cake
0.02
26.83
0.02
8.60
15.08
265.48
10.55
12.16
1.11
Relationship: low ± values typed in typical font, medium ± values in italics, high ± the value stored in bold print, severe ± the values
stored in bold print and italics
Raw material

biomass types (Table 3).
The slagging base indicator B/A also showed
variable characteristics. Values of this parameter
ranged from 0.28 to 15.08. Therefore, the vast majority of ash types had an average and very high susceptibility to slagging. Only the ash from pine sawdust, according to this indicator, revealed low susceptibility to slagging.
Other indicators such as Fu, BAI and SA (with
few exceptions) properly classified the biomass ash
as an moderately, quite, and highly susceptible to
slagging and fouling of boilers heating surfaces (Table 3).
The structural changes of generated ashes vs.
temperatures they were heated, are presented in Table 4 and Figure 1.
After heating at 550 °C, ashes from all tested
raw materials showed no sign of slagging or sticking
to the walls of the vessel. At 850 °C, ashes from most
of the raw materials had normal consistency, but
with visible grains and pellets stuck to the walls of
the crucible. Only ashes from oat and rye straw were
in the form of slag, while ash from sawdust and

Similar results were shown by Rs indicator determined for the test materials, which usually changed
within the range from 0.003 to 0.57. Only for the
rape straw, it amounted to 2, and for oil cake 10.55,
which classified those biofuels respectively as moderately and highly susceptible to slagging. The slag
viscosity index SR for the discussed ashes varied
over a wide range from 8.60 up to 86.84. According
to this indicator, ashes from rye, cereal blend, corn
straw, hay, and pine sawdust were characterized by
low slag viscosity. The average viscosity characterized ash from triticale and wheat straw and birch
sawdust. Other raw materials (rapeseed, oat, buckwheat straw and oil cake) were characterized by a
very high susceptibility to slag sintering. A variability similar to that described for SR was recorded for
alkalinity Al indicator, values of which ranged from
0.01 to 2.06. According to the classification assigned, tested ashes from rye and corn straw and
wood sawdust were characterized by low alkalinity
and susceptibility to contamination of heating surfaces of heating equipment. Moderate alkalinity referred to ashes from rape and oat straw, and very
large value of this indicator  ash from the remaining
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the percentage of SiO2 and Al2O3, i.e. oxides reducing the adverse characteristics of ash deposition on
the heating units, equals in coal ash 79.46% in total,
22.49% in willow ash, and 34.1% in beech chips.
ĝFLąĪNR HW DO [14] indicated considerably higher
content of acidic compounds in ash produced from
hard coal (sum of SiO2 and Al2O3 was 79.7%) as
compared to ash from wood (16.9%), straw (50.3%),
sewage sludge (31.4%), and animal-origin powder
(5.96%). In our study, the content of alkaline oxides
varied, namely, the CaO was much lower, K2O besides sawdust, greater, and P2O5 comparable but
much lower for the sawdust and for the oat straw and
the oil cake greater than that for willow described in
the study. In the case of acidic oxides, larger differences existed between tested biomass types than for
coal and other biomass fuels. There are fuels ranging
from less than 40% to 60% of these oxides contents,
which include triticale, rye, cereal blend, wheat, corn
straw, hay, and sawdust. Other raw materials such as
rape, triticale, oat, buckwheat straw and oil cake,
have the acidic oxides contents at the level from
more than 3% (oil cake) to less than 30% (oat straw).
Percentage of these compounds from the former
group is comparable WRGDWDUHSRUWHGE\ĝFLąĪNRHW
al. [14] for straw, while from the latter group ± much
lower.
It was observed in our study as well as in the
research by Hamala and Róg [8] that with increasing
the SiO2 content in the ash, a reduction in the SR indicator as the most representative for the biomass,
occurred. Biofuels, in which the SiO2 content in ash
was greater than 50% (Tables 2 and 3) were characterized by a low tendency to slagging. At the same
time, with an increase in the share of SiO2 in the ash,
the Fu indicator decreased along with the tendency
of biomass for fouling (Table 3). Definitely high tendency to develop deposits on the heating surfaces of
boilers was observed in the case of biofuels, in which
the share of K2O, CaO, and MgO in ash exceeded
50%; they were the ashes from rape and buckwheat
straw, as well as oil cake.
When comparing the indicators of ash sintering
to the observations, numerous discrepancies were
found. The most misleading ones relate to the oil
cake ash. Most of indicators pointed to a significant
sintering of such ash, which has not been observed
during tests of its heating. A similar relationship was
recorded for ash from buckwheat straw. Only for
ashes from sawdust, considered indicators corresponded to observations during its heating. During
assessing the indicators in question it should be remembered that they were developed primarily for
coal types that are combusted at high temperatures
[3]. Biomass combustion is carried out at a temperature lower than for coals, therefore the indicators of
slagging and contamination deposition on the heating surfaces of boilers should have a scale adapted to
the biomass fuels and their combustion temperatures.

buckwheat straw showed no changes in the considered characteristics. After heating at 1050 °C, only
ashes from sawdust, buckwheat straw and oil cake
showed no signs of sintering, while others have been
merged (Table 4, Figure 1).
TABLE 4
Changing the structure of the resulting ashes in
relation to the temperature at which they were
annealed.
Raw material

Changing the structure of
samples for the annealing
temperature
550
ºC
850 ºC 1050 ºC

u


u

u

u


u


u

u


u


u

u
u

Rape straw
Triticale straw
Rye straw
Mix cereal straw
Wheat straw
Oat straw
Corn straw
Buckwheat straw
Hay
Pine sawdust
Birch sawdust
Oil cake
Legend:
 - ash loose, non-stick into the crucible with visible carbon particles
u - ash loose with visible grains glued to the walls of the
crucible
- visible sinter ash glued to the walls of the crucible

DISCUSSION
Under the test conditions, the ash content in the
tested plant biomass varied between species under
consideration, however, compared to the average
values obtained for other plant materials, it did not
differ from these values. [12] Grzybek et al. [30] reported that coal contains 12% ash, cereal straw 3-4%,
while wooden chips ± even less, ranging from 0.6 to
 1LHG]LyáND DQG Zuchniarz [31] found that
combustion of a pure biomass produces slight
amounts of ash estimated for 0.5-12.5% and its
higher contents are the evidence of the raw material
contamination.
However, in addition to the amount of ash in
the biomass, primarily its chemical composition is
important. In the literature, data can be obtained on
the chemical composition of ash in the main groups
of biomass fuels in combination with coal or lignite.
Wasilewski [32] summarizes the composition of ash
produced during coal combustion and willow and
beech dendro-mass. In the case of coal, the alkali oxides contents in the ash are low amounting to: 2.66%
CaO, 2.98% K2O; 0.89% P2O5, while these contents
in willow ash amounts respectively to: 44.5%, 8.51%
and 5.9%, and in the case of beech chips, the values
are as follows: 29.6%, 10.27%, and 2.68%. In turn,
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A

B

C

a)

b)

c)
FIGURE 1
Photographs characteristic of ash samples from rape straw (column A), oats (B) and pine sawdust
(C) of heated at: a row a) 550 ºC, b) 850 ºC, c) 1050 ºC.

which in its definition includes the product of the
slagging base indicator (B/A) characterized by the
wide range of the constituent elements and the ash
alkalinity indicator. Other indicators used for analysis the ashes from tested plant biomass showed little
variation between types of these raw materials pointing to their moderate and high susceptibility to cause
difficulties in the operation of heating equipment.

CONCLUSIONS
Achieved results allowed to formulate the following observations and conclusions:
1. Under test conditions, the ash content in
studied plant biomass varied between species within
the range from less than 0.7% to 7%, but in comparison to the average values obtained for other plant
materials, they did not deviate from these levels.
2. The ash from plant biomass containing
more than 50% of silica, as indicated by the SR indicator, revealed low tendency to slagging. As lowering the content of SiO2 in considered ashes, an increase in the share of CaO, MgO, K2O, and P2O5 was
observed, thereby according to remaining indicators,
their tendency to slagging and contaminating the
heating surfaces of boilers increased.
3. As compared to the ash from biomass,
greatest diversity of the slag viscosity indicator (SR)
was recorded. Another characteristic and important
measure is an indicator expressing the susceptibility
of the biomass to fouling the heating surfaces (Fu),
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value-added triterpenic acids and phenolic compounds [2]. The volatile oils of the leaves of this genus rich in 1,8-Cineole are exploited commercially
for industrial use [3]. Different parts of Eucalyptus
extracts have been used as natural food and in cosmetic production [4, 5], and have also been used as
folk medicine therapies for the treatment of several
infectious ailments such as influenza, pulmonary tuberculosis, diabetes and fungal infections [4, 6, 7].
Researchers reported that the Eucalyptus species
showed antibacterial, antimicrobial, antioxidant, analgesic, anti-inflammatory, antithrombotic and even
anticarcinogenic, anti-HIV-1 and anti-mosquito
properties [2, 8-12].
Eucalyptus globulus Labill. is acknowledged
for its richness in bioactive compounds like flavonoids, phenolic acids, hydrolysable tannins and essential oils [4, 13-15]. The essential oils of E. globulus contain more than 20 compounds containing 1,8Cineole [16-18]. Owing to their many biological activities [19, 20] the essential oils of E. globulus are
used for medical treatment and in the perfume and
food industry. The phenolic fraction of Eucalyptus
bark has also been attracting attention, typically because of the wide-ranging variability of the wellknown assets of these compounds, as well as its antioxidant, anti-inflammatory and antithrombotic effects [21].
According to appraisals of literature, it has
been reported that the decoction of leaves from E.
camaldulensis Dehnh. has been used for treating sinusitis, bronchitis and toothache [22]. Fifteen to
twenty pieces of leaves are decocted and one glass is
drunk 3 times daily, or two handfuls of leaves are
boiled in water and the extract is added to a bathtub
of warm water and bathed in every 3 days for kidney
disorders [23]. Leaves are used externally for rheumatism [24], and E. globulus leaves are used for
wounds [25] in Turkey.
The objective of this study is to assess the folk
medicine data on the wound-healing activity of the
essential oils from Eucalyptus globulus using in vivo
circular excision and linear incision wound models
on anti-inflammatory activity.

ABSTRACT
Eucalyptus species has been used for treating
several diseases such as sinusitis, bronchitis, toothache, kidney disorders and rheumatism in worldwide
traditional medicine. In Turkey, E. globulus leaves
are used to treat wounds. The purpose of this study
was to evaluate, for the first time, the chemical composition of the essential oil from the fruits of E. globulus and its wound healing activity. Since wound repair is related to inflammatory associated conditions,
the supposed anti-inflammatory activity of the oil
was investigated. Essential oil from E. globulus, isolated by hydrodistillation, was analyzed by gas chromatography±mass spectrometry. Linear incision and
circular excision wound models on rats were used for
the wound healing activity of the oil, and acetic acidinduced increases in capillary permeability model in
mice was used for the anti-inflammatory activity.
Analysis of the essential oil showed that the main
components were eucalyptol, D-phellandrene, Ephellandrene, cymene, 4-terpineol, D-pinene, D-thujone, D-terpinene and J-terpinene. The essential oil
comprises 53.67 % eucalyptol. It exhibited significant wound healing activity in the models studied,
and the oil revealed a significant inhibitory effect on
inflammation. These findings add significant information to the wound healing and anti-inflammatory
activities of E. globulus, therefore justifying and
supporting the use of this plant in traditional folk
medicine.

KEYWORDS:
Eucalyptus globulus, Myrtaceae, Excision, Incision, Tensiometer, Wound healing.

INTRODUCTION
Eucalyptus is a varied genus of trees belonging
to the Myrtaceae family and includes about 800 species [1]. Leaf, bark and wood extracts from the Eucalyptus species is a rich source of bioactive compounds and secondary metabolites, similar to high
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(2) Preparation of test samples for bioassay.
For the in vivo wound healing activity, linear incision and circular excision wound models were used.
To determine the wound healing activity, ointment
was prepared with glycol stearate, 1, 2 propylene
glycol and liquid paraffin (3:6:1) which are the basis
of Madecassol® (Bayer, 00001199) ointment to obtain a test sample that contained 1% essential oil and
ௗJ RI WKH RLQWPHQW ZDV DSSOLHG WR WKH ZRXQGHG
GRUVDO SDUWV RI WKH UDWV $ ௗJ DPRXQW RI
Madecassol® ointment was externally applied to
each rat wound as a standard wound healing substance to allow the results of the experiments to be
compared against.
Test samples were dissolved in 1% Tween 80
solution to determine their anti-inflammatory effects. The control group animals were given the
same experimental treatment as those of the test
groups, excluding the drug treatment, which was replaced with a suitable volume of the dosing vehicle.
,QGRPHWKDFLQ ௗPJNJ LQD7ZHHQVROXWLRQ
was used as a reference drug.

MATERIALS AND METHODS
Plant material. The fruits of Eucalyptus globulus were used in this study. The fruits were purchased in Melbourne, Australia, through normal
channels. Voucher specimens were authenticated by
Dr. Barbaros Yaman, and the specimens deposited in
the Herbarium of the Faculty of Forestry, Bartin University, as BOF 367.
Isolation of the essential oil and GC-MS
analysis. The essential oils of the fruits were obtained E\K\GURGLVWLOODWLRQRIIUHVKௗJVDPSOHVXV
ing Clevenger apparatus (ILDAM CAM Ltd. Ankara, Turkey). The oils were collected over three
hours. The samples were dried over anhydrous sodium sulphate in a sealed vial [26-27].
The hydrodistilled samples, including essential
oils, were analyzed using an HP 6890-5973 GCMSD instrument (Agilent Technologies Canada Inc.,
Mississauga, ON, Canada) equipped with an HP-5
capillary column ௗPௗPP,'ௗPm film
thickness). Helium was used as the carrier gas at a
IORZUDWHRIௗPOPLQ6DPSOHVRIௗȝOZHUHLQ
jected by splitting, using a split ratio of 1:50 (17).
The column oven temperature was programmed to
start from 50 ºC (0.5 minutes) rising to 250 ºC at a
heating rate of 4 ºC/min. After a 10-minute holding
time at 250 ºC, the temperature program continued
DW  &PLQ ULVLQJ WR ௗ& IRU  PLQXWHV 7KH
split-injector and MS-WUDQVIHUOLQHZHUHௗ&DQG
ௗ& UHVSHFWLYHO\ 7KH 0DVV 6HOHFWLYH 'HWHFWRU
(MSD) was operated in electron impact ionization
PRGHDWௗH9 RIHOHFWURQHQHUJ\7KH PDVVUDQJH
varied from m/z 35 to 400 amu (atomic mass unit).
Compound identifications were based on mass spectra, referring to the NIST98 and WILEY275 mass
spectral libraries, and also comparing the measured
retention index (RI) values of components with published literature data. The quantitative area percent
measurements were based on peak areas from the
GC-MS data [28].

Wound healing activity (1) Linear incision
wound model. Rats were generally anesthetized
ZLWKDQLQWUDSHULWRQHDOLQMHFWLRQRIௗFF Xylazine
(2% Alfazine®  DQG ௗFF .HWDPLQH  .HWD
sol®), and the hairs on the dorsal part of the rats were
shaved and then cleaned with 70% alcohol. Two
ௗFP OLQHDU LQFLVLRQ ZRXQGV ZHUH FUHDWHG ZLWK D
VFDOSHOLQUHJLRQVௗFPDZD\WKHPLGOLQHRIWKHGRU
sal parts of the rats. Wounds were stitched at equal
intervals using three surgical silk sutures. The animals were euthanized by an overdose of anesthesia.
The wound regions were cut with surgical scissors
ௗFP DZD\ IURP HDFK ZRXQG HGJH  2QH RI WKH
wounds was reserved for histopathological evaluations. The tensile strength of the other wound was
measured with a tensiometer (Zwick/Roell Z0.5,
Germany) [29-31].
(2) Circular excision wound model. Mice
were generally anesthetized with an intraperitoneal
injection RI ௗFF Xylazine (2% Alfazine®) and
ௗFF.HWDPLQH .HWDVRO®). Circular excision
ZRXQGV RI ௗPP GLDPHWHU ZHUH FUHDWHG ZLWK D EL
opsy punch, and each wound was externally treated
ZLWKௗPJRIWKHRLQWPHQWIRUPXODWLRQIRUGD\V
The wound regions were photographed with a digital
camera and wound contraction was calculated with
AutoCAD software [32].

Biological Activity Tests (1) Animals. Male
Sprague & Dawley rDWVZHLJKLQJIURPWRௗJ
DQG 6ZLVV DOELQR PLFH ZHLJKLQJ IURP  WR ௗJ
were obtained from the Kobay animal breeding laboratory (Ankara, Turkey) to use in these experiments. The animals were rested under laboratory
conditions for at least three days to allow them to
adapt to their new environment. They were fed
standard pellet feed and water during the resting period and kept in a laboratory at room temperature in
12 hours of light and 12 hours of darkness. In the
experiments, each group contained six animals. The
study was accepted by the Institutional Animal Ethics Committee (Gazi University Ethical Council Project Number: G.U.ET-08.037) and was performed
according to the international rules governing animal
experiments and biodiversity rights.

Histopathology. Full sections of the skins,
which were obtained from each group at the end of
the experiment, were kept in 10% formaldehyde solution for histopathological evaluations; then, the
preparations obtained from paraffin blocks and
stained with Hematoxylin Eosin (HE), Van Gieson
(VG) and Toluidine Blue (TB) were examined with
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a light microscope (Olympus CX41 with a Kameram® Digital Image Analysis System). The
phases of the wound healing were determined by
qualitatively grading them as +, ++ or +++ and by
evaluating the ulceration in the skin tissues, the reepithelialization, the increase in fibroblast content,
the mono/polymorphonuclear cells, the vascularization and the increase in the collagen content. Finally,
the wound healing progressions in all groups were
combined to show the wound healing phases of inflammation, proliferation and re-modeling.

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
A wound is defined as an injury to living tissue
caused by a cut, blow, or other impact, typically one
in which the skin is cut or broken. Wound healing is
a multifaceted and dynamic progress of changing devitalized and lost cellular structures, and devitalized
tissues. Human adult wound healing development
can be separated into 3 or 4 distinct phases. Previously researchers have noted 3 phases: inflammatory, fibroblastic and maturation [35], which have
also been called inflammatory, proliferation and remodeling and these names are still used by some researchers [36]. In the 4-phase model, there is the hemostasis phase, the inflammatory phase, the proliferation phase and the remodeling phase. In the 3phase model, the hemostasis phase is part of the inflammatory phase.
In this study, the wound healing and anti-inflammatory activities of the essential oil from E.
globulus were evaluated. For the assessment of the
wound healing activity, the oil was mixed with glycol stearate, 1,2 propylene glycol and liquid paraffin
(3:6:1) in a 1% concentration. Linear incisions, using
a tensiometer, and circular excision wound models
were employed for this investigation. Furthermore,
skin samples were also histopathologically evaluated. The experimental outcomes are given in Tables
1 to 4.
As shown in Table 1, topical application of the
ointment prepared with the essential oil from the
fruits of E. globulus onto incised wounds verified the
significant wound tensile strength with a value of
30.9% (p < 0.01) by day 10.
The contraction values of the developing
wounds healing on the circular excision wound
model for the vehicle, negative control, essential oils
and reference drug treated groups are shown in Table
2. The essential oils from the fruits of E. globulus
were originally thought to have wound healing potential, although the vehicle and negative control
groups exhibited no statistically noteworthy wound
healing activity. The wound contractions were
30.15% (p ௗ DQG S IRUWKHHV
sential oil treated group on day 8 and 10, which were
similar to the reference drug Madecassol® [47.099%
(p < 0.01) ±100% (p < 0.001)].

Anti-inflammatory activity. Acetic acid-induced increase in capillary permeability. The effect on the test samples of the acetic acid-induced increased vascular permeability in mice was assessed
according to the Whittle method [33], with some
modifications [34]. Thirty minutes after applying the
test sample and reference substance to the mice, the
marginal tail veins of each mouse was injected with
ௗPORI(YDQV%OXHVROXWLRQ7HQPLQXWHVODWHU
ௗPORIDFHWLFDFLGVROXWLRQZDVLQWUDSHULWR
neally applied. After 20 minutes, the animals were
killed by cervical dislocation; then, the peritoneum
was exposed and its content were transferred into
ௗPO YROXPHWULF IODVNV FRQWDLQLQJ ௗ1ௗ1D2+ E\
LUULJDWLQJZLWKGLVWLOOHGZDWHU$IWHUILOOLQJWRௗPO
with distilled water, the absorbance of the dye was
PHDVXUHG DW ௗQP ZLWK D %HFNPDQQ 'XDO 6SHF
trometer (Beckman, Fullerton, CA, USA).
Statistical analysis of the data. The averages
of the absorbance values (obtained from the inflammation model) and the averages of the wound regions (calculated with the frame-counting) were then
determined. The Instat program that applies the oneZD\6WXGHQW¶VWWHVWZDVXVHGIRUVWDWLVWLFDOHYDOXD
tions.
Both the non-parametric Mann-Whitney and
Kruskal-Wallis analysis methods and the Chi-Square
test were used for the statistical analysis of the histopathological evaluations.
The statistical significance of the experimental
results that were compared with the control and the
reference groups were represented as: * for p < 0.05,
** for p < 0.01 and *** for p < 0.001.

TABLE 1
Effect of the essential oil of fruits from E. globulus on linear incision wound model
Material
Statistical Mean ± S.E.M.
(Tensile strength %)
Vehicle
13.71 ± 3.08
10.1
Negative Control
12.33 ± 2.92
Essential oil ointment
17.96 ± 2.84
30.9**
Madecassol®
21.48 ± 1.53
56.7***
* : p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Standard error meaning
Percentage of tensile strength values: Vehicle group was compared to Negative control group; The oil and the
reference material were compared to vehicle group
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TABLE 2
Effect of the essential oil of fruits from E. globulus on circular excision wound model
Material

Wound area r S.E.M. (Contraction %)
2
4
6
18.03 ±2.98
18.76± 2.83
15.29 ± 2.02
(4.40)
(2.03)
(10.85)
18.86 ± 2.84
19.15 ± 2.90
17.15 ± 2.19
15.10 ± 1.97
14.02 ± 1.92
10.98 ± 1.33
(16.25)
(25.27)
(30.15)*
15.04 ± 2.02
13.88 ± 1.51
8.09 ± 1.14
(16.58)
(26.01)
(47.09)**

0

Vehicle

17.74 ± 3.09

Negative Control

17.31 ± 2.92

Essential oil ointment

17.09 ± 2.38

®

Madecassol

18.11 ± 2.23

8
8.54± 1.95
(6.35)
9.12 ± 2.21
5.18 ± 0.47
(39.34)**
2.13 ± 0.25
(75.06)***

10
5.27 ± 1.02
(18.04)
6.43 ± 1.84
3.04 ±0.43
(42.31)**
0.00±0.00
(100.00)***

* : p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Standard error meaning
Percentage of contraction values: Vehicle group was compared to Negative control group; The oil and the reference material were compared to vehicle group
TABLE 3
Wound healing processes and healing phases of the vehicle, negative control, essential oil and Madecassol ®
administered animals
Groups
Vehicle
Negative Control
Essential oil oinment
Madecassol®

S
+++
+++
+
+

U
+++
+++
-

RE
++
++

Wound Healing Processes
FP
CD
MNC
++/+++
++/+++
++
++
+/++
+
++
++
++
+/++
+/++
++

PMN
+++
+++
+
-/+

NV
++
++
+/++
+/++

Healing Phases
I
P
R
++/+++
+++
++/+++
+++
+
++
+++
+
+/++ +++

HE and VG stained sections were scored as mild (+), moderate (++) and severe (+++) for epidermal and/or dermal
re-modeling. S: Scab, U: Ulcus, RE: Re-epithelization, FP: Fibroblast proliferation, CD: Collagen depositions,
MNC: Mononuclear cells, PMN: Polymorphonuclear cells, NV: Neovascularization, I: Inflammation phase, P:
Proliferation phase, R: Re-modeling phase.
mined to be eucalyptol, D-phellandrene, E-phellandrene, cymene, 4-terpineol, D-pinene, D-thujone, Dterpinene and J-terpinene. The investigation results
shown in Table 5 indicate that eucalyptol was the
main component at 53.67%. The other components
in the fruit were, E-phellandrene (12.59%), cymene
(7.23%), D-phellandrene (6.17%), 4-terpineol
(3.35%), D-terpinene (1.19%), J-terpinene (1.96%),
D-pinene (1.25%) and D-thujone (1.00%). In Table
5, a total of 32 compounds were indicated by the hydrodistillation and they made up 96.03% of the chromatogram area. The chromatogram area indicating
unknown compounds reached 3.97%.
Silva et al. found significant analgesic activity of essential oils from E. citriodora Hook., E.
tereticornis Sm., and E. globulus in hot plate thermal
stimulation in rats, and in acetic acid-induced writhing in mice, signifying peripheral and central system
activities. Essential oil extracts from the Eucalyptus
species mentioned above, showed anti-inflammatory
effects on carrageenan-induced neutrophil migration, carrageenan- and histamine-induced vascular
permeability, and carrageenan- and dextran-induced
rat paw edema [11].

The histopathological estimation, scores and
stages are summarized and shown in Table 3. To represent the wound healing process, indicative figure
(Figure 1), which were stained with HE and VG,
were also added. Phases in the wound healing progressions were detected to variable degrees within
the experimental groups. re-modeling was especially
seen in the reference group and re-epithelization was
seen in the essential oil group.
Arachidonic acid metabolites resulting from
the long-term persistence of acute anti-inflammatory
responses during the early stages of wound healing
may cause endothelial injuries and tissue damage.
Consequently, the effect of the oils on the inflammatory phase of wound healing was studied by using
the Whittle method, based on the inhibition of acetic
acid-induced capillary permeability. A dose-dependent inhibitory activity was observed for the oil from
E. globulus DWௗPJNJZLWKWKHKLJKHVWLQKLELWRU\
value occurring at a value of 28.8% (p < 0.01) (Table
4).
In this study, we examined the essential oil of
E. globulus directly by capillary GC-MS to identify
its chemical composition. Analysis of the essential
oil revealed that the major components were deter-
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FIGURE 1
Histopathological view of wound healing and epidermal/dermal re-modeling in the vehicle, negative
control, oils and reference ointment Madecassol® administered animals. Skin sections show the
hematoxylin & eosin (HE) stained epidermis and dermis in A, and the dermis stained with Van Gieson
(VG) in B. The original magnification was x 100 and the scale bars represent 120 μm for figures in A,
and the original magnification was x 400 and the scale bars represent 40 μm for B. Data are
representative of 6 animal per group. 1) Vehicle group, 10 day old wound tissue treated with only
vehicle, 2) Negative Control group, 10 day old wound tissue, untreated group, 3) Essential oil group, 10
day old wound tissue treated with the essential oil of fruits from E. globulus 4) Reference group, 10 day
old wound tissue treated with Madecassol®.
TABLE 4
Inhibitory effect of the essential oil of fruits from E. globulus on acetic acid-induced increased capillary
permeability
Evans blue concentration (P
Pg/ml) r SEM
9.73 ± 0.87
100
7.52 ± 0.54
Essential oil
200
6.93 ± 0.35
Indomethacin
10
5.82 ± 0.27
* : p < 0.05; ** : p < 0.01; *** : p < 0.001; S.E.M.: Standard error meaning
Material
Control

Dose (mg/kg)
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Inhibition (%)
22.7
28.8**
40.2***
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TABLE 5
Percent composition1) of essential oils of Eucalyptus globulus obtained by the hydrodistillation method
Compounds2)
D-thujene
D-pinene
camphene
2,4(10)-thujadien
sabinene
ȕ-pinene
ȕ-myrcene
D-phellandrene
D-terpinene
p-cymene
ȕ-phellandrene
eucalyptol
D-ocimene
ȕ-ocimene
F-terpinene
D-terpinolene
isopropenyltoluene
linalool
isoamylisovalerate
4-terpineol
2-cyclohexen-1-one, 4-isopropylp-cymen-8-ol
D-terpineol
cuminal
piperitone
p-menth-1-en-7-al
carvacrol
D-terpinyl acetate
ȕ-caryophyllene
spathulenol
globulol
isospathulenol
Total identified compounds
Total unidentified compounds
peak area percents from total eluted components on GC-MS
identified by MS and retention index (RI) data from literature.
identification was based on MS-data only
Nr.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

1)
2)
3)

RI
926
936
949
954
966
978
989
999
1019
1021
1026
1031
1039
1046
1056
1087
1088
1099
1103
1177
1156
1188
1190
1241
1246
1249
1300
1356
1420
1575
1576
2007

Fruits
1.00
1.25
0.02
0.04
0.18
0.09
1.06
6.17
1.19
7.23
12.59
53.67
0.29
0.06
1.96
0.42
0.08
0.08
0.70
3.35
1.65
0.13
0.50
0.23
0.03
0.49
0.07
0.40
0.09
0.79
0.16
0.05
96.03
3.97

Santos and Rao reported that 1,8-Cineole exhibited an inhibitory activity on the acetic acid-induced increase capillary permeability and intraplantar formalin- and intraperitoneal acetic acid-induced
nociception [42]. Chen et al. examined the anti-inflammatory activity of 1,8-Cineole on a trinitrobenzenesulfonic acid (TNBS)-induced colitis model in
rats, which was measured as one of the most effective experimental models used against human inflammatory bowel disease. TNBS induces a widespread inflammation and ulceration in the colon related to an increase in myeloperoxidase activity, displaying neutrophilic infiltration [43]. Surveys were
carried out on the anti-inflammatory ability of 1,8-

The essential oils of E. globulus have more
than 20 compounds with a major monoterpene, principally 1,8-Cineole [16-18, 37, 38]. 1,8-Cineole has
significant antioxidant, anti-inflammatory and antiatherosclerotic activity in vitro and in vivo owing to
its secretolytic properties, and it is traditionally used
to treat respiratory diseases. Researchers reported
that 1,8-Cineol has been identified as an active substance with anti-inflammatory and antioxidant properties in acute pancreatitis [39] and colitis [40], and
as a compound with lipid-lowering and anti-inflammatory properties in hypercholesterolemic zebrafish
[41].
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inhibition of linoleic acid oxidation, and likewise decided that Gram-positive bacteria ± including clinical isolates of Staphylococcus aureus ± were more
vulnerable to the action of extracts from stump wood
[59].
The activity of the essential oil extracts from E.
globulus fruit may be due to its oxygenated compounds, for instance, oxygenated monoterpenes
(23.7%) and oxygenated sesquiterpenes (32.3%)
[60, 61]. Harkat-Madouri et al. identified the majority of oxygenated monoterpenes (78.58%) with 1,8&LQHROH  VSDWKXOHQRO  DQGĮ-terpineol (5.46%) being the major components, and that
the oils studied from E. globulus displayed a noticeable antibacterial activity against Gram-negative
bacteria mostly for Fusobacterium nucleatum and
Porphyromonas gingivalis [15]. Comparable results
were obtained in a study by Said et al. [62]. In that
study, researchers showed that the essential oil extract from E. globulus fruit revealed remarkable antibacterial activity against pathogenic and spoilage
microorganisms which included Bacillus subtilis,
Escherichia coli, Listeria innocua, Pseudomonas
aereuginosa and S. aureus. Tan et al. reported that
globulol the main compound of the essential oils obtained at 23.6% isolated earlier from the E. globulus
fruits, was active against B. subtilis with an IC50
YDOXHRIௗȝJPOí [61].
In conclusion, the wound healing and anti-inflammatory activities of the essential oils from the
fruits of E. globulus were evaluated. These experimental outcomes show that the wound healing and
anti-inflammatory activity of the essential oils of E.
globulus are mainly due to their monoterpene components, of which 1,8-Cineole might possibly be the
key responsible compound. Further studies are necessary to isolate active compound/s and to clarify
their particular mechanisms.

Cineole in inhibiting polyclonal-stimulated cytokine
production by unselected human lymphocytes and
lipopolysaccharide-stimulated monocytes [44].
Other researchers showed that 1,8-Cineole muscularly inhibited the TNF-ĮDQG,/-ȕOHYHOVWRFRQWURO
airway mucus hypersecretion [45], reduce the production of cytokines ± for instance, prostaglandin E2
and leukotriene B4 in human monocytes found in
asthma patients [46] ± and develop lung function and
reduce exacerbations in patients with chronic obstructive pulmonary disease [47].
Joshi et al. reported that the essential oils of
Aloe barbadensis Miller, Cananga odorata (Lam.)
Hook. F and Thomson, Cinnamomum zeylanicum
Blume., Citrus aurantium subsp. bergamia (Risso)
Wight & Arn., E. globulus, Illicium verum Hook F.,
Juniperus communis L., Lavandula officinalis Chaix
& Kitt and Thymus vulgaris L. (in which 1,8-CineROHȕ-trans-caryophyllene, eugenol, linalyl acetate,
limonene, p-cymene and thymol all dominated) displayed strong lipoxygenase inhibitory effects [48].
1,8-&LQHROHĮ-SLQHQHDQGȕ-caryophyllene in the essential oils of the Helichrysum species were also attributed with inhibiting 5-lipoxygenase [49].
Antioxidant compounds are responsible for
wound healing effects through free radical scavenging activity and inhibition of lipid peroxidation that
avoids cell damage [50, 51]. In previous studies, the
Eucalyptus species were shown to have antioxidant
activity using different test models. Lee and Shibamoto reported that the major components detected:
thymol, benzyl alcohol, terpinen-4-ol and 1-8-Cineol
in E. polyanthemos Schauer contributed the probable
antioxidants [52]. Singh et al. showed a significant
antioxidant activity in the moldy and fresh leaves
of E. tereticornis comparable to DPPH, OH and O2
radicals [12]. In addition, Barra et al. (2010) showed
moderate DPPH scavenging activity for oils prepared from the aerial parts of E. camaldulensis and E. radiata[53]. Limited studies have described the antioxidant activity of essential oils
from E. globulus leaves [54,55] and bark (56). In the
crude methanolic extract of E. globulus stump wood
(that displayed antioxidant activity in a DPPH scavenging assay), Luis et al. showed the main compounds to be ellagic, gallic, citramalic and citric acid
[57]. Mimika-Dukic identified 1,8-Cineole and methyl eugenol as the components responsible for the
moderate antioxidant activity [58].
Antimicrobial activity has an important role in
determining the wound healing period. While the
wound is visible to the external atmosphere it is more
vulnerable to microbial attacks, which generally
means a delay in the healing process. Luís et al. reported that stump wood from E. globulus had high
concentrations of total flavonoid and phenolic compounds with antimicrobial and antioxidant activities.
Moreover, in that study, researchers decided that the
stump wood extracts, when related to extracts from
bark and wood, obtained the highest percentages of
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genic, antihyperglycemic, antioxidant, and neuroprotective qualities. Dietary exposure to benzopyrones is considered relevant as these compounds are
found in vegetables, fruits, seeds, nuts, coffee, tea
and wine. Considering the established low toxicity,
relative cheapness, presence in the diet and occurrence in various herbal remedies of coumarins, it appears prudent to evaluate their properties and applications further. The functions of coumarins are far
from clear, although suggestions may include plant
growth regulators, bacteriosid, fungicid and even
waste products [3]. The effects of root exudates and
decayed plant component residues, mainly allelochemicals such as phenolic acids on plant growth,
have been reported in crops such as lettuce, cucumber, watermelon and sunflowers. In these cases, root
exudates of plants and decayed plant residues have
been reported to be toxic to the plants themselves
which is the result of secondary metabolic products
or decomposing plant substrates [4]. Some coumarins have been identified as allelochemicals. For example, Furanocoumarins (psoralen, in particular)
also severely inhibit seed germination [5].
The discovery of the physiological activity of
unsaturated lactones in plants has greatly increased
ELRORJLVWV¶LQWHUHVWLQWKHJHQHUDODFWLYLW\RIFRXPD
rin derivatives [6]. Coumarin has the capacity either
to promote or to inhibit plant growth, the precise response being species-specific and concentration-dependent [7]. In addition, coumarin decreases respiration and photosynthesis in intact plants by inhibiting
electron transport. This affects the activity of enzymes responsible for nitrogen metabolism in carrot
cell suspension culture [8], and inhibits elongation,
cell division, differentiation, rhizogenesis and germination. It also promotes rooting in the leaf explants of petunias and in the inhypocotyl explants of
soybean [9] and chromosome breaking in an allium
test [6]. A study reports that Coumarin in a concentration range of 10±100 ppm has inhibited the growth
of rice, mung bean, lettuce and clover seedlings in
durum wheat (Triticum durum Desf., cv Simeto) [5].
Furthermore, coumarin concentrations beyond 1000
μM have prevented the net nitrate uptake [10]. Also,
coumarin in a concentration range from of 10±100
ppm reduced the growth of rice, mung bean, lettuce
and clover seedlings [11]. The aim of this study is to
contribute to the recognition of primary biochemical

ABSTRACT
This study examines the cytological effects of
coumarin (2H-1-benzopyran-2-one) on Lens culinaris Medik. cv. Sultan in terms of cell response, mitotic index, mitotic abnormalities and chromosome
aberrations. Effective concentration values were calculated based on a probit model, which is a type
of regression where the dependent variable can take
only two values, i.e., life or death, after 72 hours of
treatment. The effective concentration value of
EC50 was determined via probit analyses, approximately 278 μM, and was then adjusted to 300 μM.
The bulb roots were treated with the following concentrations depending on the root growth inhibition
test: 300 μM (EC50), 600 μM (2X EC50). The control group was treated with Hoagland. Germination
percentages of L.culinaris roots decreased with increasing coumarin concentrations. Cytological observations demonstrated that the mitotic frequency in
root meristematic cells lessened and that abnormality
frequency decrease parallel to the increase in concentrations for coumarin. The obtained results indicated that this active ingredient had the ability to
cause a reduction in the seed germination percentage
in the various phases of mitosis and increased chromosomal aberrations in L.culinaris meristematic
cells.

KEYWORDS:
L.culinaris, coumarin, cytological effects, chromosomal
abnormalities, mitotic index.

INTRODUCTION
Coumarins (2H-1-benzopyran-2-one) consist
of a large class of phenolic substances found in
SODQWVDQGDUHPDGHXSRIIXVHGEHQ]HQHDQGĮ-pyrone rings [1]. More than 1300 coumarins have been
identified as secondary metabolites from plants, bacteria and fungi [2]. Coumarin is a plant-derived natural product known for its pharmacological properties such as anti-inflammatory, anticoagulant, antibacterial, antifungal, antiviral, anticancer, antihypertensive, antitubercular, anticonvulsant, antiadipo-
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seeds was observed in laboratory conditions in
petri dishes for 48 and 72 hour time periods.

targets of coumarin and to understand its dynamics
in a more detailed way.
Sources regarding the phytotoxic effects of
coumarin in plant biosystem such as L.culinaris are
nonexistent. In this study, we have investigated the
cytological effects of coumarin, one of the fenolic
compounds that emerge as a secondary compound in
plants, on L. culinaris which is widely cultivated for
its high economic and nutritional value. We also calculated the germination ratios and conducted probit
analysis with EC50 values. The mitotic index test,
which has been used as an important parameter in the
identification of growth development ratio and the
frequency of cell division, was carried out to identify
cytological measurements and chromosomal abnormalities [12]. As biomarkers give information about
the development and growth of the plants, the results
may suggest a tolerance value of L.culinaris according to its growth.

Mitotic analysis. The root tips were fixed first
in Carnoy solution (3:1 alcohol-asetic acid) and hydrolysed in 1 N HCl at 60°C for 5±10 minutes. They
were, then, crushed in a 2% orcein stain in 45% acetic acid and the slides were examined immediately.
The mitotic abnormalities were determined by the
examination of 500 cells per slide and calculated as
approximately 5,000 mitotic cells. Three replicates
were prepared for each concentration.
Detection of chromosomal abnormalities.
Cells in different phases of mitosis were analysed.
The types of chromosomal abnormalities that were
investigated were: micronucleus, lagging chromosome, chromosome bridges, c-mitosis, polarity and
frequency. Chromosomal abnormalities were evaluated separately in all phases of mitosis and photographic data was obtained using an Olympus BX51
photomicroscope.

MATERIALS AND METHODS

Statistical Analysis. The statistical analyses of
data were carried out using SPSS for Windows version 16.0 statistical software (SPSS Inc, Chicago,
USA). Statistically significant differences between
the groups were compared using both one-way analysis of variance (ANOVA) and the Probit test. The
data were displayed by mean ± standard deviation
(SD), and p-values less than 0.05 were considered
statistically significant.

Plant Material and Coumarin. The selected
plant material Lens culinaris Medik. cv. Sultan as
commercial seeds were obtained from the Central
Research Institute of Turkey. The coumarin was
commercially (Sigma) purchased. The chemical
structure of coumarin can be seen in Figure 1:

RESULTS
While treating seeds with different concentrations of coumarin, we observed that seed germination decreased while the concentrations increased for
each concentration of coumarin over a 72 hour period. A significant decrease in live /FXOLQDULV¶ seeds
was shown at 300 μM (Table 1), and after 3 days a
considerable decrease in seedling growth at concentration of 350 μM was observed (Figure 2). As a control, L.culinaris seeds were germinated in Hoagland
solution. The different extracts concentrations and
the control were arranged in a completely random
design spread over three different repetitions (each
repetition corresponding to 60 seeds of L.culinaris
placed in a Petri dish).
The effects of coumarin on the seedling growth
of L.culinaris were evaluated by probit analysis
where the dependent variable can take only two values, for example life or death, after treatment for 72
hours. Probit analysis is commonly used in toxicology to determine the relative toxicity of chemicals to
living organisms. This is achieved by testing the response of an organism under various concentrations
of each of the chemicals in question and then comparing the concentrations at which one encounters a

FIGURE 1
Coumarin (2H-1-benzopyran-2-one)
chemical structure
Cytology. Determination of EC50 values.
Lens culinaris seeds were pretreated with 20% ethanol solution for 5 minutes then were allowed to stand
for 5 minutes in a 5% sodium hypochlorite solution
using the surface sterilization method [13]. Later, the
seeds were placed under clean bench conditions in
Petri dishes and filled with boiled tap water at room
temperature for soaking and germination. At the beginning of the study, six different coumarin concentrations (i.e., 100, 150, 200, 250, 300, 350 μM) were
prepared in modified Hoagland nutrient solution dilutions as recommended by the US EPA[14]. The
control groups were treated only with modified Hoagland nutrient solution. The EC50 values (the effective concentration for 50% growth inhibition) were
calculated according to seed germination percentages with Probit analysis for 48 and 72 hours periods. The root tips that were 0.5 mm or higher were
regarded as germinated. All experiments were carried out in three repetitions. The germination of
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response. The response is always binomial (e.g.
death/no death) and the relationship between the response and the various concentrations is always sigmoid [15]. EC50 values were found at 278 μM for
coumarin (Table 2) and then graphed (Figure 3).

This was later adapted to a 300 μM coumarin
concentration. Therefore, all experimental procedures were carried out using coumarin concentrations of 300 μM (EC50) and 600 μM (2xEC50).

TABLE 1
The effects of different concentrations of coumarin on germinated L.culinaris
seed counts and residuals (72 hour time frame).
Number
1
2
3
4
5
6
7

PROBIT

Used Dose
(μM)
,000
100,000
150,000
200,000
250,000
300,000
350,000

Number of
Subjects
60
60
60
60
60
60
60

Observed Responses
59
45
46
44
44
32
10

Expected
Responses
57,545
52,069
47,361
41,321
34,289
26,853
19,714

Residual

Probability

1,455
-7,069
-1,361
2,679
9,711
5,147
-9,714

,959
,868
,789
,689
,571
,448
,329

FIGURE 2
The germinated L. culinaris seeds treated with coumarin concentrations after 3 days:
a) control (Hoagland solution), b) 300 μM coumarin, c) 600 μM coumarin.
TABLE 2
EC50 values (μM) of tested coumarin for lower and upper bounds and their
corresponding 95 % confidence limits.
Confidence Limits
Probability
PROBIT

,050
,250
,400
,450
,500
,700
,800
,900
,990

Estimate
542,460
386,957
319,467
299,005
278,868
194,831
143,995
73,495
-93,937

95% Confidence Limits for Coumarin
Lower Bound
Upper Bound
406,023
1159,692
304,041
718,558
253,504
533,381
235,882
479,536
216,517
428,569
88,459
263,118
-32,884
206,912
-222,873
150,671
-696,604
39,626

TABLE 3
The effect of coumarin concentrations on mitotic frequency percentage. (Values are presented as mean ±
standard deviation. The exposure time of different coumarin concentrations was 72 hours.
Time
(Hour)
48

72

Concentration
(ppm)

Cell numbers

Divided Number of
Cells

0
300
600
0
300
600

5154
5031
5105
5043
5127
5170

595
405
281
527
244
205

6402

Mitotic Frequency
Percentage +SD
(%)
11,54 r ,220
8,05 r ,368
5,50 ± ,021
10,45 ± ,468
4,67 ±,119
3,96 ±,181
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The coumarin concentrations used had a negative effect on mitotic division. The mitotic frequency reduced as concentration increased when
compared with the control group (Table 2). The mitotic frequency was 11,54% in the control group and
decreased to 8,05% at 300μM concentration and
5,50% at 600μM concentration in 48 hours. In the
control group, the mitotic frequency decreased from
10,45% to 4,67% at 300μM concentration and
3,96% at 600μM concentration over a 72 hour period. During our 3-day observation of seed germination, measurements were not calculated after 24
hours as there were no seedlings at that stage. In high
coumarin concentration, mitotic frequency reduced
to almost half of that of the control.

The probit analysis also revealed the observed
and expected responses of the cells and their residuals (Figure 4). As we can see in this figure, for the
smallest concentration used (i.e., 100 μM), the obtained and predicted responses were very similar.
However, for the largest concentration (i.e., 350
μM), there was a significant difference between the
detected and anticipated responses. On the other
hand, in the responses that were observed in the
lower concentrations, i.e., 150 μM, 200 μM, 250 μM
and 300 μM, there was almost no or very little variation, but, the response rate decreased solely in the
largest concentration (350 μM).
The used concentrations of coumarin caused a
decrease in the mitotic index when compared with
the control (Table 3), indicating mitotic inhibition.

FIGURE 3
Probit values and regression graph of the effect of coumarin on L.culinaris seeds (72h)

FIGURE 4
Cell counts and residuals for different concentrations of coumarin
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TABLE 4
The effect of coumarin concentrations on the mitotic abnormality percentage and frequencies.
Time
(Hour)

48

72

Concentration
(μM)

Prophase
N
A

%

Metaphase
N
A

0
300
600
0
300
600

232
119
80
206
113
87

1,27
14,38
24
1,9
18,7
22,32

133
98
51
111
73
32

3
20
33,3
4
26
25

Anaphase
N
A

%

5
16
23
6
21
22

143
84
57
107
63
29

3,6
14,03
31,08
5,1
22,34
40,74

5
13
14
4
14
26

Telophase
N
A

%

95
86
52
105
92
57

3,37
13,40
19,71
3,66
18,18
48,14

4
14
14
5
13
14

%
4,04
14
21,21
5,6
12,38
19,71

(N; Normal cell, A;abnormal cell, )
TABLE 5
Abnormality counts and percentages for different times and concentrations.
Irregular Metaphase

Sticky Choromosome

Sticky Prophase

Uunequal division

Choromosome Bridge

Laggard Chromosome

C-Mitosis

Binuucleus

Multipolarity

Fragmentation of Amyloplasts
Fragments at metaphase

Irregular Telophase

Nucleus deformation

Chromosome granulation

Polar Deviation

Coumarin

Irregular Prophase
3
12
25
1
21
17
79

4
16
19
6
11
9
65

2
3
4
2
2
3
16

0
0
7
0
2
5
14

0
1
1
0
1
3
6

2
0
2
2
0
4
10

4
8
7
3
12
18
52

1
5
5
1
1
3
16

0
1
6
0
2
4
13

0
0
1
1
2
1
5

1
0
3
2
2
4
12

0
0
29
0
5
35
69

0
3
5
0
2
3
51

0
4
15
0
9
19
65

0
1
3
1
1
1
16

1
6
6
2
5
6
14

abnormality
percentage.%

11,
5

17,
9

14,
7

3,
6

3,
2

1,
4

2,
3

11,
7

3,
6

2,
9

1,
1

2,
7

15,
6

11,
5

14,
7

3,
6

3,
2

Irregular Anapahase

Cell deformation
0
0
7
0
12
32
51

0
300
600
0
300
600
Total

Cell numbers

7
2

500
500
500
500
500
500

Concentration (ppm)

Time (hour)
4
8

0
1
0
1
2
1
1
0
2,
3

FIGURE 5
The following common abnormalities were observed: cell wall deformation in (a) and (b) cells, (c): fragmentation of amyloplasts, (d): necrotic cell, (e): nucleus and cell wall deformation, (f): laggard, ring chromosome in metaphase, (g): laggard chromosome in anaphase, (h): irregular metaphase. The abnormalities
present are indicated by arrows.
We also examined the mitotic abnormality percentages and frequencies for prophase, metaphase,
anaphase and telophase for different concentrations
at different hours (Table 4). We observed that mitotic abnormality increased for all measurements as
the concentration amount increased. For example,
for prophase, the abnormality percentage was 1,27%
in the control but increased to 14,38% at 300μM and
24% at 600μM at 48 hours. Similarly, at 72 hours,
the abnormality percentage was 1,9 % in the control

and increased to 18,7% at 300μM and 22,32% at
600μM. Similar increases were observed in other
measurements for metaphase, anaphase and telophase (Table 4 ).
Another analysis included the counts and percentages of different abnormalities for different
times and concenrations in 500 cells. The highest
percentages were observed for irregular prophase
(17,9 %), fragmentation of amyloplasts (15,6 %), irregular metaphase (14,7%) and nucleus deformation
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about 50% inhibition of the overall growth
rate in Phleum roots. It appears that coumarin is 3-4
times more effective than scopoletin in producing
comparable reduction of the relative elemental
growth rate [30].
Mitotic index (MI), which reflects the frequency of cell division, is an acceptable measure of
cytotoxicity for all living organisms [31]. If the mitotic index decreases below 22% of the control, it can
cause lethal effects on the test organism [32]. This
study demonstrated the use of higher concentrations
of each coumarin concentration in the various phases
of mitosis. It was observed that the MI significantly
decreased over 48 and 72 hours. Similarly, two coumarins (i.e., umbelliferone and daphnoretin) induced a decrease in the MI in lettuce in another
study [33]. In addition, exogenous application of
coumarin caused severe inhibition of carrot cell
growth in suspension culture [34]. Similar inhibitory
effects were also observed in Yang et al. [35] and
*XR HW DO¶V >@ VWXGLHV RQ WKH Jrowth of Festuca
rubra and Medicago sativa and Arabidopsis, respectively. Umbelliferone was also found to display
highly inhibitory activity on the growth of lettuce
and Chinese cabbage in the medicinal plants Diplostephium foliosissimum and Heracleum lanatum
[37].
The most commonly observed damages in the
mitosis of the meristematic cells in L.culinaris where
coumarin was applied were: irregular prophase (17,9
%), regular prophase (14,7 %) and nucleus deformation (14,7%). The least common damage was
multipolarity at just 1,1% . In developing an analytic
technique for choromosomes, a study showed that
pretreatment in a coumarin solution for short periods
resulted in the clarification of plant choromosomes,
but that prolonged treatment caused choromosome
fragmentation and shrinkage [38]. In high concentrations, coumarin altered cell mitosis in plants by causing a choromosome breakage and a disorganisational
effect on spindle formation. Choromosome breakage
caused by coumarin was also found in resting and
dividing nuclei of Allium sp. Action on choromosomal behaviour was also demonstrated during mitosis, presumably by blocking the synyhesis of nucleic
acids in the nucleus of the cell. It was estimated that
the choromosome breaking action of coumarin in the
plant cells was connected to a general increase of
DNA content [39]. Similar to coumarin, flavones
also altered the permeability of mitochrondrial and
chloroplast membranes [5].
Using compounds such as coumarin definitely
have some benefits, however, one should not disregard their potential harm on people and animals.
Therefore, it is one of the duties of the researchers to
examine how compounds such as coumarin affect
the plants they are applied to so that they can be actively used in agriculture, food, cosmetics and medicine. Detailed analyses of these compounds will
yield useful results on its benefits and harms on

(14,7 %). Multipolarity (1,1 %), unequal division
(1,4%), irregular anaphase (2,3 %), polar deviation
(3,2 %) and sticky prophase (3,2 %) yielded the lowest percentages. Coumarin increased the percentage
of abnormal cells in L.culinaris meristematic cells
7DEOH  7KLV LQFUHDVH ZDV VLJQL¿FDQW LQ DOO FRQ
centrations applied when compared to the control
and was dose dependent. The common abnormalities
found were as follows: cell wall deformation in cells,
fragmentation of amyloplasts, necrotic cell, nucleus
and cell wall deformation, laggard, ring chromosome
in metaphase, laggard chromosome in anaphase, irregular metaphase (Fig. 5). All abnormalities observed in different concentrations at different times
are shown in Table 5.

DISCUSSION
Plant compounds affect different populations in
WKHLUKDELWDWV7KHGHWHUPLQDWLRQRIDSODQW¶VKDELWDW
is impacted to a great degree by allelophatic compounds. The impact mechanisms of these compounds that have inhibitory effects may cause some
extent of physiological, cytological or genetic
changes. They may weaken or diminish the populations of organisms that they compete with by causing
genetic variations in their DNAs [16]. If these compounds are taken dietically, they might cause similar
harms to the organisms. In this study, the effects of
coumarin, which has been used in agriculture, medicine and industry as impact material, on the model
organism L.culinaris were explored by measuring
germination ratios and determining EC50 values for
mitotic index and chromosome abnormalities [17].
L. culinaris was seleceted for this particular study
due to its economic and nutritional values. A 50%
growth inhibition was observed when L.culinaris
seeds were treated with the EC value 300μM. If the
dose is doubled (EC50x2), the lack of germination in
most of the seeds can be observed.
To the best of our knowledge, this study is one
the first that investigates the cytological effects of
coumarin on L.culinaris in terms of response, mitotic
index, mitotic abnormalities and chromosome aberrations and may provide some valuable data for further reseach. Many secondary compounds, such as
coumarin, demonstrate different allelophatic effects
on many plants [18, 19]. It has been also shown that
these compounds have antioxidant [20, 21], antibacterial [21, 22] and nemetidisal [23] effects on some
organisms. However, their impact on the genetic
structure of the organisms is unknown.
Some coumarins have been identified as allelochemicals and they are potent inhibitors of seed germination [24]. Previous research has shown that a
number of coumarin derivatives have the capacity to
inhibit root elongation [25, 26, 27, 28, 29]. Moreover, it has been observed that coumarin has been
much more effective than scopoletin in bringing
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[5] Putnam, A.R. (1988) Allelochemicals
from Plants as Herbicides Weed Technology.
Weed Science Society of America Allen Press.
2: 510-518.
[6] D'Amato, F. and D'Amato-Avanzi, M.G. (1954)
The Chromosome Breaking Effect of Coumarin
Derivatives in the Allium Test.Caryologia 6:23.
[7] Murray, R.D.H., Mendez, J., and Brown, R.A.
(1982) The Natural Coumarins. John Wiley and
Sons, New York.
[8] Abenavoli, M.R. and Fuggi, A. (1995) Effect of
coumarin on growth of cells cultured in liquid
medium from carrot (Daucus carota L.). Giornale Botanico Italiano 129: 989±990.
[9] Abenavoli, M.R., De Santis, C., Sidari, M., Sorgonà, A., Badiani, M. and Cacco, G. (2001)
,QÀXHQFHRIFRXPDULQRQWKHQHWQLWUDWHXSWDNH
in durum wheat. New Phytologist 150 :619±627
[10] Abenavoli, M.R., Sidari, M., Sorgonà, A. (1998)
Inhibitory effect of coumarin on nitrate uptake
in wheat (Triticum durum, Desf. cv Simeto.).
Fifth International Symposium on Inorganic Nitrogen Assimilation, Luso, Abstract Book, Portugal.
[11] Hara, M., Umetsu, N., Miyamoto, C. and Tamari, K. (1973) Inhibition of the biosynthesis of
plant cell wall materials, especially cellulose biosynthesis, by coumarin. Plant & Cell Physiol.
14: 11-28.
[12] (UGR÷PXú6)(UHQ<$N\ÕO'g]NDUD$
.RQXN06D÷ODP(  (YDOXDWLRQRILQ
vitro genotoxic effects of benfuracarb in human
peripheral blood lymphocytes. Fresen. Environ.
Bull., 24(3): 796-799.
[13] Ellis, R.H., Roberts, E.H., Summerfield, R.J.,
Cooper, J.P. (1988) Environmental control of
flowering in barley (Hordeum vulgare L.). II.
Rate of development as a function of temperature and photoperiod and its modification by
low temperature vernelization. Annals of botany
62:145-158.
[14] Ouzounidou, G., Moustakas, M., Eleftheriou,
E.P. (1997) Physiological and ultrastructural effects of cadmium on wheat (Triticum aestivum
L.) leaves. Arc Env Toxic 32:154±160.
[15] Akcay, A. (2013) The Calculation of LD50 Using Probit Analysis. FASEB J. 27: 1
[16] Muranli, F. D. G., Rasgele, P. G., Kekecoglu,
M., Kanev, M., and Ozdemir, K. (2015) Potential genotoxicity of acetamiprid and propineb
singly or in combination in cultured human peripheral blood lymphocytes by using MN assay.
Fresen. Environ. Bull. 24: 3947-3955.
[17] Smreczak, B. and Maliszewska-Kordybach, B.
(2003) Seed germination and root growth of selected plants in PAH contaminated soil. Fresen.
Environ. Bull., 12: 946-949.
[18] Kobayashi, K., Itaya, D., Mahatamnuchoke, P.
and Pornprom, T. (2008) Allelopathic potential

plants, animals and people.

CONCLUSION
The current research examined the cytological
effects of coumarin (2H-1-benzopyran-2-one) on
Lens culinaris Medik. cv. Sultan with regards to cell
response, mitotic index, mitotic abnormalities and
chromosome aberrations. First of all, the researchers
calculated the effective concentration values based
on a probit model (EC50 was calculated as approximately 278 μM, and then adjusted to 300 μM). 300
μM (EC50), 600 μM (2X EC50) and a control group
(where Hoagland was used) were utilized as different concentrations in the treatment of the bulb roots.
The results of our study demonstrated that germination percentages of L.culinaris roots decreased with
increasing coumarin concentrations. Moreover, cytological observations showed that the mitotic frequency in root meristematic cells went down and that
abnormality frequency decreased parallel to the increase in concentrations for coumarin. The results of
our study imply that coumarin has the potential to
cause a reduction in the seed germination percentage
in the various phases of mitosis and can increase
chromosomal aberrations in L.culinaris meristematic cells.
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PRODUCTION AND THEIR INFLUENCE ON COASTAL
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managers and policy makers [4].
In particular, the fishmeal industry produces
environmental impacts to coastal ecosystems due to
the dumping of untreated wastewater [5, 6]. In the
port of Guaymas, Mexico, where fishing 65% (~
500,000 t yr-1) of sardines in the country and where
most of the industry fishmeal [7] is located has provided evidence that discharges of wastewater from
industry provide excessive loads of organic matter
that induce processes of hypoxia and anoxia in
coastal ecosystems [8] and produce imbalance in the
physical, chemical and biological properties in the
sediment water and marine environment [9].
The basis of this study originated from the observation that the acidic pH and the high degree of
saturation found in fatty acids of fish oils contained
in wastewater could lead to toxicity in the marine environment [10]. Its relevance is that the detection of
environmental toxicity in wastewater and coastal
waters is important for human and ecological health
[11].
The bioassay Microtox® has proven to be useful in determining the toxicity of wastewater [12, 13,
14, 15] and coastal waters [2, 4, 16]. In this study
toxicity bioassays were performed with Microtox®
order to know the extent of the toxicity of wastewater
processing fishmeal and its effect on the toxicity of
coastal receiving water body.

ABSTRACT
Wastewaters from the fishmeal industry that are
discharged without treatment into the sea induce loss
of ecological functions and ecosystem services in
coastal waters. The objective of this study was to assess the toxicity of wastewater generated by the fishmeal industry, as well as the receiving coastal ecosystem of the Gulf of California. The samples of water were gathered in both summer and autumn in four
sites of wastewater discharges, and three sites of the
receiving coastal body (El Paraje cove). Microtox®
bioassay was used to evaluate toxicity. The results
showed that wastewaters from the fishmeal industry
have high toxicity and the coastal body water has
zones with moderate toxicity and zones without toxicity. These results indicate the importance of having
effective treatment of these types of discharges before they are poured into the sea in order to avoid
deterioration of coastal ecosystems.

KEYWORDS:
wastewater, toxicity, fishmeal industry, Gulf of California.

INTRODUCTION
Coastal and marine ecosystems are among the
most valuable for their ecosystem services, but are
also the most pressing global anthropogenic [1] with
different associated problems, including toxic pollutants contributed by different types of wastewater.
This has supported marine toxicity assessments have
been applied for regulatory purposes, mainly
wastewater, but have also been useful for environmental monitoring, evaluating contaminated sites
and identify environmental risks [2, 3].
Sensitive and practical techniques in biomonitoring are needed in all of the strategic approaches
from toxic chemical rating and classification, to pollution source control, status and trends monitoring,
and assessments of ''marine ecosystem health'', for
providing accessible information to environmental

MATERIAL AND METHODS
Fisheries Industrial Park of the city of Guaymas, Mexico, has seven processing plants fishmeal
operating during the fishing season sardine from October to August, have a capacity to process 600,000
t yr-1 of sardines and pour 20 mm3 yr-1 wastewater
Cove El Paraje. This body of water has an area of 33
hectares, an average depth of 5 m and a mouth communicating it with the sea 500 m wide.
Sampling to determine the toxicity of
wastewater and coastal waters started a month after
the start of sardine fishing season (November), and a
month before the start of the closed season (June)
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FIGURE 1
Location of the study area showing the sampling sites in the Cove El Paraje. Arrows indicate sampling
sites of wastewater discharges; the dots indicate sampling sites of the receiving coastal water body.

of means with one-way analysis of variance.

(Fig. 1).The fieldwork consisted of collecting water
samples at four sites were wastewater discharge occurs due to processing of fish meal at three sites in
the Cove El Paraje that receive the wastewater. Additionally, in this body of water at each sampling site
they were recorded in surface and bottom temperature, salinity, pH and dissolved oxygen in the water,
using a multiparameter probe mark DataSonde 5SX
Hydrolab model.

TABLE 2
Toxicity of wastewater and in the coastal
receiving water body due to the
fishmeal industry in autumn and summer
in the Cove El Paraje.
Period and
sampling
sight #

TABLE 1
Toxicity levels of Microtox bioassay.
Subjective levels

Toxicity units

Not toxic
Low
Moderate
High

< 1.00
1.00 - 1.33
1.34 ± 5.00
> 5.00

Autumn
(November)
1
2
3
4

The toxicity of the water samples was determined Microtox® technique, a bioassay based on examining the toxicity reducing natural bioluminescence of Vibrio fischeri marine bacterium in the
presence of pollutants. Luminescence of the bacteria
was detected with an analyzer Microtox model M
500 at 15 ° C in periods of 5 and 15 minutes of exposure, following the protocol manual Microbics
Corporation [17]. The toxicity is expressed as the
concentration of agent which produces 50% reduction of the initial luminescence (EC50) and toxicity
scale shown in Table 1.
The data presented are the average of three independent determinations of the EC50 values obtained with the Microbics Corporation [18] software.
Toxicity values were analyzed by comparison

5
6
7
Summer
(June)
1
2
3
4
5
6
7

6409

Type of
sampling
sight

Toxicity units

Toxicity
subjective
levels

5
MIN

15
MIN

Wastewater

18.56

20.47

Wastewater
Wastewater
Wastewater
Receiving
waters
Receiving
waters
Receiving
waters

21.44
18.51
29.92

19.35
17.32
29.94

1.55

1.99

Moderate

2.65

3.95

Moderate

<1

<1

Not toxic

Wastewater
Wastewater

3.58
28.32

4.61
25.14

Wastewater
Wastewater
Receiving
waters
Receiving
waters
Receiving
waters

17.99
23.98

20.06
27.39

Moderate
High
High

3.14
<1

3.16
<1

<1

<1

High
High
High
High

High
Moderate
Not toxic
Not toxic
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FIGURE 2
Comparative analysis of the toxicity of wastewater from the processing fishmeal and in the receiving
coastal water body in autumn and summer in the Cove El Paraje.

wastewater [13, 14, 15, 19,], as well as receiving water bodies pollutants toxic [2, 4, 12, 16 20], where it
has been observed their sensitivity to organic and inorganic contaminants.
The results obtained by bioassay Microtox®
provided evidence that: (1) wastewater processing
industry fishmeal has high toxicity and (2) there is an
adverse effect on the coastal ecosystem receptor
showed areas with moderate toxicity. Observed in
the wastewater industry fishmeal high toxicity due to
the high organic matter content, acidic pH and high
degree of saturation found in the fatty acids of fish
oils that have been observed in previous studies [5,
9, 10].
Significant statistical difference with increased
toxicity in wastewater and lower toxicity in coastal
waters, is attributed to the dilution of wastewater
with seawater, as well as the rate of water removal
Cove (<5 days) which is induced by the ebb and flow
of the tide [8]. In this regard, it is important that the
influence of toxicity in the marine environment depends, firstly, the volume and extent of toxicity of
the wastewater, and moreover, the volume of water
and the hydrological and hydrodynamic characteristics of the receiving water body. This implies a variability throughout the year because the cost of
wastewater discharged into the sea are variable.
They depend on the volume of fish processed
through the fishing period and also because the waterbody exhibits variability of hydrological conditions in the annual cycle, specifically the results of
this study showed that the water temperature has a
difference of 10 °C between summer and autumn.
Wastewater from the processing industry fishmeal have high toxicity and are effective in the cove
the place where there is evidence of areas with moderate toxicity, plus the prevailing conditions of acidity and hypoxia observed reflect excessive input of
organic matter by the wastewater and environmental

RESULTS
In autumn, wastewater processing industry
fishmeal had high toxicity (Table 2). In the Cove El
Paraje moderate toxicity was observed at two sites
and no toxicity at another site (Table 2). In summer,
the wastewater had high toxicity at three sites and
moderate toxicity at a site (Table 2). In the body of
water, a site had moderate toxicity and two sites were
free of toxicity (Table 2). The toxicity values showed
statistically significant differences between
wastewater and coastal waters (Fig. 2).
In the Cove El Paraje the changes observed between autumn and summer were that water had: (1)
10 °C higher temperature values in summer; (2) salinity variation of 1 psu with higher values in autumn; (3) similar pH in both periods prone to be
acidic; and (4) dissolved oxygen was similar in both
periods with a tendency to has hypoxia (Table 3).
TABLE 3
Variability of temperature, salinity, pH and dissolved oxygen water in autumn and summer in
the Cove El Paraje
Variable
Temperature
(°C)
Salinity
(psu)
pH
Dissolved
oxygen
(mg L-1)

Autumn
16-22,

18.7 ± 1.5

Summer
26-31,

29.4 ± 1

31-38,

36.8 ± 0.8

24-37,

35.6 ± 5.1

6.7 ± 8.2, 7.8 ± 0.3
0.1 ± 8.7, 3.7 ± 2.8

6.4 ± 8.3, 7.8 ± 0.4
0.0 ± 8.1, 3.7 ± 2.5

DISCUSSION
The Microtox® bioassay was sensitive to detect
the toxicity of wastewater and receiving water body.
This coincides with what was observed in contributions that have implemented this bioassay
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Costero en México (E. Rivera Arriaga, G.J. Villalobos, I. Azuz Adeath and F. Rosado May,
Eds.). Universidad Autónoma de Campeche,
SEMARNAT, CETYS-Universidad, Universidad de Quintana Roo, México. pp. 375-386.
[9] García-Sifuentes, C., O., Pacheco-Aguilar, R.,
Valdez-Hurtado, S., Márquez-Ríos, E., LugoSánchez, M. and Ezquerra-Brauer, J. M. (2009)
Impact of stickwater produced by the fishery industry: treatment and uses. J. Food. 7,67-77.
[10] Mendiola, S., Achútegui, J.J., Sánchez, F.J. and
San José, M.J. (1998) Potencial contaminante
del mar por aguas residuales de las industrias de
harinas y aceites de pescado. Grasas y Aceites.
49,30-33.
[11] Sponza, D.T. (2000) Necessity of toxicity assessment in Turkish industrial discharges (examples from metal and textile industry effluents). Kluwer Academic Publishers. Izmir, Turkey. 26 pp.
[12] Cotou, E., Papathanassiou, E. and Tsangaris, C.
(2002) Assessing the quality of marine coastal
environments: comparison of scope for growth
and Microtox1 bioassay results of pollution gradient areas in eastern Mediterranean (Greece).
Environ. Poll. 119,141-149.
[13] Gutiérrez, M., Etxebarria J. and de las Fuentes,
L. (2002) Evaluation of wastewater toxicity:
comparative study between Microtox® and activated sludge oxygen uptake inhibition, Water
Res. 36,919-924.
[14] Ricco, G., Tomeib, M.C., Ramadorib, R. and
Laeraa, G. (2004) Toxicity assessment of common xenobiotic compounds on municipal activated sludge: comparison between respirometry
and Microtox®. Water Res. 38,2103-2110.
[15] Bayoa, J., Angostoa, J.M. and Gómez-López,
M.D. (2009) Ecotoxicological screening of reclaimed disinfected wastewater by Vibrio fischeri bioassay after a chlorination±dechlorination
process. J. Hazard. Mater. 172,166-171.
[16] Kungolos, A., Samaras, P. and Koutseris, E.
(2003) Using Bioassays for Testing Seawater
Quality in Greece. Journal of Environmental
Science and Health Part A±Toxic/Hazardous
Substances & Environmental Engineering. 38
(3),533-544.
[17] Microbics Corporation (1995a) Microtox®
Acute Toxicity Basic Test Procedures. Entire
Manual. Carlsbad, CA, USA 63 pp.
[18] Microbics Corporation (1995b) Microtox®
Data Collection and Reduction Software 7.11.
Carlsbad, CA, USA.
[19] Oliver, J.H., Chien-Jen, S., Cheng-Fang, L., FuTien, J. and Zen-Chyuan, C. (1996) Use of microtox tests for screening industrial wastewater
toxicity. Water Sci.Technol. 34,43-50.

impact to the system by limiting the proper development of the marine life. This results highlight the importance of wastewater from industry fishmeal receive effective treatment before being discharged
into the sea, and to establish a monitoring program
for both the toxicity of the wastewater and the receiving coastal waterbody in order to determine the effectiveness of these actions in protecting the marine
environment.
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WATER QUALITY ASSESSMENT OF AN URBAN WATER,
BATLAMA CREEK (GIRESUN), TURKEY BY APPLYING
MULTIVARIATE STATISTICAL TECHNIQUES
Yalcin Tepe*, Handan Aydin
Biology Department, Science and Art Faculty, Giresun University, Giresun, Turkey

be important in water quality in one season may less
or not be that important in another [4]. Thus, we may
think to reduce the number of samples analyzed both
in space and time, without much loss of information.
This will help us in identifying priorities to sustain
and improve water quality that has deteriorated because of pollution from various sources. Monitoring
of water quality for a long time period are practiced
to have a better knowledge of Creek hydrochemistry
and pollution [5]. This long term monitoring program, however, accumulate large sets of data that are
often hard to manage and interpret [6]. The problem
of data reduction and interpretation of multi physicochemical data can be achieved by using multivariate
statistical methods and exploratory data analysis [7].
Cluster analysis together with principal component analysis (PCA) have been widely used because
they can indicate associations between samples
and/or variables [7±9]. These associations, based on
similar scales or variations in chemical and physical
parameters, may indicate the existence of seasonal or
manmade influences [10]. Hierarchical agglomerative cluster analysis shows groupings of samples by
relating inter-sample similarities and demonstrates
the complete similarity of variables in the dataset
[11]. Principal component analysis (PCA) is a powerful design recognition tool for explaining the variance of a large dataset with a smaller set of independent variables [12].
The Batlama Creek, a major drinking water
source of Giresun city, originates from a natural reservoir in the forested area (elevation of about 1700
m) in Bektas Plateau. The Creek traverses a total distance of about 40 km before finally merging into The
Black Sea from the east side of Giresun City Center.
$÷VDN.|\<DUEDúÕDQG/DSD&UHHNVDUHWKHWULEX
taries of the Batlama Creek. Three major seltzer factories settled on the banks of the Creek (Fig. 1). The
Creek serves as a major source of domestic water
supply of the Giresun city. Subsequently, the Creek
receives back the untreated domestic wastewater
from Giresun city, and several towns and effluents
from a few industries (distilleries, chemical and others) directly during its course. The Creek during its
course of about 40 km receives pollution load both
from the point and non-point sources. It receives ag-

ABSTRACT
Multivariate statistical techniques, cluster analysis (CA) and principal component analysis (PCA)
were applied to the data on water quality of Batlama
Creek (Turkey), generated during 2014±15, with
monitoring at three different sites for 20 parameters.
The water quality parameters of dissolved oxygen,
pH, temperature, salinity, total dissolved solids
(TDS), conductivity, chlorophyll-a, biochemical oxygen demand (BOD5), total alkalinity, total hardness, total ammonia nitrogen (TAN), nitrate (NO3),
total phosphate (TP), soluble reactive phosphorus
(SRP), chlorine (Cl), total suspended solids (TSS)
were measured. Two significant sampling locations
(sites 1 and 2) and (site 3) were determined based
upon their similarity of water quality characteristics.
Hazelnut production is the main income of the town
and pesticide and fertilizers were administered intensely. Therefore, results revealed that the major
causes of water quality deterioration were related to
inflow of effluent from agricultural, industrial, domestic, and saline seeps into the creek at site 3 and
resulting from people living in towns and farming at
sites 1 and 2.

KEYWORDS:
Giresun, Batlama Creek, Water Quality, Cluster, PCA,
CA.

INTRODUCTION
Creeks carry off the wastewater through different sites and also runoff from surrounded agricultural fields in their large drainage basins which make
them more vulnerable and face more to pollution. In
a region, the natural and the anthropogenic processes
determine the quality of surface water in a large extent[1]. Unlike wastewater discharge from industrial
and municipal sources, surface runoff is a seasonal
natural phenomenon and largely affected by climate
within the basin [2]. Precipitation, surface run-off,
seepage and water interception have a strong effect
on creek discharge and subsequently on the level of
pollutants in creek water [3]. A parameter that can
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as shown in Figure 1. The first station was in
mountain area on 40°44' 04.41" North / 38°17'50.26"
East longitude, right below the source with the altitude of 452 m. The area around the source of the
creek is one of the Turkish fabulous plateaus and
there are numerous recreational facilities including
restaurants and hotels. There also are several seltzer
factories close by the first station point. The second
station (40°48' 56.97" North / 38°18'37.67" East longitude) was chosen below Inisdibi town to see site
effect of this town on the creek. The station with the
altitude of 213 m, receives the sewage of the town
directly without any treatments. Hazelnut production
is the main income of the town and pesticide and fertilizers were administered intensely. There are also
several trout farms on the creek in this town. The
third station (40°54' 17.25" North / 38°21'18.31"
East longitude) was on about 100 m inside from the
Black Sea coastline. Around the third station,
Giresun Industrial Area is located right on the both
side of the creek and the plants were drained their
effluent in it.

ricultural run-off from its vast catchments area directly or through its tributaries and wastewater
drains.
The objective of the present study is to analyze
the 20 physico±chemical parameters in water samples for a year (2014-15) from the polluted Creek,
collected on monthly basis. The large data set obtained was subjected to the CA, PCA and FA multivariate techniques to assess information about the
similarities and dissimilarities among the different
sampling sites, to identify water quality variables for
spatial dissimilarity, and to determine the influence
of the pollution sources on the water quality parameters.

MATERIALS AND METHODS
Study Area. The Batlama basin with the catchment area of approximately 34,63 ha is located in
Giresun, Turkey between 40° North and 38° East
(Fig. 1). Agricultural especially hazelnut cultivation,
commercial, industrial, mining, livestock, pasture,
row crops, forestry, and hydroelectric power plants
are main activities that people undertake in the creek
basin. Some water quality problems have already
been known such as pesticides nutrients from fertilizers, hydrocarbons, and heavy metals. The construction of hydroelectric power station on the creek
has also changed the natural streambed. Monthly water samples were taken from three different stations

Water Analyses. The present study was performed between June 2014 and May 2015 on a
monthly basis. Three-liter polyethylene bottles were
used for collecting the water samples. The sample
bottles were labeled with date and station numbers
and rinsed several times with water from the point of
collection and were transferred to the laboratory immediately in coolers containing ice to reducing the
degradation of samples before analysis.

FIGURE 1
Site map of the study area displaying the sampling points.
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103.67 mg/L. The amount of waste in an aquatic ecosystem is revealed by the concentration of free CO2,
alkalinity, hardness, and some other physicochemical water quality parameters [14]. There is very significant and strong relationship between hardness
and alkalinity at p < 0.01. Alkalinity is also strongly
correlated with TDS and TP.
Total hardness concentration obtained in this
study ranged from 66 - 295 mg/L with a mean value
of 125.58 mg/L. Batlama Creek water is quite hard,
which limit its usage for some local purposes, such
as irrigation, and washing. The water might be a
right source for livestock surviving. Moreover, it
might not be used for industrial purposes since hard
water build clogs which may block pipes and boilers
[15], hence demanding its refining before consumption for definite industrial uses. The min., max., and
the average level of TSS of Batlama Creek are 110 1230 mg/L and 409 ± 18,31 mg/L, respectively. The
levels of TSS increased from plateau to the discharge
points of seaside. Total suspended solids come from
base current, run-off, and domestic sources such as
agricultural, municipal and industrial wastes. Thus,
the high levels at the discharge points might be explained by domestic sources from wind-swept soil
particles, runoffs, human activities, degradation of
road surface and automobile tires, and discharge of
effluent together with disposal of aquacultural waste.
TDS ranged from 92 - 415 mg/L with an average concentration of 168 mg/L. TDS includes of inorganic salts (mainly calcium, and magnesium, and
lesser potassium, sodium, chlorides, sulphates, and
bicarbonates) and small quantity of dissolved organic matter. TDS in water originate from domestic
sources, such as sewage, industrial wastewater and
urban runoff [16]. Level of TDS in water from different geological regions varies significantly because of differences in the solubility of minerals.
The min., max. and average level of DO are
6,68 ± 12.70 mg/L and 10,65 ± 0.61 mg/L, respectively. The noticed decline in oxygen levels from one
station to another might be because of the fact that as
the river flows through its canal, it transports soil,
undissolved and partly dissolved organic and inorganic matters. They are oxidized by oxygen, dissolved in water by this means causing to a decline in
the DO level. The low DO concentrations might also
be due to the decomposition of livestock waste and
feed into the creek that are oxygen demanding. Furthermore, by means of water courses over villages
and cities, diverse substances which demand oxygen
are contaminated into the water. Too much plant and
algae development may cause to decline in dissolved
oxygen level, and undesirably affects aquatic ecosystems.
The concentration of chloride ranged between
33 - 61 mg/L with a mean concentration of 42 ± 4.0
mg/L. Chloride in our drinking water comes from
natural sources, urban runoff, industrial effluents
and sewage. Depending on the alkalinity of the water

All glassware were cleaned with acid wash (12% HCl solutions), at least a day before use, then
rinsed with distilled water, and dried in the drying
oven [5]. All the chemicals used were of Analytic
Grade. Dissolved oxygen, temperature, pH and salinity were measured directly on site by aid of digital
instruments (dissolved oxygen and salinity: with
YSI model 550 oxygen meter; pH: with Hanna
model HI8314 pH meter).
The rest of the parameters, such as, total alkalinity (TA) and hardness (TH), biochemical oxygen
demand (BOD), total ammonia nitrogen (TAN), nitrate (NO3), soluble reactive phosphorus (SRP),
phosphate (PO43), chloride (Cl), and total suspended
solids (TSS) were measured on the same day in the
Giresun University, Department of Biology Laboratories. The total alkalinity and total hardness were
analyzed with titration methods and their results
were expressed as mg/L CaCO3. Chloride (Cl2) analyses were also performed by titration method and
Hg(NO3)2 were used as titrant. Biochemical oxygen
demand (BOD) was analyzed by measuring oxygen
levels with oxygen meter at sampling day and after
5 days incubation period basically calculating the
amount of oxygen spent to oxidize all organic matter
in water. Chlorophyll a concentration was determined spectrophotometrically with 90 % acetone
methanol method. Nitrite (NO2-), Nitrate (NO3), and
total ammonia nitrogen (NH3 + NH4+) (TAN) as well
as phosphate (PO43) analyses were carried out following to standard photometric procedures. A Shimadzu brand UV-mini1240UV model spectrophotometer were used for these photometric analyses.
Water quality analyses were performed as stated by
Boyd and Tucker 
Multivariate statistical methods. Cluster
Analysis (CA), Principal Component Analysis
(PCA) and Factor Analysis (FA) were applied as
multivariate statistical methods to creek water quality data set. Microsoft Office Excel 2007 and SPSS
22 were used for all mathematical and statistical
computations.

RESULTS AND DISCUSSION
The descriptive statistics concerning analyzed
water quality parameters are shown in Table 1 with
the range values (min and max), mean, and the standard deviation. The pH values ranged from 7.6 ± 8.9
with a mean value of 8.25, which point out that the
river is somewhat alkaline. The range of temperature
was from 4°C to 26.5°C and a mean value was
11.54°C. The maximum temperature of 26.5°C was
recorded at the third station which was the point of
straight discharge to the sea. There is strong relationship between temperature and EC, TP, and NO3 at p
< 0.01. (Table 3). The alkalinity concentration was
46 ± 260 mg/L as min. and max. with an average of
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4.814 % of the total variance was described in PC 5
and was contributed by Dissolved Oxygen (DO).
The most remarkable water quality parameters
that contribute to variations in the water quality of
Batlama Creek are Conductivity, Specific conductivity, Total Alkalinity, Total Hardness, Total Dissolved Solids (TDS), Salinity, Temperature, and Soluble Reactive Phosphorous (SRP). Effluent discharges from the slaughter houses, other domestic
activities in the Giresun City center causes considerable pollution.
The correlation factors among all parameters
are presented in Table 3. The correlation matrix exposes that a relationship occurs between TDS, T, EC,
and as well as between Hardness, Alkalinity, and
TP but not between Chloropyll_a, and any physical
parameters. TAN, and BOD were also not correlated
with any other parameters. Sediment pH (SpH) were
not correlated with other parameters except pH and
SRP.
Different sampling points in a river can be
gathered into clusters of similar water quality characteristics [20, 21]. That is conceivable to design
ideal sampling plan which may reduce the number of
sampling stations and the allied repetitive costs by
applying cluster analytical method. This method is
commonly practiced if an observed analysis of the
intra-correlation between variation parameters may
lead to an enhanced understanding of the related factors in a considered method. Figures 2 displays the
RXWSXWRIGHQGURJUDPE\XVLQJWKH :DUG¶VOLQNDJH
method and square Euclidean distances.

too much chloride level increases the corrosion of
metals in the water distribution system [17].
PCA methodology was performed to assess the
important parameters in water quality estimation.
PCA was implemented in the present study for the
18 variables from 3 separate sampling stations between 2014 and 2015 to observe the quality of water
for to categorize significant parameters.
An eigenvalue provides a degree of the meaning of the factor and factors with the top eigenvalues
are the most noteworthy. Eigenvalues of 1.0 or more
are accepted as significant [18]. Ordering of PrinciSDO &RPSRQHQWV 3&  LV WKXV ³VWURQJ´ ³PRGHUDWH´
DQG ³ZHDN´ SDUDOOHO WR DEVROXWH ORDGLQJ YDOXHV RI
>0.75, 0.75 - 0.50 and 0.50 - 0.30, respectively [19].
Tables 2 reviewed the PCA with the loadings, each
3&¶V HLJHQYDOXHV WRWDO GLIIHUHQFH GHVFULEHG DORQJ
with the accumulative variance and strong loading
values emphasized. The PCA of the results, exhibited five PCs which described 90,451 % of the total
variance. PC 1 described 50.834 % of the total variance and was best characterized by Total Dissolved
Solids (TDS), Specific conductivity, Conductivity,
Total Hardness, Total Alkalinity, Temperature, Salinity, and Soluble Reactive Phosphorous (SRP). PC
2 was controlled by pH, Total Ammonia Nitrogen
(TAN), Redox and Total Suspended Solids (TSS),
accounted for 19.497 % of the total variance. The
third PC described 9.663 % of the total variance and
mainly contributed by Nitrate, and Chlorophyll_a.
PC 4 was primarily contributed by Organic Matter in
sediment, accounting for 5.643 % while additional,

TABLE 1
Mean concentration, standard deviation with minimum and maximum ranges of the physicochemical
parameters of Batlama Creek.
Parameter
Temperature (°C)
Diss. Oxygen Saturation (%)
Dissolved Oxygen, DO (mgL-1)
Total Alkalinity (mgL-1)
Total Hardness (mgL-1)
Total Phosphate (mgL-1)
SRP (mgL-1)
Salinity (ppt)
Conductivity, EC (mScm-1)
TDS (mgL-1)
Redox (mV)
pH
TAN (mgL-1)
Nitrate, NO3 (mgL-1)
%2ø5 (mgL-1)
Chlorophyll-a (μgL-1)
Chloride (mgL-1)
TSS (mgL-1)
Organic matter in Sediment %
Sediment pH

Minimum range
4.0
74.5
6.68
46
66
0.019
0.002
0.1
92.5
92
-100
7.6
0.218
0.76
0.29
0.696
33
110
2,94
6.94
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Maximum range
26.5
135
12.70
260
295
0.689
0.072
0.3
586
415
-33
8.90
0.846
3.60
2.63
4.36
61
1230
4,70
8.62

Mean
11.54
99.67
10.65
103.67
125.58
0.12
0.02
0.13
203.92
168
-77.25
8.25
0.350
1.84
1.52
2.37
42
409
4,13
7.61

Standard deviation
1.44
4.88
0.61
15.20
13.54
0.04
0.006
0.01
22.81
17
17.63
0.34
0.100
0.35
0.29
0.63
4,0
18,31
0,92
0,23
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TABLE 2
PCA of water quality parameters of Batlama Creek.
Component Matrixa
Component
2
3

1
Conductivity
,976
Spec. Cond.
,939
TDS
,932
T. Hardness
,919
T. Alkalinity
,905
Salinity
,894
T. Phosp.
,865
Temp.
,818
SRP
,680
pH
Redox
TAN
TSS
-,320
Nitrate
-,559
Chll_a
D.O
O.M in sed.
-,447
SpH
-,341
Eigenvalues
7,625
% Variance Explained
50,834
% Cumulative Variance
50,834
Extraction Method: Principal Component Analysis.
a. 5 components extracted.

,335
,446
,803
-,771
,696
,671

4

5

-,312
,314
-,371

,668
,550
,481
,464
-,349
2,925
19,497
70,331

-,451
,663
,581
-,318
,846
5,643
85,637

1,449
9,663
79,994

-,457
,722
4,814
90,451

TABLE 3
Correlation coefficient of physicochemical parameters of Batlama Creek.
T
1

pH

T

DO

EC

Redo

TDS

TA

TH

SRP

TP

TAN

TSS

BOD

Chlo

N03

pH

-,082

1

DO

-,703*

,329

1

EC

,789**

,038

-,518

1

Redo

-,144

-,765**

,011

-,301

1

TDS

,702*

,071

-,466

,983**

-,297

1

TA

,667*

,101

-,409

,970**

-,328

,987**

1

TH

,683*

,055

-,508

,976**

-,294

,995**

,977**

1

SRP

,631*

,217

-,023

,666*

-,240

,667*

,649*

,613*

1

TP

,804**

,161

-,262

,878**

-,351

,826**

,815**

,784**

,839**

1

TAN

,553

,505

-,279

,369

-,320

,353

,399

,330

,424

,401

TSS

-,159

,341

,034

-,547

-,291

-,583*

-,603*

-,594*

-,288

-,352

,129

1

BOD

-,335

-,090

,250

-,273

-,048

-,185

-,218

-,201

,122

-,173

-,389

,261

1

Chlo

-,302

-,104

,403

-,104

-,179

-,156

-,073

-,164

-,108

-,041

-,438

-,208

,021

1

N03

-,851**

-,143

,623*

-,512

,272

-,391

-,337

-,387

-,395

-,594*

-,542

-,222

,452

,324

1

SpH

-,292

-,642*

-,131

-,191

,498

-,221

-,212

-,162

-,652*

-,400

-,564

-,416

-,267

,309

,329

1

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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FIGURE 2
Dendrogram of cluster analysis of water quality parameters of Batlama Creek.

FIGURE 3
Screen plot of the eigenvalues of principal components.
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exploratory data analysis, Water Res.,
32(12), 3581±3592.
[4] Pejman, A.H., Bidhendi, G.R.N., Karbassi,
A.R., Mehrdadi, N. and Bidhendi, M.E. (2009)
Evaluation of spatial and seasonal variations in
surface water quality using multivariate
statistical techniques, Int. J. Environ. Sci.
Technol., 6(3), 467±476.
[5] Mishra, A. (2010) Assessment of water quality
using principal component analysis: A case
study of the river Ganges, J. Water Chem.
Technol., 32(4), 227±234.
[6] Dixon, W. and Chiswell, B. (1996) Review of
aquatic monitoring program design, Water Res.,
30(9), 1935±1948.
[7] Wenning, R.J. and Erickson, G.A. (1994)
Interpretation and analysis of complex environmental data using chemometric methods,
TrAC Trends Anal. Chem., 13(10), 446±457.
[8] Wang, Y., Wang, P., Bai, Y., Tian, Z., Li, J.,
Shao, X., Mustavich, L.F. and Li, B.L. (2013)
Assessment of surface water quality via
multivariate statistical techniques: A case study
RIWKH6RQJKXD5LYHU+DUELQUHJLRQ&KLQD´J.
Hydro-Environment Res., 7(1), 30±40.
[9] Sivri, N., Seker, D.Z., Alganci, U., Basusta, N.
Basusta, A. and Akgun, H. (2017) The Role Of
Spatial Analysis For Aquaculture: A Case Study
Of Keban Dam Lake, Fresen. Environ. Bull.,
26(1), 405±412.
[10] Armagan, G. and Turgut, C. (2008) Analysis of
environmental pollution with multivariate
statistical techniques, Fresen. Environ. Bull.,
17(8A), 978±984.
[11] Massart, D., Plastria, F. and Kaufman, L. (1983)
Non-hierarchical clustering with masloc,
Pattern Recognit., 16(5), 507±516.
[12] Simeonov, V., Stratis, J.A., Samara, C.,
Zachariadis, G., Voutsa, D., Anthemidis, A.,
Sofoniou, M. and Kouimtzis, T. (2003)
Assessment of the surface water quality in
Northern Greece, Water Res., 37(17), 4119±
4124.
[13] Boyd, C.E. and Tucker, C.S. 1992. Water
Quality And Pond Soil Analyses For
Aquaculture. Alabama Agricultural Experiment
Station, Auburn University, Alabama, USA.
[14] United States Environmental Protection
Agency, (2011) (EPA±OW±2011±0466; FRL±
9609±3) Notice of Availability of Draft
Recreational Water Quality Criteria and
Request for Scientific Views, Fed. Regist., 76,
79176±79177.
[15] Gupta, L.K., Sharma, L. and Meena, R.R.
(2013) Potable water quality with respect to
total dissolved solids and total hardness of
Bharatpur district of Rajasthan, Int. J. Chem.
Sci., 11, 683±688.
[16] WHO (World Health Organisation) (2011)
Guidelines for Drinking Water Quality.

The clustering technique created three sets in a
precise definite approach, since the points in these
sets have related characteristic structures [22]. Clusters 1, 2 and 3 matches to comparatively low pollution, moderate pollution and high pollution regions
of the Batlama Creek, respectively. In Cluster 1
which involves rather less polluted locations, the
sampling point was on the high plateau, far from the
city center and discharge of wastewater into the
creek. Cluster 2 relates to the slightly polluted
places. This sampling point receives pollution from
side creeks sand mining and local activities from a
village nearby. Cluster 3 which is the most polluted
site was along the city center of Giresun and close to
the express international highway.
The statistical analyses of ANOVA showed
that pH, redox and TAN parameters were different
among the stations. Post hoc test Tukey were run to
see which stations were different. Tukey test found
that I. station was different than II. and III. stations
for pH and Redox and III. Station were found different than I. and II. station for TAN levels.
Cluster analysis explain us whether the source
of pollution is similar or not for stations. Stations that
were in the same cluster were II. and III. stations.
The I stations were in different cluster which showed
us this station had different sources and also level of
pollution.
Batlama Creek can be classified as Class I water according to Turkish standards. The creek obtains
one fourth (1/4) of Giresun city drinking water and
extreme care should be taken towards its protection
and sustainability in the future.
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productivity [4]. However, as one of the most widespread vegetation types, grasslands cover approximately 40% of the land surface [5] and contain
around 30% of global total soil C stocks [6]. Therefore, as part of the grasslands that arid-semiarid
grasslands play an extremely important role in the
global C budget [7].
Most of the previous studies on the responses
of net ecosystem C exchange (NEE) represent the
balance between gross ecosystem productivity
(GEP) and ecosystem respiration (ER) [1]. NEE is
an important component of the carbon cycle of grassland ecosystems, which physiologically determines
whether the ecosystem functions as a sink or a source
for atmospheric CO2 [8]. The observed fluxes of
NEE provide valuable information for understanding
photosynthesis as well as respiration at the ecosystem scale [9]. However, response of fenced and
grazed on ecosystem C exchange are still relatively
new and so far only a limited amount of data have
been accumulated [10].
Fenced meadow usually increases NEE and
GEP [8] by advance soil C sequestration and storage
[11]. All of these processes are potentially sensitive
to human activity such as grazing intensity [12].
However, the effects of grazed meadow on the net C
budget and ecosystem processes controlling C cycling and allocation in arid and semiarid grassland
ecosystems are inconclusive [8]. Therefore, so as to
exactly calculations ecosystem C budgets, we must
better understand how disturbances as grazing
meadow affect the seasonal inter-annual variation in
CO2 exchange (e.g. NEE, GEP and ER).
Beginning in April 2012, a field experiment
was conducted to examine potential impacts of human activity, plant growth, soil moisture, soil temperature and time scale on NEE and its components
(GEP, ER) at meadow steppe in the Northern Slope
of the Tianshan Mountains. Our objectives were (1)
study responses of NEE, GEP and ER in this
meadow steppe ecosystem to fenced and grazed
meadows; and (2) whether and how will biotic factors (above-and below ground biomass), abiotic factors (soil temperature and soil moisture content) and
nature factors (precipitation and air temperature)

ABSTRACT
A better understanding of the responses of various ecosystem CO2 fluxes to human activity is vital
for restore degraded grasslands and mitigating
global warming. However, still undefined how CO2
exchanges (e.g. net ecosystem carbon exchange,
NEE; gross ecosystem productivity, GEP and ecosystem respiration, ER) will respond to the fenced
and grazed at a meadow steppe northwest of China.
Base on an infrared gas analyzer linked to a clear
plexiglass incubation chamber, we conducted an experimental study to examine effects of fenced
meadow (from 2005 to now) on NEE, GEP and ER
over the growing seasons from 2012 to 2015. Results
showed that net carbon up take was found in all treatments in four years, with the NEE ranging from 3.96 to -0.01 ȝ mol/(m2·s), the cumulative values
were -105.73 ± 20.80 and -99.28 ±18.43 g C/ (m2·yr)
for fenced and grazed meadows, respectively. Compare with grazed meadow, fenced meadow significantly increased (P<0.05) NEE (5%, 10%, 7% and
9% from 2012 to 2015, respectively) could primarily
be attributed to greater stimulation of GEP than ER.
These results suggested that fenced meadow prevails
over grazed meadow in maintaining carbon balance
in arid and semi-arid grasslands.

KEYWORDS:
Fenced meadow, net ecosystem C exchange, gross ecosystem productivity, ecosystem respiration, Central Asia

INTRODUCTION
The unprecedented global warming [1] and human activity [2] can profoundly impact terrestrial
carbon (C) cycling and budgets, with consequent
feed back to climatic change [3]. Studies on C budgets of terrestrial ecosystems so far have mainly focused on peat-lands and forests, while arid and semiarid grassland ecosystems have received much less
attention, this may be due to their relatively low
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grazed under a grazing intensity of 4.1 sheep/ ha.
Fenced meadow was fenced from 2005 to now because of pastoralists the protection of pasture and improve of managerial skill. The fenced area of
meadow approximate is 400 m2 and completely excluded livestock grazing during the plant growthseason from May to October.
We selected 10 blocks (5 m × 5 m) established
with 5 blocks in the fenced meadow and the other 5
blocks in the grazed meadow, which was about 10 m
away from the block to block. The quadrats (1 m × 1
m) were randomly arranged in every sampling block.
Vegetation biomass and root samples were taken in
Mid-August of 2012, 2013, 2014 and 2015, respectively. Living aboveground parts of each species
were separated from dead parts, oven-dried at 65Υ
for 72 hours, and then weighed to determine dry biomass. In addition, the sum of aboveground biomass
of each functional group was calculated as each species and grasses aboveground biomass. Vegetation
species composition was recorded by counting species number and estimating percent cover of vegetation species. A 1 m × 1 m frame with 100 equally
distributed grids (10 cm × 10 cm) was put above the
canopy in each quadrat during the measurement. The
percent cover of each species was recorded in all the
grids and summed as the species cover in each quadrat. In the quadrats (1 m × 1 m), dead aboveground
parts (litter) were collected by litterbags, each litterbag was placed in each quadrat, which was made
of 20 cm × 20 cm polypropylene fabric with 0.25
mm × 0.5 mm openings, and any green vegetation
material encountered was removed in bags. The litter
was then dried in the oven-dried at 65Υ for 72
hours, weighed and shipped for subsequent analyses
in the lab.

regulate the responses of ecosystem C fluxes in the
meadow steppe?

MATERIALS AND METHODS
Study area. The mountainous area in Gangou
Tounship of Urumqi County is the mid mountain belt
on the northern slope of Tianshan Mountains
(43.54133° N, 87.2145° E, 1500-1800 m a.s.l.),
where the grassland types are mountain meadow
steppe and mountain meadow, located in the northwest of China, Xinjiang has a typically arid-semiarid
and continental climate. The experimental area is
steep in terrain with the gradient of 15°-35°, the annual mean temperature is 2.1Υ-7.1Υ. Long-term
(1956-2015) mean annual precipitation (MAP) is
307.8mm with 90% distributing from May to October. The annual evaporation is 1283.3mm, and the
growth period of herbage is 150 day, the frost-free
period is 89-130d. Data were sourced from the China
Meteorological Administration. Figure 1 shows the
daily precipitation and mean air temperature from
2012 to 2015. The soil types are mountainous the
chernozem soil in the study site, which is classified
according to the FAO Soil Taxonomy. Mean soil
bulk density is 1.03 ± 0.09 g/ cm3. The average soil
organic C content is 37.67 ± 1.73 g/ kg and pH is
8.25 ± 1.01. The study site has been fenced to exclude grazing disturbance since 2005. The major native vegetations in the meadow steppe are Stipa
capillata, Phlomis umbrosa, Artemisia gmelinii and
Festuca ovina. Excessive use leads to severe degradation of vegetation, so the coverage is only 40-50%.
Experimental design. Grazed meadow had become degraded because they were undergoing nomadic grazing from a medium density, which were

FIGURE 1
Daily precipitation (bars) and daily mean air temperature (line) in 2012, 2013, 2014 and 2015.
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daily values of NEE, GEP and ER, respectively, by
the number of days between measurements. NEE
and ER were measured at three-month ³EHJLQQLQJ´
³PLGGOH´DQG³HQG´RIDPRQWK intervals (collected
between 8:00 and 20:00 hours on local time, once
every three hours on clear days) from May to October. Soil temperatures and soil moisture content at
10-cm depth were monitored when NEE and ER was
measured. To calculate ecosystem C exchange rates,
the change in CO2 concentration with time was fitted
to a 2nd order polynomial equation using a least
squares regression. The value of the 1st derivative of
the fitted equation at the point where the equation
was equal to ambient CO2 concentrations (dC/dt)
was used to calculate ecosystem C exchange with the
following equation:
(1)
RS=dC/dt × (Vsys/Ab) × (Patm/(R×Tch))
Where, RS is ecosystem CO2 exchange rate (reSRUWHGKHUHLQȝ mol/(m2·s)), Vsys is the volume of the
system (chamber headspace), Ab is the basal area
covered by the chamber, Patm is the atmospheric
pressure, R is the gas constant, and Tch is the temperature of the air inside the chamber [14].
ഥ ൈ͵Ͳൈͳʹൈ͵ͲͲ
 ൌ σ୬୧ୀହ Ç
(2)
Where, Rsy is cumulative year ecosystem CO2
exchange (from May to October, g/ m2), n is the
numbers of month, തതത
ܴଓ is average everyday CO2 exFKDQJHUDWH ȝ mol/ (m2·s)); the time d, h, s are days,
hours and seconds, respectively.

In the 1 m × 1 m quadrats, after aboveground
biomass and litter were collected, root samples were
also collected from each site to a depth of 100 cm at
seven intervals of 0-5, 5 to 10, 10 to 20, 20 to 30, 30
to 50, 50 to 70, and 70-100 cm with a 10 cm diameter
root core sampler. A composite sample for each
depth was made by mixing three samples. All visible
roots were separated by sieving immediately from
each sample and the remaining soil was returned to
its original depth in the sampled hole. The root samples were washed and oven-dried at 65Υ for 72
hours, then the roots were weighed to calculate belowground biomass.
Soil samples were collected from each site to a
depth of 100 cm at seven intervals of 0-5, 5 to 10, 10
to 20, 20 to 30, 30 to 50, 50 to 70, and 70-100 cm
with a 4 cm diameter soil core sampler at the study
site with different treatments in Mid-August of 2012,
2013, 2014 and 2015, respectively, when biomass
had reached its highest. Soil samples were air-dried
in the laboratory, passed through a 0.25-mm sieve to
determine soil organic C.
Ecosystem gas exchange measurement. In
Aril 2012, one square aluminum frame (0.5 m × 0.5
m) was inserted into the soil at 3 cm depth in each
plot, which was about 10 m away from edges of the
plots in the same treatment. The frames provided a
flat base between the soil surface and the CO2 sampling chamber.
We measured ecosystem C exchange with an
infrared gas analyzer (LICOR LI840 CO2 /H2O)
linked to a 0.5 m × 0.5 m × 0.5 m clear plexiglass
incubation chamber, which covered all the vegetation within the aluminum frames. During the measurement, the chamber was sealed to the frame surface. Two small fans (12 V, 0.14A) were fixed at 0.5
m on opposite sides of the chamber and angled 45°
downward to running continuously to promote air
mixing within the chamber during the measurement.
Air temperature inside each chamber was measured
using a monitored with thermistor probe. CO2 fluxes
were measured under ambient light conditions for
NEE and under dark conditions for ER, using a layer
cloth shroud with a reflective surface to exclude solar radiation for ecosystem respiration. For both
NEE and ER measurements, CO2 concentrations inside the chamber headspaces were logged every second for a measurement period of about 120s. CO 2
fluxes rates were calculated as the linear regression
between CO2 concentrations at 20 and 100 s time.
CO2 uptake during photosynthesis and output
through respiration were first measured during a
light measurement (NEE). CO 2 output from respiration was then measured independently during a dark
measurement (ER). GEP was then estimated as NEE
minus ER [13].
Seasonal integrals of NEE, GEP and ER over
the growing season were calculated by multiplying

Soil temperature and soil moisture. Soil temperature at the soil depth of 10 cm was calculated
automatically with a data-logger (the Soil Temperature Measurement System, HA1001; Handan Electronic Institute, Hebei, China). Soil moisture content
(0-10cm) was measured with a soil moisture probe
(TY10MST3000; STEPS, Germany).
Statistical analysis. Repeated measures analyses of variances (ANOVA) were used to examine
inter-annual variability in seasonal integrals of ecosystem C fluxes when combined with fenced
meadow and grazed meadow. A General Linear
Model with a Duncan test was used to examine the
main effects of NEE, GEP and ER in the fenced and
grazed meadows, and their possible interactions on
the seasonal mean values (precipitation, air temperature, abiotic and biotic factors). Simple and stepwise multiple linear analyses were used to examine
relationships of soil C exchange with soil temperature, soil moisture content, aboveground biomass,
litter fall and belowground biomass. All statistical
analyses were conducted with SPSS software (SPSS
17.0 for windows, SPSS Inc., Chicago, IL, USA).
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TABLE 1
Biomass (AB, LF and BB) were collected at the study site with different treatments in Mid-August from
2012 to 2015, when biomass occurred during peak plant growth, respectively (mean ± SD, n=5).
Year
2012
2013
2014
2015

Treatments
Grazed
Fenced
Grazed
Fenced
Grazed
Fenced
Grazed
Fenced

AB (g/ m2)
40.41±5.22 b
99.99±6.82 a
90.54±13.25 b
141.09±9.76 a
59.93±18.14 b
116.48±7.02 a
57.65±4.29 b
101.86±13.52 a

LF (g/ m2)
19.28±3.38 a
45.71±5.84 a
48.55±4.10 b
87.74±10.83 a
54.98±2.62 b
92.88±15.61 a
27.11±9.11 a
64.32±10.57 a

BB (g/ m2)
603.78±15.68 b
883.26±20.71 a
577.06±28.33 b
852.48±17.64 a
505.99±37.89 b
783.13±25.88 a
598.93±22.51 b
803.18±30.93 a

Different letters (a, b) in a column mean significant differences at P<0.05, n=5 among treatments in each year.

FIGURE 2
Seasonal dynamics and means (± SE) of net ecosystem CO 2 exchange (NEE), gross ecosystem productivity (GEP), and ecosystem respiration (ER) under fenced and grazed in the growing season in 2012,
2013, 2014 and 2015.
GLGQRWFKDQJHWKH³RQH-SHDNSDWWHUQ´VKDSHRIVHD
sonal dynamics of NEE, GEP and ER, increased
peak values of them (Fig. 2). Compared with grazed
meadow, fenced meadow significantly increased
peak values of NEE (by 9.96% and 7.42%, respectively), GEP (by 15.55% and 26.14%, respectively)
and ER (by 19.01% and 15.21%, respectively) in
2013 and 2014 (all P<0.05).
Over the growing seasons, there were significant interaction between year and fenced meadow
(Table 2), which effects of fenced meadow on NEE
were significant in 2012, 2013 and 2015, but not in
2014 (Table 3). Compared with grazed meadow,
fenced meadow increased seasonal integrals of NEE,
GEP and ER by 10.04%-19.03% in 2013, by 7.49%26.12% in 2014, and by 9.11%-20.36% in 2015. In
2012, GEP and ER increased by 16.75%-23.92% but
NEE decreased by 3.05% under fenced meadow. In

RESULTS
Biotic factors. Over the four growing seasons,
the aboveground biomass (AB), litter fall biomass
(LF) and belowground biomass (BB) in the fenced
and grazed meadows are showed in Table 1. Compared with grazed meadow, the treatment fenced
meadow increased the percentage of 2012 to AB, LF
and BB (by 59.48%, 57.82% and 31.64%, respectively), 2013 (by 35.82%, 44.66% and 32.31%, respectively), 2014 (by 48.55%, 40.81% and 35.39%,
respectively) and 2015 (by 43.40%, 57.85% and
25.43%, respectively). AB, LF and BB were increased by fenced meadow during the four growing
seasons (45.91%, 48.42%, and 31.19%; all P<0.05).
It was the maximum values of NEE, GEP and
ER that occurred during peak plant growth during
July and August (Fig. 2). Although fenced meadow
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than grazed meadow (Fig. 3). Over the four growing
seasons, mean soil temperature was linearly and positively correlated with mean GEP and ER (P<0.01),
respectively. However, negative correlations between mean NEE and mean soil temperature (P= 0.33) were found across the fenced and grazed meadows. In addition, soil moisture content had significant effect on ecosystem C exchange (NEE, GEP
and ER; P<0.05). Although mean soil moisture content was linearly and negative correlated with mean
GEP and ER, not for NEE see Fig (s). 4.

addition, The NEE, GEP and ER of the fenced and
grazed meadows presented strong seasonal variations (Fig. 2), suggested that the cumulative annual
(from May to October) NEE were -105.73 ± 20.80
and -99.28 ± 18.43 g C/ (m2.yr), GEP were 359.86 ±
21.07 and 288.92 ± 23.61 g C/ (m2.yr), ER were
270.71 ± 23.49 and 223.39 ± 22.56 g C/ (m2.yr) at
the fenced and grazed meadows, respectively.
Abiotic factors. Although soil temperature at
the 10 cm soil depth was higher at grazed meadow
than fenced meadow (P<0.05), fenced meadow significantly increased soil moisture content (P<0.05)

TABLE 2
Results (P-values) of repeat-measurement ANOVA on the effects of year (Y), treatment (T, fenced), and
their interactions on net ecosystem CO2 exchange (NEE), gross ecosystem productivity (GEP), ecosystem
respiration (ER).
NEE
<0.01
<0.01
<0.05

Y
T
Y×T

GEP
<0.01
<0.05
0.97ns

ER
<0.01
<0.05
0.71ns

ns: statistically insignificant
TABLE 3
Results (P-values) of repeat-measurement ANOVA on the effects of year, sampling date (D), and their interactions on net ecosystem CO2 exchange (NEE), gross ecosystem productivity (GEP), ecosystem respiration (ER).

D
T
D×T

NEE
<0.01
<0.01
<0.05

2012
GEP
<0.01
<0.01
0.64ns

ER
<0.01
<0.01
0.82ns

NEE
<0.01
<0.01
<0.01

2013
GEP
<0.01
<0.01
0.56ns

ER
<0.01
<0.01
0.78ns

NEE
<0.01
<0.01
0.16ns

2014
GEP
<0.01
<0.01
0.93ns

ER
<0.01
<0.01
0.81ns

NEE
<0.01
<0.01
<0.05

2015
GEP
<0.01
<0.01
<0.05

ER
<0.01
<0.01
0.46ns

ns: statistically insignificant

FIGURE 3
Seasonal variations of soil temperature and soil moisture from May 2012 to October 2015 at the depth
of 10cm in fenced meadow and grazed meadow, respectively
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FIGURE 4
The regression analysis of NEE, solid line with solid circle; GEP, dashed line with open circle; ER, dotted line with solid triangle with soil temperature (Ts) and soil moisture (Ms) content under different
treatments.
TABLE 4
Pearson correlations among soil temperature (Ts), soil moisture content (Ms), aboveground biomass (AB),
belowground biomass (BB), and ecosystem C exchange.
Ts
Ms
AB
BB
Ts
1
Ms
-0.784**
1
AB
0.338*
-0.345**
1
0.112
-0.217
BB
0.550**
1
NEE
-0.330*
0.636**
-0.489**
-0.529**
GEP
0.671**
-0.629**
0.508**
0.515**
0.152
ER
0.744**
-0.414**
0.340*
Boldface values indicate effects were significant. *P<0.05; **P<0.01

NEE

GEP

ER

1
-0.677**
-0.095

1
0.731**

1

changed substantially in the four years, with 257 mm
and 18.84 Υ in 2012, 313 mm and 18.89 Υ in 2013,
261 mm and 19.29 Υ in 2014, and 278 mm and
19.60 Υ in 2015 (Fig. 1). There were similar to the
seasonal dynamics of precipitation and air temperature that NEE, GEP and ER followed one-peak pattern with higher values in July and August, and lower
values in May and October over the growing seasons
(see Fig (s) 1-2). There were the PD[LPXP ȝ
mol/ (m2āV DQGWKHPLQLPXP ȝPRO P2·s))
that seasonal integrals of NEE changed in 2015 and

In general, there were several Pearson correlations that used to examine the relationships of ecosystem C exchange (NEE, GEP and ER) with aboveground biomass, belowground biomass, soil temperature and soil moisture content in the four growing
seasons. This paper showed that NEE and GEP were
not only more available ecosystem C exchange, but
also strongly altered the C dynamics of the arid and
semi-arid grassland ecosystem (all P<0.01; Table 4).
Natural factors. Mean precipitation and air
temperature in the growing season (May-October)
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fenced (P<0.01 and P=0.39) and grazed meadows
(P<0.05 and P=0.24), mean NEE was linearly and
significantly negative correlated with mean AB at
the study site (all P<0.01; Fig (s). 5). In addition, this
paper also showed that BB increase enhanced NEE
in the four growing seasons, with a linearly and significantly negative correlated with mean NEE (all
P<0.01). However, there were insignificant correlations between litter fall and ecosystem C exchange
(NEE, GEP and ER) in the fenced and grazed meadows (all P>0.01; Fig (s). 5).

2012. The maximum seasonal integrals of GEP and
ER occurred in 2015, which was 89.76% and
89.91% higher than the minimum in 2012, respectively.

DISCUSSION AND CONCLUSIONS
Effects of fenced meadow on ecosystem CO 2
fluxes. Although mean GEP and ER were linearly
and positively correlated with mean AB in both

FIGURE 5
The regression analysis of NEE, solid line with solid circle; GEP, dashed line with open circle; ER, dotted line with solid triangle with AB, BB and LF under fenced meadow (a, b and c) and grazed meadow
(c, d and f) treatments.
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FIGURE 6
Frequency of precipitation and air temperature during the growing season from 1956 to 2015 (a, b),
responses of NEE, solid line with solid circle; GEP, solid line with open circle; ER, dotted line with
solid triangle to mean precipitation and air temperature in the fenced meadow (c, d) and grazed
meadow (e, f), respectively.

GEP and ER) under fenced meadow. Therefore, in
agreement with the results from other grasslands [8],
this paper suggest that fenced meadow can increase
ecosystem CO2 fluxes (NEE, GEP and ER) through
its stimulation on vegetation growth in this arid and
semi-arid meadow steppe ecosystem.
The treatment of fenced meadow effects on
ecosystem CO2 fluxes (average annual, 1.13 ± 0.22,
3.85 ± 0.24, 3.03 ± 0.22 ȝPRO m2·s) in NEE, GEP
and ER, respectively) were obviously greater than
that at grazed meadow (1.06 ± 0.19, 3.09 ± 0.25 and
2.49 ± 0.11 ȝ PRO P2·s)). Many studies reported
that the influences of fenced meadow on plant photosynthesis [18] and respiration rate [8]. Our study
indicates that fenced meadow significantly increased
soil moisture (P<0.05) than grazed meadow (Fig. 3),
resulted in a greater water-induced stimulation of
GEP and ER [19]. Previous results have reported that
there were positive relationships between soil moisture and C sinks (e.g. NEE) [20]. These results were
similar with our studies. Moreover, Li et al. (2008)

Fenced meadow is an important strategy between renew degraded grassland and to increase the
soil C pools [11]. Due to time-scale limitation, soil
C sequestration may have a role in reducing the
short-term atmospheric CO2 concentration, thus
buying time to develop longer-term emissions reduction solutions over the growing seasons. Fenced
meadow significantly increased NEEin the four
growing seasons (Fig. 2). This is partly because
greater stimulation GEP than ER. Similar to some
studies [15] found that the fenced areas tended to
have greater CO2 exchange rates. Because of soil
temperature and soil moisture content can directly
influence plants root and soil microbial activities and
autotrophic or heterotrophic respiration [16]. Meanwhile, they also possibly that indirectly via altering
vegetation growth and belowground C storage allocation as well as litter biomass decomposition [17],
which determine the availability of C storage substrate for plant roots and soil microorganisms, leading to increases on ecosystem CO2 fluxes (NEE,
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Seasonal and interannual variability. Compared with grazed meadow, in the fenced meadow
steppe of northwest China, there was a greater gross
ecosystem C uptake (GEP) than ecosystem C emission (ER) resulting in a net ecosystem C sink (NEE)
over the four growing seasons. The large seasonal
and inter-annual variations in ecosystem C exchange
indicate that the typically arid-semiarid steppe is
sensitive to environmental change (e.g. biotic, abiotic and nature factors). The maximum NEE absolute values in this fenced and grazed meadows (3-4
ȝPRO P2·s)) were higher than a typically semiarid
grassland of Inner Mongolia steppe [13] and lower
than that in a temperate semiarid steppe [19]. Our results showed that seasonal integrals of NEE ranged
from -61.36 to -5.45 g C/ (m2. yr), and the cumulative values were -105.73 ± 20.80 and -99.28 ±18.43
g C/ (m2. yr) at the fenced and grazed meadows, respectively. Niu et al. [24] showed that seasonal integrals of NEE ranged from -73 to -22 g C/ (m2. yr) in
a temperate steppe. In addition, Chen et al. [18] also
reported that C sinks (NEE) occurred the growing
season, with absolute values of 222.54 and 192.1 g
C/ m2 at the fenced (5-years) and grazed meadows,
respectively. These values were higher than this paper, this is partly because treatments of previous
studies (nitrogen addition) and different climates
(mean annual precipitation about 400 mm) factors.
Results showed that both air temperature and precipitation was significant correlated with NEE (all
P<0.01), but the grassland could have great potentials for C sinks under the optimum temperature and
precipitation at fenced and grazed meadows, suggested that air temperature and precipitation are
highly important controlling factors over ecosystem
C exchange [24] in the study area. In addition, the
strong seasonal and inter-annual variability in NEE,
GEP and ER have also been reported in many other
grassland ecosystems such as Canada grasslands
[26] D &DOLIRUQLD¶V ODUJHVW VHUSHQWLQH JUDVVODQGV
[27], North Patagonia grasslands [28], and central
Sierra Nevada grasslands [29].
Fenced meadow was showed that gross ecosystem productivity (GEP) than ecosystem respiration
(ER) induced significant increases in net ecosystem
CO2 assimilation (NEE), but with large inter-annual
variations in the magnitude of these enhancements.
Fenced meadow was significant increases in soil
moisture content, aboveground biomass, litter fall,
and belowground biomass than grazed meadow,
which fenced meadow is an important strategy to renew degraded grassland. In addition, fenced
meadow also plays a key role in regulating climate,
biodiversity, and water supplies. Therefore, improving the grasslands ecosystem services are essential to
human well-being. These findings will improve our
understanding of organic C sequestration, which response to the simultaneous climate change drivers in
arid and semiarid grassland ecosystems, especially
in the northwest of China in Central Asia.

[21] has showed that relatively high soil moisture
could be used for C sinks (e.g. NEE) in this steppe,
whereas it might be evaporated quickly to the atmosphere [19]. Therefore, a driving force fenced
meadow than grazed meadow resulted in a greater
response of NEE, indicating that the treatment of
fenced meadow is highly important in regulating responses of GEP and ER (and thus NEE).
Although the effects vegetation and soil stimulation of ecosystem CO2 fluxes on vegetations photosynthesis has not been reported in literatures, a
similar phenomenon was observed in Alaska and
Hawaii, and Sabrina et al. [22], who suggested that
global photosynthesis will increase with CO2, but
they differ by a factor of three in the size of this ³&22
IHUWLOL]DWLRQ´Moreover, the lands C sink is believed
to be in part contribute to increases in photosynthesis, vegetations photosynthesis will increase with
CO2, so long as nutrients, such as nitrogen and phosphorus, are not limiting [22].
Effects of environmental changes on ecosystem C exchange. There were quadratic equations
used to descript the significant correlation (all
P<0.01) between ecosystem C fluxes (NEE, GEP
and ER) and the natural factors (precipitation and
temperature).
Most of the previous studies showed that natural precipitation is a predominant driving force for
net ecosystem C exchange, gross ecosystem productivity and ecosystem respiration in arid and semiarid
ecosystems [23, 24]. But the changes of the growing
seasonal distribution of natural precipitation, frequency and size of rain events can also mainly effect
NEE, GEP and ER fluxes (Figs. 6), incentive shifts
in net C sinks and sources [19]. Therefore, Zhang et
al. [25] has shown that fenced meadow might shift
back and forth between C source and sink in recent
years, the natural precipitation amount in most of
these years were suitable for C sinks (e.g. NEE). In
addition, Yan et al. [19] also reported that GEP was
increased that might contribute to water-induced,
due to the water-enhanced microbial activity resulted in a greater response of GEP. However, Chen
et al. [18] suggested that temperature explained more
of the variance in NEE and GEP than water-induced.
For instance, the sustained high rates of NEE in July
and August. This is partly because moderate monsoon, which means relative high temperature during
this same period in July and August. The ecosystem
C exchange at the fenced meadow was significantly
higher than grazed meadow might contribute to the
higher driving force (e.g. water-induced). These
findings were generally consistent with the previous
studies of Yan et al. \[19] and Kang et al. [8] in typically arid-semiarid and continental climates, which
shown that similar increases in NEE, GEP and ER
concentration in the fenced meadow was related to
environmental factors.
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members aligned next to each other in the long arm
of human chromosome 7q.21.3-22.1 as PON1,
PON2 and PON3. PON1 and PON3 are synthesized
in the liver and then released into the blood. Although PON2 is expressed in many tissues, including liver, kidney, brain and testis, it is not noticeable in serum. PON1 consists of 354 amino acid
residues with molecular weight of 43 kDa. PON2
and PON3 have antioxidant properties like PON1,
but do not have the capability of paraoxon hydrolysis activity [3]. Paraoxone, which gives the enzyme
its name, is the toxic component of the organophosphate insecticidal parathion, and the most
abundant substrate tested. The physiological substrate and in vivo mechanism of paraoxonase are
still unknown. PON1 has been recently purified in
human serum or tissue but it is not commercially
available. PON1 shows a wide range of activity
including organophosphates, lactonase, thiolactonase, aryl esterase, thioesterase and phosphotriesterase. Recent studies have focused on the
fact that PON1 may have more lactonase activity
than its paraoxonase and aryl-esterase activity [4].
PON1 might be useful in hydrolysing the inactivation of quorum sensing signaling molecules. Purified PON1 showed the ability to hydrolyse an important quorum-sensing metabolite of Pseudomonas
aeruginosa [5].
PON1 has polymorphism because of the amino acid replacement at position 192 (glutamine:Q
versus arginine:R) and. Paraoxonase polymorphism
is in association with several human diseases such
as diabetes mellitus, cancer, hepatic problems,
atherosclerosis. But studies show that paraoxonase
concentration in serum is more important than polymorphisms at the association with illness [6].
ȕ-lactam structures have been useful as antibacterial drugs for the therapy of bacterial infectious diseases in clinics since the discovery of penicillin [7]. In addition, it has been proved that they
have potential clinical applications as antibacterial,
anticancer, antiviral activity [8] and enzyme inhibitor effect [9-10]. The investigation of chemistry and
ELRORJ\ RI ȕ-lactams is continuing to appeal the
synthetic and medicinal organic chemists [11].
7KHUHIRUHWKHVHDUFKIRUFOLQLFDOO\XVHIXOȕ-lactams

ABSTRACT
Paraoxonase 1 (PON1) is an antioxidant enzyme associated with high-density lipoproteins
(HDL). PON1 has the ability to inhibit lipid peroxides and to hydrolyze a wide variety of substrates
such as esters, thioesters, phosphotriesterases, carbonates, lactones and thio lactones. We hypothesized that whether paraoxonase hydrolyses some
carbazole E-lactam compounds or not. For this
purpose, human serum paraoxonase (hPON1) was
purified from human serum blood via two step
procedure by using ammonium sulphate precipitation and sepharose-4B-L-tyrosine1-napthylaminechromatograpy. The in vitro HIIHFWV RI ȕ-lactam
compounds on paraoxonase 1 (PON1) were investigated using paraoxon substrate. The results showed
that carbazole E-lactam derivatives positively modulated paraoxonase enzyme activity. Among the
compounds, 3g and 3h on PON enzyme were found
to be the most powerful activators.

KEYWORDS:
Paraoxonase1, SXULILFDWLRQ ȕ±lactam compounds, positive modulating

INTRODUCTION
Serum paraoxonase (PON1, EC 3.1.8.1) is a
calcium-dependent enzyme and causes blockage of
LDL against oxidative damage via presence on
HDL [1]. Another important role of paraoxonase is
to hydrolyze organophosphate compounds commonly used as insecticides and nerve agents Because of the critical properties mentioned above,
paraoxonase is both an antioxidant enzyme and is
associated with many diseases such as atherosclerosis, type 2 diabetes and inflammatory bowel disease. Oxidative stress is a significant factor for
carcinoma. PON1 is one of the guarding freeradical systems in the human; therefore its role in
various cancer etiology and blocking has been a
great interest subject [2].
The paraoxonase gene family consists of three
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concentrations were added to the enzyme
activity. Paraoxonase activity with compounds was
assayed by following the hydration of paraoxon.
Activity % values of paraoxonase for different
concentrations of each ȕ-lactam compound were
determined by regression analysis using Microsoft
Office 2010 Excel. It was accept that control enzyme activity without ȕ-lactam was 100 % and the
activity of each compound increased ratio. For the
ȕ-lactams having a positive modulation effect, the
modulation effect was determined from the graphs.

is a growing field of interest. In this study, we deVFULEH D QXPEHURIFDUED]ROHJURXSVFRQWDLQLQJȕ±
lactams and study their properties as activators of
PON1 purified from human serum.

EXPERIMENTAL
Instruments. Melting points of the compounds were measured using an Electro thermal
9100 apparatus. 1 H and 13 C NMR spectra were
recorded using a Varian 300 MHz Mercury Plus
instrument using TMS as internal standards.

Total Protein Determination. The absorbance at 280 nm was used to monitor the protein in
the column effluents and ammonium sulphate precipitation. Quantitative protein determination was
achieved by absorbance measurements at 595 nm
according to Bradford, [15] with bovine serum
albumin as a standard.

Materials. Sepharose 4B, L-tyrosine, 1napthylamine, protein assay reagents and chemicals
for electrophoresis were obtained from Sigma
Chem. Co. All other chemicals used were of analytical grade and obtained from either Sigma or
Merck. ȕ-lactams were prepared by previously
described methods [12].

SDS Polyacrylamide Gel Electrophoresis.
After purification of the hPON1, sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDSPAGE) was applied in two different acrylamide
concentrations, 10 % and 3 % for the running and
stacking gel, respectively, consisting of 0.1 % SDS
according to Laemmli [12]. A 20 mg sample was
added to the electrophoresis composition. Gel was
stayed overnight in 0.1 % Coomassie Brilliant Blue
R-250 in 50 % methanol and 10 % acetic acid, then
detained by fast changing the same solvent, without
dye. The electrophoretic figure was photographed
an image of the gel as seen Figure 1.

Paraoxonase Enzyme Assay. Paraoxonase
enzyme activity was quantified spectrophotometrically using paraoxon substrate by the method identified Gan et al. [13]. The reaction was determined
for 1 min at 37 ºC via appearance of p-nitrophenol
at 412 nm in a Biotek automated recording spectrophotometer. The final substrate concentration during enzyme assay was 2 mM, and all rates were
measured in duplicate and corrected for the nonenzymatic hydrolysis. Paraoxonase enzyme unit
was defined as the quantity of enzyme that hydrolysis of 1 μmol of p-nitro phenol. A molar extinction
FRHIILFLHQW İ RI0ícmí for p-nitro phenol
at pH 8.0 in 100 mM Tris±base buffer was used for
the calculation.
Purification of Paraoxonase from Human
Serum by Hydrophobic Interaction Chromatography. Human serum was isolated from 40 ml fresh
human blood and put into a dry tube. The blood
samples were centrifuged at 3000 rpm for 15 min
and the serum was removed. Firstly, serum
paraoxonase was obtained via ammonium sulphate
precipitation (60-80 %). The precipitate was accumulated by centrifugation at 15000 rpm for 40 min,
and resolved in 100 mM Tris±HCl buffer (pH 8.0).
Then, for the purification of human serum
paraoxonase we used hydrophobic interaction
chromatographic gel (Sepharose 4B-L-tyrosine-1napthylamine) [14]. The column was equilibrated
with 0.1 M of a Na2HPO4 buffer (pH 8.00) including 1 M ammonium sulphate. The paraoxonase was
eluted with an ammonium sulphate gradient using
0.1 M Na2HPO4 buffer with and without ammonium sulphate (pH 8.00).

FIGURE 1
SDS-PAGE of human serum paraoxonase 1. The
poled fractions from affinity chromatography
were analyzed by SDS-PAGE (12% and 3%)
and revealed by Coomassie Blue staining. Experimental conditions were as described in the
PHWKRG/DQHFRQWDLQHGȝ/RIYDULRXVPolecular mass standards: 3-galactosidase, (116.0),
bovine serum albumin (66.2), ovalbumin (45.0),
lactate dehydrogenase (35.0), restriction endonuclease (25.0), 3-lactoglobulin (18.4), lysozyme
(14.4). Only one protein-staining band was detectable on Line 2.

In Vitro Kinetic Studies. For the kinetic studies of carbazole ȕ-lactams derivatives, different
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human serum PON1 was obtained in a yield
of 72.54, and specific activity of 1730.45 U/mg
proteins, and this enzyme was purified 227-fold.
The purity of hPON1 was endorsed by SDS-PAGE.
As seen in Figure 1, a single band, 43 kDa, was
obtained which corresponds to the results in literature [17].
For many years, the effects of metal ions on
several enzymes have been studied. In last decade;
studies on the effects of heavy metals on the
paraoxonase enzyme, which are important in terms
of detoxification and toxicity, are increased significantly. Merinos and KLYLUFLN VKHHS¶V paraoxonase
enzyme activities were investigated at presence of
some metals. It was reported that Co, Mn, Cd, Ni
inhibited Merinos PON and Kivircik PON at different concentrations and exhibited different inhibition
mechanisms [18]. In a different animal paraoxonase
study; which attracted the attention of researchers
with the absence of cancer, the effects of metals on
paraoxonase enzyme purified from Scyliorhinus
canicula (SC), were investigated. SC paraoxonase
was purified using two step procedure; ammonium
sulphate precipitation and hydrophobic interaction
chromatography. But this purification ratio was
lower than human PON1 fold. The metals (Ni, Cu,
Cd, Hg) inhibited SPON at milimolar levels. [19] In
another metal toxicity study Ekinci et al. determined inhibitory effects of some metals on hPON1.
These results showed that metals inhibited purified
human serum paraoxonase1, IC50 values ranging
from 0.838 to 7.410 mM [20].
However, many studies are not on purified
paraoxonase isoenzymes. Gencer et al. determined
inhibition properties of some metal ions on purified
human paraoxonase Q and R isoenzyme. It was
found out that metals inhibited human PON1R192
activity more than PON1Q192 [21].
There are also some studies in literature about
SDUDR[RQDVH ¶V LQWHUDFWLRQV ZLWK SKDUPDFHXWLFDO
compounds such as some antibiotics, sulphonamides, cattle drugs and some coumarin derivatives
[22-28]. Ekinci et al. reported that some commonly
used antibiotics reduced human serum PON1 activity at different levels. [22].
Sinan et al. studied the in vivo and the in vitro
effects of clindamycin phosphate, sodium ampicillin, and ciprofloxacin on paraoxonase. Results
demonstrated that these antibiotics were potent
inhibitors for paraoxonase [23]. In an effort to purify paraoxonase by a different procedure involving
several steps, it has been determined that six sulphonamide compounds inhibited the enzyme ranging from micro to milimollar levels [24]. Arslan
and his colleagues performed some experiments
about bovine serum paraoxonase 1 and its interactions with some cattle drugs which are widely used
in the treatment of cattle illness. According to this
analysis; since oxytocin, dexamethasone, atropine
sulphate,
gentamycin
sulphate,
sulfadoxin-

General Procedure for the Synthesis of
Imines. Imine derivatives were synthesized according to our previous work [15]. 14.26 mmol of 3amino-9-ethylcarbazole were dissolved in ethanol
(30 ml) and added to 14.26 mmol Na 2CO3 and
14.26 mmol aldehyde derivates. The reaction mixture was then refluxed for 24 hours at 90 ºC. The
solution was extracted with AcOEt with an aqueous
phase. The organic phase was washed three times
with water, dried with anhydrous magnesium sulphate, and evaporated under reduced pressure.
General Procedure for the SyQWKHVLV RI ȕlactams. ȕ-lactam derivatives were synthesized
according to our previous work [10]. A solution of
Et3N in benzene was added drop-wise to a hot solution of imines and phenylacetylchloride in benzene
with continuous stirring. The reaction mixture was
then refluxed at 85 ºC for 24 hours. The solution
was extracted with benzene with an aqueous phase.
Organic phase was washed three times with water,
dried with anhydrous magnesium sulphate, and
evaporated under reduced pressure. 3a, 3b, 3d and
3e were purified by recrystallization from acetone
and RWKHUȕ-lactams were purified by column chromatography over silica gel using EtOAc/hexane as
eluents followed by recrystallization from acetone
(Figure 2).

FIGURE 2
6\QWKHVLVRIȕ-lactam derivatives.

RESULTS AND DISCUSSIONS
The main purpose of this work was to investigate the effects of the ten carbazole ȕ-lactam derivatives on purified human PON1. In order to purify
paraoxonase enzyme from serum or liver, there are
different protocols available by using several steps
[16-17]. For purification of human serum PON1,
we used two-step procedures including ammonium
sulphate precipitation at 60-80 % subsequently
Sepharose 4B-L-tyrosine-1-naphthyl-amine hydrophobic interaction chromatography designed by
Sinan et al [14]. This strategy allows paraoxonase
to be purified less frequently and more effectively
than other procedures. The overall purification of
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FIGURE 3
Effect of Paraoxonase1 on positive modulation by carbazole E-lactam derivatives.

activity and PON1 levels in the plasma. Santanam
et al. proposed that anti-atherosclerotic property of
aspirin might be consequence of antioxidant and
anti-inflammatory effects of generating salicylic
acid which a scavenger of free radicals, rather than
acetylating ability of aspirin [31].
The in vitro effect of some carbazole ȕ-lactam
compounds on xanthine oxidase was investigated.
All lactam derivatives inhibited the enzyme activity
at different rates. [10] In our study all these compounds increased purified human serum
paraoxonase activity. The modulation values were
determined from the graphs (Figure 3) and are
shown in table 1. For now, there is no data about ȕlactams activating PON1 in literature. Lactams are
isosteric forms of lactones in which the ring oxygen
is replaced by a nitrogen and in thiolactones replaced by a sulphur. Billecke et al indicated that
while some different type of lactones and thiolactones acted like substrate, some lactam compounds without beta lactam derivative inhibited
Paraoxonase1 Q and R isozymes potentially [32].
Sinan et al. observed that antibiotic sodium ampicillin which has beta lactam ring inhibited PON1 in
competitive manner [23]. Consequently, we thought
this experiment may help finding out paraoxonase
physiologic substrate which is yet unknown.

trimethoprim, toldimfos sodium, furosemide and
metamizole sodium drugs, which cause a decrease
in paraoxonase activity, increase reactive oxygen
production, the dose should be carefully specified
in cattles [25].
TABLE 1
(IIHFWVRIȕ-lactam derivatives on the PON1.
Lactams
3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k

-R
H
4-CH3
3-CH3
4-OCH3
3-OCH3
3-Cl
4-NO2
3-NO2
2-NO2
2-Br
4-F

PON1 increase (%)
78,92
38,63
16,66
11,85
33,15
12,96
90,27
90,27
22,69
9,23
37,21

There is little information about pharmalogical
modulation of PON1. As yet, lipid lowering drugs
(statins) and peroxisome proliferator-activated
receptor (PPAR) agonists are the most largely studied medications for their effects on paraoxonase
activity. Statins are commonly used to decrease
cholesterol amount and inhibit cardiovascular diseases. Statins play an antioxidant role in many
studies that show modulating affect of PON1. In
addition, lifestyle habits and nutritional regulation
of PON1, which increased concentration of
paraoxonase in plasma, are protective against atherosclerosis [29]. Lipid-lowering drugs allow for a
better understanding of paraoxonase metabolism,
because there is no specific compound targeting
PON1. A recent data showed that micronized fibrate augmented concentration and activity of
PON1 and decreased oxidized LDL amounts in
patients with dyslipidaemia. Interestingly, this result does not include the PON1 gene polymorphism
[30]. Aspirin is an aryl ester and has been widely
used as an anti-inflammatory drug. Recent studies
demonstrate that aspirin users have enhanced PON1

CONCLUSIONS
In conclusions, all of ȕ-lactam derivatives activated paraoxonase1. In addition, functional group
banding to aromatic ring is determined to be effective on the enzyme activity. This effect can be explained by both electronic and steric hindrance. As
it is expected, when an electron donating group was
connected to ȕ-lactam ring, the activity reduced
because it was more stable. So, an electron withdrawing group increased the activity. On the other
hand, it appears that position of the same functional
group bound to ring was effective on the activity.
The activity was reduced as the functional group
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DSSURDFKHGWRȕ-lactam ring. It can be explained by
steric hindrance. Functional group prevents interacWLRQZLWKWKHHQ]\PHDQGȕ-lactam ring.
Pharmacological studies, including enzymedrug interaction analyse interaction analyses, are
becoming increasingly vital important [33-36].
Much more experiment about in vitro and in vivo
effects of different beta lactam compounds on
paraoxonase isozymes will lead to clarify of enzyme hydrolysing type. The isozymic differences in
affinity and turnover, coupled with quantitative
differences in the amount of the enzyme (which
may vary up to 10-times or more) may have impact
on derivatives.
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It is ranked 5th in the toxicity list [1,5].
Being one of the most toxic metals and capable
of being mixed into water through industrial discharge, removing cadmium and including it into the
production system is highly important. Efforts are
made to remove cadmium from wastewater by using
alternative treatment methods [1,3-6]. The treatment
technology used for this purpose varies depending on
the concentration and nature of cadmium present in
the wastewater. Different processes, such as chemical sedimentation and filtration, may be used for high
concentrations [7,8]. However, when such methods
are employed, it is important the pH value of the
wastewater that is usually in acidic form be adjusted
accordingly. Moreover, there is a significant amount
of sludge formation as a result of the sedimentation
process. Using an ion exchange method through solvent extraction, ionic resins, clay or zeolites, however, results in the formation of waste due to both the
chemicals used for regeneration and depleted ion exchange materials [9]. Adsorption, on the other hand,
yields good results for removing cadmium but unfortunately it is an expensive method [10, 11]. Also, liquid extraction can be used for removing or enriching
metals, but the downside to this process is that it requires the use of a large quantity of solvents. Instead
of the liquid extraction is suggested liquid membrane
process for separation many ions from different solutions. So, Cd2+ ions had been separated from solutions using liquid membrane at the numerous study
[12-14].
The recent years have seen an increase in the
studies conducted on liquid membrane systems and
ED process for the selective separation of valuable
or toxic metals compared to other methods. Electrochemical processes offer significant advantages in
terms of high particle separation efficiency, metal recycling and avoidance of sludge formation. The electrodialysis systems that are designed based on ion selective membranes ensure efficient metal transport
[15]. There are many studies using of electrodialysis
process on separation of metal ions from wastewater
or processes waters [16-18]. The liquid membranes,
on the other hand, separate the ions with increased
selectivity and reduced energy consumption thanks
to the extractants they contain [3].

ABSTRACT
In this study, the performances of supported liquid membrane (SLM) and electrodialysis (ED) processes have been compared for separation of Cd (II)
ions from aqueous solution. The operating parameters for the both laboratory-scale prepared processes
have been optimized. The influence of operating parameters on the process performance has been established. Then separation efficiency, initial concentration and flux values of the processes optimized have
been compared. The optimum initial concentration
of the SLM process (75 mg/L) is higher than the optimum initial concentration of the ED process (5
mg/L). The separation efficiency of the ED process
(85%) is higher than the SLM process (58%). As a
conclusion, it has been established that the both processes deliver a significant separation performance
for separating Cd(II) ions, however, ED Process is
more efficient than SLM process for low initial concentration. SLM process is suitable for relatively
high concentration and chemical selectivity.
KEYWORDS:
Electrodialysis, supported liquid membrane, cadmium,
metal removal, separation process performance, dilute solution, operational parameters effects.

INTRODUCTION
Cadmium is a metal that is present in the nature
along with zinc ore and created as a by product in the
manufacturing of zinc [1,2]. Cadmium may be included in natural environments through various ways.
It is likely to be discharged into the air, water and
soil through chargeable battery (Ni-Cd) manufacturing industries, phosphate containing fertilizers, iron
and steel manufacturing, pigment manufacturing,
paint industry, nuclear plants and photography related activities, electro-coating industries, cement
manufacturing activities, waste incineration facilities
[3,4]. Cadmium has significant negative effects on
human health and ecological environment. The use
of cadmium has been restricted by European Union.
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FIGURE 1
Experimental supported liquid membrane setup used in laboratory

This study aims to present and compare the performance of each separation process in terms of separating cadmium from aqueous solutions. Within the
scope of this study, the operating parameters that
have been influential in separating cadmium from
the cadmium containing aqueous solutions have
been studied at certain intervals and the performance
values was identified for each system. The ion transfer capacities of the processes have been established.
Important of this study is that a similar research for
comparing of separation performance of ED and
SLM processes do not studied before.

using a flow meter (Raczek KFR-4256NS ). 1 mL
samples were periodically (0, 15, 30, 60, 90, 120
min.) taken from the feed and stripping solutions
during the SLM experiments and analyzed in the
AAS (Thermo Scientific Ice 3000 series).
Experimental studies on electrodialysis. Experiments were conducted in the 3 compartment micro-flow laboratory-scale ED module that was provided by the company named Electrocell®. The ED
module contains Pt/Ti electrodes. Membranes,
Nafion 117® as cation exchange membrane and Neosepta® as anion exchange membrane, as compatible with the ED module were provided along with
the ED cell. The effective area of the membrane was
10 cm2. While the electrolyte solution (0,05 M NaCl)
was circulated into the compartments containing
electrode, the feed solution containing Cd(II) was
circulated through the dilute compartment in the
middle using a multi head peristaltic pump (Longer
Pump WT600-2J). The electrolyte solutions and the
feed solution was 250 mL. Both the electrolyte solution and feed solution were stirred with a magnetic
stirrer throughout the experiment. Samples were
taken periodically from both the catholyte solution
on the cathode side and the feed solution flowing
through the dilute compartment in the course of the
experiment and analyzed in the AAS. Membranes
were cleaned after each experiment by given reverse
current for 15 minutes. Pure water was circulated
through the system before commencing the experiments.

MATERIAL AND METHODS
Materials. In conducting SLM experiments,
Aliquat 336 (Methyl-tri-caprylyl ammonium chloride) (Aldrich) was used as transport and toluene
(Merck) as membrane solvent. Other chemicals used
include CdCl2.5H2O, EDTA, HCl, NaCl (Merck).
All chemicals substances were of high analytic purity. The aqueous solutions used in experiments were
prepared with distilled water.
Experimental studies on supported liquid
membrane. The experiments were conducted with a
semi continuous system (Fig.1). As membrane support, a hydrophobic PVDF (polyvinylidene difluoride, 40x70 mm, DuraporeTM) membrane -with
60% porosity and 0.22 mm gap and 120 mm widthwas used. Prior to use, the membranes was kept during 24 hours in the toluen containing aliquat336 for
its pores to be filled with solvent containing carrier.
The feed solution used in experimental studies were
prepared after having been dissolved in CdCl2.5H2O,
HCl in appropriate quantities. Peristaltic pumps
(Heidolph PD5206) were used to maintain water circulation from the membrane. 200 mL feed and stripping solutions were stirred with magnetic stirrers
(Heidolph MR 3004S) throughout the experiment.
The flow passing through the system was adjusted

DATA ANALYSIS
SLM data analysis. By using the data obtained,
separation efficiency percentages were identified in
the SLM.
ሾ&GሿV
63 ൌ 
[
(1)
ሾ&GሿIR
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Here; 63 is identified as the separation efficiency percentage, ሾ&GሿV as the cadmium concentration in the stripping solution, ሾ&GሿIR as the initial
cadmium concentration in the feed solution.
In SLM¶V, the substance transport is assumed to
be performed in steady-state and the concentration
gradients are accepted to be linear and realized in accordance with Fick's first law [19-22]. In SLM¶VWKH
flux of the carrier mediated transport is expressed
with the appropriate formulation of diffusion in
Fick's first law.
3 ൌ
(2)
݈݊



charge ሺܳǡ ܾ݈ܿ݉ݑሻ passing through the system
within the same timeframe. In other words, the current efficiency is the determination of the current
(ܫǡ ܣሻ that is used for transporting per mole of ion
within the timeframe of οݐ. The fact that the current
efficiency is high shows that the current ( )ܫintroduced to the system is not lost in the system, not
transported by other ions or spent for the hydrolysis
of water.
οǤ௭Ǥி
(6)
 ܧܥൌ
ேǤூǤο௧
Here; ܨǡ represents the faraday constant (96485
As/mol),  ݖ, the valence of ion. ܰ , represents the
number of stack. Energy requirement; the energy
consumption required for removing the ions present
in the unit volume of the solution is presented in the
following equation [25,26].

&I

బ

ൌെ




ܲݐ

(3)

Here; while J, the flux representing the ion
transport in the SLM system, &I and ܥ represent the
concentration of the metal ions in the liquid feed solution at the t time and beginning (i.e., at t=0) respectively, ܣ , represents the effective area, (ܣ ൌ ܣǤ ߝሻ,
ߝ represents the porosity percentage of the membrane support, 9I represents the feed solution volume and ܲ is considered as the membrane permeability value. The P values of the experimental data
were calculated by applying an iteration program to
the Eq.(3).
By using the data, obtained from experimental
studies, in the relevant equations, separation efficiency, permeability and flux values were identified.
This way, the effect of each operating parameter was
presented and optimized.



ா  ூௗ௧

(7)
 ܥܧൌ బ
ௗ
Here, EC represent energy consumption
(Watt.h/m3), E, potential applied to system (V), I,
current (A), T time (hour) and Vd, the volume of solution passing through the diluted compartment (L).

RESULTS AND DISCUSSIONS
Optimization of the supported liquid membrane. The carrier, solvent, feed and stripping solutions that were recommended by most previous studies for the separation of Cd (II) from aqueous solutions through SLM were selected. In this study, Aliquat 336 that a quaternary ammonium salt and performs Cd(II) transport from chloride solutions as per
the following reactions was used as carrier [27-29].
&G&O is ionized in the water (Reac.(1)), the
ionized species creates the complexes of ݈ܥ݀ܥଷି and
݈ܥ݀ܥସଶି that contain chloride (Reac (2) and Reac (3)).
The negatively charged complexes thus created are
replaced with  ି ݈ܥpresent in Aliquat 336 (Reac (4),
Reac.(5)) and passes into the organic membrane and
from there into the dilute solution [29,30].
݈ܥ݀ܥଶ ՞  ݀ܥଶା  ʹି ݈ܥ
Reac. (1)
 ݀ܥଶା  ͵ ି ݈ܥ՞ ݈ܥ݀ܥଷି
Reac. (2)
Reac. (3)
 ݀ܥଶା  Ͷ ି ݈ܥ՞ ݈ܥ݀ܥସଶି
݈ܥ݀ܥଷି  ܴସ ݈ܰܥ  ሺܴܰସ ሻ݈ܥ݀ܥଷሺሻ  ି ݈ܥ
Reac. (4)
݈ܥ݀ܥସଶି  ʹܴସ ݈ܰܥ  ሺܴܰସ ሻଶ ݈ܥ݀ܥସሺሻ 
Reac. (5)
ʹି ݈ܥ

ED data analysis. In this study, the current
density, initial metal concentration, flow rate and the
voltage applied parameters in the ED process were
optimized. The optimization was made based on separation efficiency, flow rate and flux values of the
process [20].
Separation efficiency (SP%). The efficiency
of ED process in removing metals represents the efficiency in separating the difference between the
metal concentrations available at the beginning of
the process ([Cd]0) and those present in the dilute
compartment by the end of the process ([Cd]t) .
Ψܵܲ ൌ ቀͳ െ

ሾௗሿ
ሾௗሿబ

ቁ Ǥ ͳͲͲ

(4)

Flux (J). the flux of the process (mol/cm2.s) is
defined as the amount of substance (mol) transported
through the effective membrane area (cm2) in a specific timeframe (t) during the ED process. Here V
represents the volume of the concentrate compartment (L) and the ǻ& the amount of substance transported at t time (mol /L) [23-24].
 ο
ܬൌ Ǥ
(5)
 ௧

In this study, Toluene with a high dielectric
constant was used as membrane solvent since it is
easily dissolved in Aliquat 336 [3, 29, 31]. In order
to improve the separation efficiency of Cd(II) in the
SLM process, optimum values of the stripping solution type and concentration, of the feed solution concentration, of the initial metal concentration, of the
pH value of the feed solution, of the flow rate passing
through the system and of the carrier concentration
were determined. By using the data obtained from

Current efficiency. It is the ratio of the amount
of ions ሺο݊ǡ ݈݉ሻ being transported from the dilute
compartment into the concentrate compartment
within the timeframe of οWሺVሻ to the electrical
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are presented in the Table 1. Hydrochloride acid was
chosen as the stripping solution for the SLM, as is
the case with most studies [31,32].

the samples taken the feed solution, Flux (J) and Permeability (P) and separation efficiency (SP%) were
calculated. The results obtained for each parameter

TABLE 1
Performance values regarding the separation of Cd(II) ions by the SLM system
Parameter
Type of stripping solution
0.01 HCl
0.01EDTA
0.01H2SO4
Concentration of stripping as HCl
0.001
0.005
0.01
0.05
Concentration of feed solution (M,
HCl)
0.5
1
2
Initial concentration (M)
25
50
75
pH value of the feed solution
3
4
5
6
7
Flow rate (ml/min)
25
50
80
Carrier concentration (M)
0.005
0.01
0.05

۸x1010
ܔܗܕȀܕ܋ Ǥ ܛ

ܠ۾ି
ܕ܋Ȁܛ

Ψ۾܁

ᇞnx105
(mol)

1.89
1.31
1.04

8.52
5.89
4.68

47
35
29

10.5
7.93
6.55

1.05
1.14
1.89
1.63

4.72
6.57
8.52
7.33

32
40
47
43

7.10
8.96
10.5
9.58

0.93
1.89
2.18

4.20
8.52
9.80

28
47
51

6.25
10.53
11.53

2.18
4.54
7.41

9.80
10.2
11.1

51
54
57

11.53
23.98
37.94

Feed solution: 1M HCl, Dilute solution:
0.01M HCl, Membrane: 0.001 M Aliquat 336 in Toluene, Flow rate: 80
mL/min.

1,37
1,18
1,01
0.95
0.74

6.17
5.29
4.56
4.29
3.33

35
32
29
28
24

7.76
7.10
6.40
6.12
5.25

3.49
6.24
7.41

5.23
9.35
11.1

34
51
57

22.98
34.2
37.94

4.29
7,41
7.81

6.43
11.1
11.7

40
57
58

26.70
37.90
39.10

Feed solution: 0.01 M NaCl, Dilute solution: 0.01 M HCl, Membrane: 0.001 M
Aliquat 336 in Toluene, Flow Rate: 80
mL/min., pH value was set by 1M HCl
and 1 M NaOH.
Feed solution: 2M HCl,
Initial concentration: 75 mg/L,
Dilute concentration : 0.01 M HCl,
Membrane: 0.001 M Aliquat 336 in Toluene
Feed solution: 2M HCl
Initial concentration: 75 mg/L,
Dilute concentration : 0.01 M HCl,
Flow Rate: 80 mL/min.

Experimental conditions
Total amount of the dilute concentration
0.01 M, feed solution 1 M HCl, flow
rate; 80 mL/min., Membrane;0.01 M Aliquat in Toluene, Cd(II) concentration
25mg/L
Feed solution: 2M HCl Initial concetration:25 mg/L, Membrane: 0.01 M Aliquat 336 in Toluene, Flow rate: 80
mL/min.,
Initial concentration:25 mg/L, Dilute solution: 0.01 M HCl, Membrane: 0.01 M
Aliquat 336 in Toluene, Flow rate: 80
mL/min.

TABLE 2
Process performance results calculated for each operating parameter in the ED process
Parameter
Flow Rate (mL/dk)
50
100
200
Initial Concentration of
Cd(II), ppm
3
5
7
10
Applied Voltage
35
40
45
pH of feed solution
3
4
5
6
7

 ͳͲଵ 
ܔܗܕȀܕ܋ Ǥ ܛ

Ψ۱۳

Ψ۾܁

ᇞnx105
mol

EC
watt.h/m3

Experimental conditions

0,78
0,89
1,05

54
44
45

64
73
80

1.7
1.9
2.2

256
372
410

Initial concentration: 3mg/L
Cd(II); Electrolyte solution: 0.05
M NaCl; pH=6,0; Voltage: 40 V)

45
53
56
74

80
83
79
76

2.3
3.7
5.0
6.8

410
579
736
768

Concentration solution: 0.05 M
NaCl; Flow rate : 200 mL/min;
Voltage: 40 Volt; pH:6.0)

1.48
1.59
1.70

76
61
46

72
77
85

3.2
3.4
3.7

294
464
630

1.43
1,49
1,52
1,70
1,38

10
29
45
54
59

70
72
74
85
67

3.1
3.2
3.2
3.7
3.0

670
253
174
162
471

1.05
1.65
2.28
3.14

6441

Initial concentration: 5 mg/L
Cd(II); Electrolyte solution: 0.05
M NaCl; Flow rate : 200 mL/min;
pH:6.0
Initial concentration: 5 mg/L
Cd(II); Concentration solution:
0.05 M; Flow rate: 200 mL/min;
Voltage: 45 Volt
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With the increase in the concentration of stripping solution, the separation efficiency was somewhat improved but reduced in higher concentrations.
[29,33]. By reducing of pH the difference in between
the feed solution and the stripping solution at higher
concentrations may result in the reduction of the positive effect of H+ ions on transport. It was established
that the SLM process has a better separation capacity
in higher initial concentration. When used NaCl as
feed solution, a better transport ratio was obtained in
lower pH values. Nevertheless, it is not as good as
the use of HCl in a higher concentration. The use of
HCl in a higher concentration facilitates the formation of chloride complexes of the Aliquat336 and
metal as per the Reac 1-5. Since an increase in the
flow rate would have reduced the thickness of the
fine film layer over the membrane surface, it facilitated the membrane transport of the complex.
Also, an increase in the carrier concentration
gives rise to the increase in the complex formation
and separation efficiency. However, there was no remarkable difference between the efficiencies
achieved for 0.01 M and 0.05 M Aliquat336. This
may have been because of the limited nature of the
membrane surface or an increase in the membrane
viscosity [30,32,34]

Cd(II) concentration in the dilute, (mg/L)

12

6

4

2

0
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240

300

360

Time, (min.)

(c)
Cd(II) concentration in the dilute, (mg/L)

6
35 V
40 V
45 V

5

4

3

2

1
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180
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360
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(d)
Cd(II) concentration in the dilute, (mg/L)

6

(a)
3,5

Cd(II) concentration in the dilute, (mg/L)

8

0

Optimization of the ED process. As the first
step of the optimization studies conducted for separating the Cd(II) ions from aqueous solutions in the
ED process, the limiting current density was established. By operating below the limiting current density, the operating parameters that determine the
overall efficiency of the system such as the applied
voltage, initial concentration and flow rate were optimized (Fig2). By using the experimental data thus
obtained, the separation efficiency, current efficiency, flux and energy consumption for each parameter of the system were calculated. The Table 2 presents the results of the optimization studies conducted for the ED system.

70 mL / min.
100 mL / min.
200 mL / min.

3,0

3 mg/L
5 mg/L
7 mg/L
10 mg/L

10

pH = 3
pH = 4
pH = 5
pH = 6
pH = 7

5

4

3

2

1

0
0
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120

180

240

300

360

Time, (min.)

2,5

FIGURE 2
Graphs of concentration vs. time according to
flow rate (a), initial metal concentration (b), applied voltage (c) and pH (d) on the of the metal
concentration in the dilute solution in the ED
process

2,0

1,5

1,0

With increase in flow rate, the flux, separation
efficiency and energy consumption increase as well.
This may be down to the fact that the increase in the
flow rate reduces the thickness of the fixed layer on
the membrane surface and facilitates the Cd(II) ion
transmission [15,23,35]. Energy consumption also

0,5

0,0
0
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higher pH values, the amount of Cd(II) passing
through the cation exchange membrane may have
been reduced. In the light of the aforementioned data,
it can be argued that pH 6 is the optimum value both
in terms of separation efficiency and energy consumption.

increased due to the fact that the thinning of the
membrane layer reduced the resistance to the passage of current. The current efficiencies for the flow
rates of 100 mL/min and 200 mL/min are closer than
one another. Since the separation efficiency in the
ED system was at its highest, the optimized flow rate
was determined as 200 mL/min.
In proportion with the initial concentration, the
flux of the system (J), number of ions transported
(ᇞ n), energy requirement and current efficiency increased. Since the increase in concentration will reduce the electrical resistance of the solution, it will
facilitate the current transmission and the current efficiency is improved up to certain concentration level
[15]. Due to the fact that is causes concentration polarization in higher concentrations, the current efficiency is likely to drop [24]. Considering the separation efficiency values, it can be argued that the process performance is better in lower concentrations.
In this study, the initial concentration was determined as optimum 5 mg/L.
As the applied voltage increases, the separation
efficiency, flux and the number of ions transported
increase as well. High current density facilitates
overcoming resistance in the membrane and boundary layer [36] The number of ions transported is
fairly less than the increase in the applied voltage.
This indicates that the limiting current density of the
system is about to be reached. If the voltage is increased as close to as the limiting current density, undesirable pH changes may occurs due to hydrolysis
reactions realizing around in electrodes. Then, the
current efficiency can decrease [37]. When operating
close to the limiting current density in the case of ED
processes, the energy consumption increases with
the increase in the applied voltage [23]. According to
the experimental values, the limiting current density
of the system was determined as 0.35 mA/cm2 for a
metal concentration of 5 mg/L, and the voltage at
such current density as 50 V. Operating at a limiting
current density is important and essential in terms of
reducing energy consumption in electrodialysis process and minimizing concentration polarization issues [23]. However, it is likely to achieve the best
current efficiency in the ED processes at the current
values that are close to the LCD value [15]. The optimized value of the applied voltage was determined
as 45 V, which yielded the best efficiency at a limiting current density. In the ED system, flux (J), separation (SP%) and current (CE%) efficiency increase
until pH6. On the other hand, the energy used decreases as the pH increases. At lower pH values, hydrogen ions play a more active role in transporting
the current introduced to the system as compared to
Cd(II). Since the conductivity of the H+ ions are (350
XQLWV KLJKHUWKHUDWLRRI&G ,, LRQV¶FDSDELOLW\WR
utilize the energy introduced to the system is reduced.
As a result, the amount of energy required for transferring the same number of ions increases. Due to the
formation of different complex types of Cd(II) at

TABLE 3
A comparison of the optimal operating conditions of ED and SLM
Parameter

0HPEUDQDODQÕ
(cm2)
Concentrate (ppm)
Flow rate (ml/min)
Operation time
(min)
pH of feed solution
J (mol/cm2.s)
% SP
ᇞn (mol)
%CE
EC (kwatt.h/m3)
Voltage (V)

Supported
Liquid
Membrane
28

Electrodialysis

10

75
80
240

5
200
120

Acid solution at
a high concentration
7.81x10-10
58
39x10-5
-

6
1.70x10-10
85
3x10-5
54
162
45

CONCLUSION
As a result of the studies conducted in the SLM
and ED systems ±both of which are significant systems for separation of metals-, the optimal operating
conditions for separating Cd(II) ions from aqueous
solutions have been identified. Ion separation efficency of these processes are affected from different
operating parameters. Some of such parameters are
PRUH LQIOXHQWLDO RQ WKH V\VWHP¶V VHSDUDWLRQ HIIL
ciency compared to the others. While selecting the
systems, it is highly important to take into account
the properties of the aqueous solution, metal concentration, operating time, separation efficiency, area
and energy requirement. Moreover, it is also desired
that the substances used in the system or those coming out of the system at the end of the process are not
toxic or will not require further treatment. Membrane
is the main component for the both systems. In both
processes, membranes are not used as a means of mechanical filtration but used for chemical selectivity
and to prevent solutions from mixing with each other.
It ensures that ions are preferentially transported
among the solutions. The ED process contains membranes with ion exchange properties, the SLM system, on the other hand, contains membranes that
have special complexation and chemical selectivity
for the substance to be separated from the solution.
When selecting the process, the expectations from
the process should be taken accounted carefully. A
comparison of the results obtained from both systems with respect to the separation of Cd(II) from
aqueous solutions are presented in the Table 3.
When the optimized values obtained from both
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Extraction of cadmium from dilute solution
using supported liquid membrane. Journal of
Hazardous Materials. 172, 773-779.
[5] Marchese, J., Campderros, M. (2004) Mass
transfer of cadmium ions in a hollow-fiber
module by pertraction. Desalination. 164, 141149.
[6] Altin, S., Altin, A., Kahraman, B.F., Alemdar,
S., Alaydin, E. (2015) Removal of Cadmium
Ions from Aqueous Solutions By Microorganisms Of Activated Sludge. Fresen. Environ.
Bull., 24:302-310.
[7] Aziz, H.A., Otham, N., Yusuff, M.S., Basri,
D.R.H., Ashaari, F.A.H., Adlan, M.N., Otham,
F., Johari, M., Perwira, M. (2001) Removal of
copper from water using limestone filtration
technique²determination of mechanism of
removal. Environmental International. 26, 395399.
[8] Kim, C., Zhou, Q.H., Deng, B.L., Thornton,
E.C., Xu, H.F. (2001) Cr6+ reduction by
hydrogen sulfide in aqueous media: stoichiometry and kinetics. Environmental Science
and Technology. 35, 2219-2225.
[9] Yalcin, S., Apak, R., Hizal, J., Afsar, H. (2001)
Recovery of Cu2+ and Cr3+/6+ from electroplating-industry wastewater by ion exchange.
Separation Science and Technology. 36, 21812196.
[10] Cervera, M.L., Arnal, M.C., Guardia, M. (2003)
Removal of heavy metals by using adsorption on
alumina or chitosan. Analytical and Bioanalytical Chemistry. 375, 820-825.
[11] Kadirvelu, K., Faur-Brasquet, C., Le Cloirec, P.
(2000) Removal of Cu2+, Pb2+, and Ni2+ by
adsorption onto activated carbon cloths.
Langmuir. 16, 8404-8409.
[12] Rathore, N.S., Leopold, A., Pabby, A.K.,
Fortuny, A., Coll, M.T., Sastre, A.M. (2009)
Extraction and permeation studies of Cd(II) in
acidic and neutral chloride media using Cyanex
923 on supported liquid membrane. Hydrometallurgy. 96, 81-87.
[13] Azzoug, S., Arous, O., Kerdjoudj, H. (2014)
Metallic ions extraction and transport in
supported liquid membrane using organophosphoric compounds as mobile carriers.
Journal of Environmental Chemical Engineering. 2,154-162.
[14] Bhatluri, K.K., Manna, M.S., Saha, P., Ghoshal,
A.K. (2014) Supported liquid membrane-based
simultaneous separation of cadmium and lead
from wastewater. Journal of membrane science.
459, 256-263.
[15] Lee, G. (2011) Effects of operating parameters
on the removal performance of electrodialysis
for treating wastewater containing cadmium.
Desalination Water Treatment. 35,150-157.
[16] Mohammadi, T., Razmi, A., Sadrzadeh, M.
(2004) Effect of operating parameters on Pb2+

processes are compared, it is observed that the supported liquid membrane processes are efficient for
higher concentrations while the ED processes are efficient for much lower concentrations. It is not possible for the SLM process to perform ion transportation in dilute solutions due to the difficulty of occurrence of interfacial reactions and the inability of the
concentration difference to support ion transportation. That being said, high flux values can neverteless be reached once operated at concentrations consistent with the process. The chemical properties of
the feed and stripping solutions used in the SLM
should be compatible with the carrier agent of the
membrane and the metal complex being transported.
Chemical selectivity is at the forefront of the process.
In the ED processes, however, the transfer of any ion
may vary depending on the ion exchange capability
of the membrane and the specific ion conductivity.
In both processes, the membrane area is important
for the realization of transportation. Except for
chemical selectivity and energy consumption, the
ED process appears to be more advantageous than
the SLM process. However, it may prove costly due
to concentration polarization and increased energy
consumption that may occur on the membrane surface at high concentrations. As a conclusion, it is
possible to use both the ED and SLM processes for
the transportation of Cd(II) ions from a Cd(II) containing solution. The SLM can be recommended if
chemical selectivity is required, and the ED process
can be recommended if the process is to be performed at a lower concentration.
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EFFECTS OF DIFFERENT HUMIC ACID DOSES IN
LEONARDITE ENVIRONMENT ON THE OIL PERCENTAGE
AND FATTY ACIDS OF SUMMER RAPESEED
(BRASSICA NAPUS SSP. OLEIFERA L.) UNDER CENTRAL
ANATOLIAN CONDITIONS
Mehtap Gursoy1,*, Ozer Kolsarici2
2

1
Aksaray University, Guzelyurt Vocational School, Guzelyurt, Aksaray, Turkey
Ankara University, Agriculture Faculty, Field Crops Department, Diskapi, Ankara, Turkey

ABSTRACT

INTRODUCTION

Overuse and unconscious use of agricultural
lands is causing reduction of organic matters in soil
as well as degradation of its chemical structure. The
use of chemical and farm manure, the use of organic,
organo-mineral, soil adjusters and microbial fertilizers improve efficiency and quality of agricultural
production and increase resistance to biotic and abiotic stres. The research was conducted in 2014 and
2015 under Central Anatolian conditions to determine plant ontogenetic phase and effective dose of
humic acid (of 15%) + fulvic acid + K and leonardite
treatments.
The study used 4 treatment doses of humic acid
(0, 5000, 10000 and 20000 ml/ha) at different ontogenetic stages of the plants during 8 leaved rosette
growth (Z1), bolting (Z2) and flowering period (Z3).
The results were compared to control plants. The results showed 40.14% oil on non treated control
plants. Whereas, it rose to 50.85% when 10000
ml/ha of humic acid was applied. While the oil yield
in control plants was 510.1 kg/ha in 2014, it was determined as 709.5 kg/ha when 10000 ml/ha of humic
acid + fulvic acid + K was applied. The highest oleic
acid was 69.55% after applicatiom of 20000 ml/ha.
When the study results were evaluated together, it
was revealed that humic acid+fulvic acid+K and
leonardite increased the oil percentage, oil yield and
fatty acids of the summer rapeseed variety Heros
compared to the plants in control plot.The highest results were generally obtained during the bolting period using 10000 ml/ha treatment. Therefore, it was
determined that the use of humic acid + fulvic acid +
K and leonardite had positive effect on summer rapeseed varietyHeros in terms of the examined parameters.

Rapeseed has high oil percentage, oil yield and
quality oil[14]. Rapeseed, has 38-50% oil and 1624% protein in its seeds. It is also known that the
plant has both summer and winter forms, with short
vegetation period that provide adequate amount of
seed yield (3420 kg/ha), and oil [3, 2]. In the light of
all these facts, appropriate cultivation methods are
equally important as diversity improvement for increasing the efficiency per unit area of the rapeseed.
Overuse of the agricultural lands cause the reduction of organic matters in soils that results in degradation of the physical structure and chemical structure of the soils degrade [15]. It is stated that the
main purpose of the organic fertilizers is to improve
physical and chemical structure of soil and facilitate
harvest of nutrients [6]. One of the most common organic fertilizers is humic + fulvic acids that regulates
pollution induced by chemical fertilizers and pesticides in soil within the appropriate pH range [9] and
also make most micro nutrient elements availableby
the plants [9] aftertreatment of humic + fulvic acids
enables the ventilation and hydration of the soil, development.
In addition, the use of leonardite with organic
quality which has the capacity to improve the physical, chemical and biological structure of the soils offer great advantage [6].
The purpose of this studywas to determine the
effects of humic + fulvic acid + K doses applied during the different developmental periods under the
arid Central Anatolian conditions and in leonardite
environment on the oil percentage and fatty acids of
the summer rapeseed and to identify the most appropriate dosage to be applied and the developmental
period.

KEYWORDS:
Rapeseed, leonardite, humic acid, oil rate, fatty acids
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TABLE 1
Results of the Analysis Conducted on Soil Samples Taken from Experimental Field
Years
2014
2015

Soil Depth
20 cm
40 cm
20 cm
40 cm

N
(%)
0.11
0.12
0.12
0.13

P
(Ppm)
4.04
4.71
8.43
7.09

K
(Ppm)
423.4
462.6
460.1
391.7

pH
7.62
6.77
8.57
8.53

Organic matter (%)
2.14
0.63
1.14
0.88

Lime
(%)
5.92
5.13
5.66
5.59

EC(dS/m)

Texture

0,104
0,150
0,075
0,085

Loamy sand
Loamy sand
Clay
Clay

Reference: Ankara University Agriculture Faculty Plant Nutrition Department (2014 ± 2015)
TABLE 2
Long Year (LY) and 2014-2015 Meteorological Data of Experiment Field*
Months

April
May
June
July
August
Total

LY
11.2
16.0
20.1
23.5
23.2

Monthly Average
Temperature (oC)
2014
13.3
16.2
19.6
25.5
25.7

2015
9.1
17.0
18.4
24.2
23.4

Monthly Total Rainfall
(mm)
LY
2014
2015
49.5
45.0
23.3
51.0
75.8
7.8
36.1
60.3
45.3
14.7
8.2
0.8
11.0
47.4
24.0
162.3
236.7
101.2

Monthly Average Relative Humidity
LY
2014
2015
60.0
53.1
55.2
57.2
61.2
55.0
52.3
57.2
67.5
45.7
40.7
42.4
45.2
42.3
46.7

*: Data (2015) of Turkish Forest and Water Affairs Ministry General Directorate of State Meteorological Service
in Ankara

three replications. Heros summer rapeseed variety
was used in the experiment. In addition, liquid preparation containing humic + fulvic asit (Delta Humate
-15; humic acid (containing %15 humic acid) + fulvic acid + potassium oxide dissolved in water) was
sprayed onto the leaves with a hand pulverization. In
the experiment, treatment times of humic acid (Z1=68 leaved rosette growth after the emergence,
Z2=bolting and Z3= flowering period) were arranged
as corresponding to main plots and humic acid treatment dosages (0, 5000, 10000 and 20000 ml/ha)
were arranged as corresponding to subplots.
The experiment was established along 6 lines
of 2.4m×4m=9.6m2 plots, having 40×15 cm plant
density. Experiment consisted of total 36 plots.
Leonardite was uniformly scattered around the experimental field 600kg/ha on 4 April 2014 during
first year and 3 April 2015 during 2nd year of the
research. Thereafter, the seeds were sown in plots
having 4 m-long rows with 40 cm row spacing on
April 8 2014during first year and 25 April 2015 during 2nd year.First humic acid treatment was done on
10 - 12 May 2014 and 14-16 May during 2015, at 68 leaved period (Z1), 2nd humic acid treatment was
performed on May 20th 2014 and June 15 2015at
bolting (Z2) and 3rd humic acid treatment was performed on June 10th 2014 and June 30 2015 at flowering period (Z3).
Hoeing, weeding and thinning procedures were
performed manually for 3 times. Harvesting was
done manually on August 5, 2014 and August 10,
2015 by extracting 50 cm edge effect from two lines
on the edges and plot corners.

MATERIALS AND METHODS
The research was conducted in 2014 and 2015
IRUWZR\HDUVLQWKH³([SHULPHQWDO5HVHDUFK)LHOG
Department of Field Crops, Faculty of Agriculture,
$QNDUD 8QLYHUVLW\´ 7KH H[SHULPHQW ILHOG LV HYHQ
with altitude of 860 m above sea level. Soil analysis
of the experiment field is given in Table 1 and meteorological data is given in Table 2.
When the soil analysis results are examined, it
can be seen that the soil of the experimental field has
alkaline and non-saline properties, has middle level
of phosphorus and potassium-rich and is insufficient
in terms of organic matter.
Meteorological observations for Long Years
(1926-2014) and 2014-2015 were obtained from the
Turkish Republic, General Directorate of Meteorological Services at Ankara and are provided in Table
2.
Meteorological data showed similarity between
monthly temperature values of 2014 and 2015 and
long year values. Monthly average temperatures during 2014 and 2015 had similar values and changed
between 9.1 oC - 25.7 oC. there was total rainfall of
236.7 mm during 2014 that is quite higher compared
to average of long years (162.3 mm) and 2015 (101.2
mm). The high values of monthly rainfall in May and
June in 2014 are remarkable. There is also a similarity in terms of relative humidity. The monthly relative humidity values changed between 42.3% 67.5%.
The research was conducted on split plots using
randomized complete block experimental design in
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40.14%, it was determined as 50.85% in 10000
ml/da humic + fulvic acid + K treatment during the
6-8 leaved period. Here, the oil percentage also displayed approximately a 10.70% increase compared
to the control. With humic + fulvic acid + K acid
treatment, the values increased and after the 10000
ml/ha dosage a decrease was observed. However, in
2015, higher values were obtained compared to the
values noted in 2014.
It is believed that the oil percentage is higher
because there was less rainfall in 2015. In addition,
the relative humidity values increased, while there
was a decrease in the temperature values. Day et al.,
[5] stated that the oil percentage increased with the
treatment of different doses of humic + fulvic acid +
K acid to sunflower in different times through the
different developmental periods under the Ankara
conditions and reported that they obtained the highest oil percentage of 53.6% with the humic + fulvic
acid + K acid dose of 180 g/da applied during the
miniature floral head growth in the terminal period.
These researches did not use leonardite in their
study. Also, the rainfall value of 2003 when they
conducted the studys was lower than the rainfall values of 2014 and 2015. Temperature and humidity
values are similar to the ones in this study. Therefore, it is assumed that the lower oil percentage resulted from the lack of leonardite usage. In Ergonul
and Basalma >@¶VVWXG\ZKHUHWKH\XVHGOHRQDUGLWH
humic acid and chemical fertilizer, they reported that
the average temperature and relative humidity of
theexperimental years were above the long-year values. They also reported that the highest oil percentage of 45.07% was obtained during the leonardite +
fertilizer treatment and lowest oil percentage of
39.42 % was obtained during the control treatment.
The values obtained in the study are higher than
these researchers. Since the highest oil percentage
was acquired during the 6-8 leaved period in both
experiment years, it is believed that this difference
was resulted from the treatment of humic + fulvic
acid + K acid during the developmental periods of
the plant.

At the end of the research, the oil analysis of
the seeds was conducted in the Laboratory of Ankara
University Agriculture Faculty Field Crops Department and fatty acid analysis was conducted in the
Laboratory of Selçuk University Agriculture Faculty
Field Crops Department.
The data obtained as a result of the observations and measurements done at the end of the research were analyzed by means of MSTAT - C statistical program (MI-USA) and according to the split
plots using randomized complete block experimental
design in three replications repeated over the years.
The significance of the differences between the treatments according to the variation analysis results
were determined by Duncan test.

FINDINGS AND DISCUSSION
Oil percentage (%). Duncan test results regarding the oil percentage of humic + fulvic acid +
K doses applied to summer rapeseed are given in Table 3.
When variation analysis results were evaluated,
significant differences were detected (p<0.05) in oil
percentage in terms of different developmental periods and at p<0.01 level in terms of doses. A significant difference was detected at p<0.01 level in terms
of years × doses interaction. The results of the Duncan test regarding the differences (Table 3) show that
average values for developmental periods in 2014
changebetween 40.73± 47.29 %. While the lowest
values were obtained from the control, the highest oil
percentage of 47.29% was obtained during the bolting period and with 10000 ml/ha treatment. When
compared to control, there occurred approximately a
7 % of increase in the oil percentage. The lowest values during all developmental periods was detected
during the control. With humic + fulvic acid + K
treatment, the values increased and after the 10000
ml/ha dosage a decrease was observed. In 2015,
while the oil percentage of plants in control plot was

TABLE 3
Average Values Related to the Oil Percentage of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Periods in Summer Rapeseed

Years
2014

2015

Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

6-8 leaved
43.04
45.95
46.84
46.69
43.21
44.74
50.85
43.27
45.57 a
2.68

Developmental stages
Bolting
40.73
43.76
47.29
46.11
40.14
45.11
49.93
39.25
44.04 ab

Flowering
41.69
41.80
45.28
43.96
40.15
44.12
49.62
45.26
43.98 b

*: Letters represent the different groups at 1% level of significance using Duncan test
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41.82 cd
43.84 bcd
46.47 b
45.59 b
41.17 d
44.66 bc
50.13 a
42.60 cd
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TABLE 4
Average Values Related to the Oil Yield of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Periods in Summer Rapeseed

Years
2014

2015

Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

Developmental stages
Bolting
527.4 ef
630.4 c
709.5 a
686.5 ab
638.5 a
519.1 e
581.8 cd
613.0 bc
549.8 de
565.9 b

6-8 leaved
549.2 de
654.1 bc
692.0 a
655.1 bc
637.6 a
568.3 cd
632.9 ab
633.0 ab
610.7 bc
611.2 a
4.31

Flowering
510.1 f
571.2 d
656.7 bc
633.2 c
592.8 b
470.4 f
516.5 e
670.6 a
610.4 bc
567.0 b

*: Letters represent the different groups at1% level of significance using Duncan test
TABLE 5
Average Values Related to the Palmitic Acid Rate (%) of Different Doses of humic + fulvic acid +
K Applied During Different Developmental Periods in Summer Rapeseed
Years
2014

2015

Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

6-8 leaved
3.41 k
3.69 f
3.53 h
3.53 h
3.44ijk
3.78 e
3.52 h
3.53 h
3.55
0.031

Developmental stages
Bolting
Õ
4.69 a
3.58 g
3.58 g
3.47 ij
4.69 ab
3.57 g
3.57 g
3.83

Flowering
3.44ijk*
3.57 g
4.66bc
4.54 d
3.44 jk
3.57g
4.66 c
4.54 d
4.05

Average
3.44
3.98
3.92
3.88
3.45
4.01
3.92
3.88

*: Letters represent the different groups at 1% level of significance using Duncan test

670.6 kg/ha was acquired in 10000 ml/ha dosage and
during the bolting period. Unlike the oil rate, the oil
yield values are generally higher in 2014. It is believed that the higher rainfall rate in 2014 had an increasing effect on the oil yield. While it increased the
oil yield, it caused an adverse effect on the oil rate.
Mylonas and Mccants [12] conducted a laboratory
study by using tobacco seeds with organic matter
with trade name Aqua Humus composed of humic
acid + fulvic acid + K. The used humic acid doses
(0, 10, 25, 50, 75, 100, 250 500 1000 mg/l). In each
Petri plate, they measured the number of roots and
root length of randomly selected 3 seeds on the 10th,
14th and 17th days. Compared to control, they observed that humic acid increased the number of
rootsand root length. They detected that number of
roots and length especially increased in the dose of
100 mg/l. Ozturk et al. [13] reached the highest raw
oil yield of 936.0 kg/ha in their summer rapeseed
study and reported that the oil yield decreased as the
sowing time passed. It is assumed that this situation
can be the result of difference between climate and
soil factors. In this study, it is also determined that
humic + fulvic acid + K have oil yield increasing
properties.

Oil yield (kg/ha). Duncan test results regarding
the oil yield of humic + fulvic acid + K doses applied
to summer rapeseed are given in Table 4.
In terms of oil yield, significant differences
were noted between years according to the variation
analysis results. The difference was observed at
p<0.01 level in terms of developmental periods and
at p<0.01 level in terms of doses. The difference was
observed at p<0.05 level in terms of years × developmental periods interaction and at p<0.01 level in
terms of years × doses. Developmental periods ×
doses interaction was significant for oil yield at
p<0.01 level. Years × developmental periods ×
doses interaction was significant for oil yield at
p<0.01 level. When the Table 4 containing the Duncan test results regarding the oil yield is examined, it
was seen that the values in terms of doses are between 510.1 ± 709.5 kg/ha in 2014. The lowest value
of 510.1 kg/ha was acquired fromthe control treatment and flowering period. The highest value of
709.5 kg/ha was acquired in 10000 ml/ha dosage and
during the bolting period. In 2015, the values
changed between 470.4- 670.6 kg/ha. The lowest
value of 470.4 kg/ha was also acquired on the control
treatment and flowering period. The highest value of
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Fatty acids. Results of the variance analysis of
fatty acids of summer rapeseed treated with humic +
fulvic acid + K during different developmental periods in 2014 and 2015 are given under separate parts
for each examined fatty acid.

4.69 % was observed in bolting period and
with 5000 ml/ha dosage. In 2015, the second year of
the experiment, the palmitic acid rate increased
1.25% in comparison to the control. In both years,
5000 ml/ha of humic + fulvic acid + K applied during the bolting period increased the palmitic acid
rates compared to the ones in the control treatment.
In 2014, the values increased during 6-8 leaved period and bolting period, up until the 5000 ml/ha dose,
after then they showed decline. In flowering period,
however, they increased until the dose of 10000
ml/ha and then declined. The situation was the same
in 2015. In terms of palmitic acid, we obtained the
highest values during the 6-8 leaved period and bolting period with 5000 ml/ha and during flowering period with 10000 ml/ha. In the study they conducted
on the growth of corn plant and its nitrogen intake
with a humic matter obtained from agricultural and
industrial rapeseed, castor and linen plants, [8] determined that protein content of the corn plant increased in all doses. In this study, especially during
the flowering period palmitic acid rate also increased
until the dose of 10000ml/ha and then started to decline. It is assumed that this was the effect of humic
acid + fulvic acid + K and leonardite.

(1) Palmitic acid (%). Duncan test results regarding the palmitic acid rate of humic + fulvic acid
+ K doses applied to summer rapeseed are given in
Table 5.
Variance analysis results regarding the palmitic
acid rate showed difference at p<0.01 level in terms
of developmental periods and p<0.01 in terms of
doses. A significant difference was observed at
p<0.01 level in terms of years ×developmental periods interaction and at p<0.05 level in terms of years
× doses. A significant difference was observed at
p<0.01 level in terms of developmental periods ×
doses interaction and at p<0.05 level in terms of
years × developmental periods × doses. When the
Duncan test results (Table 5) is examined, it is seen
that the average values in terms of developmental periods change between 3.41- 4.69 % in 2014. The
lowest value of 3.41% was observed in control treatment during 6-8 leaved period. The highest value of
4.69 % was observed in bolting period and with 5000
ml/ha dosage. Compared to the control, the palmitic
acid rate increased 1.28 %. In 2015, the values
change between 3.44- 4.69 %. The lowest value of
3.44% was observed in control treatment during 6-8
leaved and flowering periods. The highest value of

(2) Palmitoleic acid (%). Duncan test results
regarding the palmitoleic acid rate of humic + fulvic
acid + K doses applied to summer rapeseed are given
in Table 6.

TABLE 6
Average Values Related to the Palmitoleic Acid Rate (%) of Different Doses of humic + fulvic acid +
K Applied During Different Developmental Stages in Summer Rapeseed

Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

6-8 leaved
0.18 g
0.26 e
0.24 ef
0.19 g
0.22 c
0,013

Developmental Stages
Bolting
0.08h
0.26 e
0.28 d
0.49 a
0.28 b

Flowering
0.38 b*
0.24 f
0.23 f
0.33 c
0.29 a

Average
0.21c
0.25 b
0.25 b
0.34 a

*: Letters represent the different groups at 1% level of significance using Duncan test
TABLE 7
Average Values Related to the Stearic Acid Rate (%) of Different Doses of humic + fulvic acid +
K Applied During Different Developmental Stages in Summer Rapeseed
Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

6-8 leaved
2.50 f
2.03 Õ
2.36 g
3.34 d
2.56 c
0,050

Developmental Stages
Bolting
3.54 c
2.30 h
2.37 g
3.29 e
2.87 b

Flowering
3.57 c*
3.65 b
4.42 a
3.64 b
3.82 a

*: Letters represent the different groups at 1% level of significance using Duncan test
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Average
3.20 b
2.66 d
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TABLE 8
Average Values Related to the Oleic Acid Rate (%) of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Periods in Summer Rapeseed

Years
2014
2015
Average
LSD 5%

Control
69.55 a*
68.44 ab
69.00
1.107

5000 ml/ha
68.07 b
69.12 ab
68.60

Doses
10000ml/ha
68.34 ab
69.39 a
68.86

20000ml/ha
69.04 ab
69.55 a
69.29

Average
68.75
69.12

*: Letters represent the different groups at`5% level of significance using Duncan test
doses applied in the study conducted by using
Dinçer, Yenice, Remzibey safflower types and humic acid having the trade name of Delta Plus 15 (150
g/l humic acid + 30 gl/l potassium oxide) had positive effect in terms of seedling height. It has been
observed that the leonardite, humic + fulvic acid + K
had improving effect in terms of stearic acid.

With regard to palmitoleic acid, the difference
was observed at p<0.01 level in terms of developmental periods and at p<0.01 level in terms of doses.
In terms of developmental periods, difference was
detected at the level of p<0.01. When the Duncan
test regarding the averages (Table 6) is examined, it
is seen that the values changed between 0.08- 0.49
% in terms of developmental periods × doses interaction. The lowest value of 0.08 % was observed in
control treatment during the bolting period. The
highest value of 0.49 % was observed in bolting period and with 20000 ml/ha dosage. In terms of palmitoleic acid, humic acid treatments presented a 0.41
% increase during the bolting period in comparison
to the control treatment. In the study, they conducted
in order to examine the reactions of rapeseed plants
to fulvic acid treatment under water stress, Lotfi et
al. [10] determined that chlorophyll a and total chlorophyll content decreased under water stress. However, they established that, with the humic acid treatment increasing depending on the irrigation treatments, chlorophyll a and total chlorophyll content
also increased. In our study, palmitoleic acid rate
also changed according to the humic + fulvic acid +
K treatments. Conducted treatments increased the
palmitoleic acid rate.

(4) Oleic acid. Duncan test results regarding
the oleic acid rate of humic + fulvic acid + K doses
applied to summer rapeseed are given in Table 8.
When the variance analysis results for oleic
acid is examined, it is seen that there are significant
differences at p<0.05 level in terms of years × doses.
Table 8 including the Duncan test results reveals that
averages in terms of doses changed between 68.07±
69.55% in 2014. The lowest value of 68.07 % was
observed in 5000 ml/ha treatment, while the highest
value of 69.55 % was acquired in the control. In
2015, the values change between 68.44- 69.55 %.
The lowest value of 68.44 % was observed in control
treatment, while the highest value of 69.55 % was
acquired in 20000 ml/ha humic + fulvic acid + K
treatment. In comparision to the control, oleic acid
showed an increase of 1.11% in 20000 ml/ha dosage.
In particular, oleic acid rate increased in 2015 with
humic acid + fulvic acid + K treatment. In the study
they conducted in order to determine the effect of
plant nutrition substances on the quality properties
of safflower seeds under water stress, Mohsennia
and Jalilian [11] arranged the main plots as well-irrigation, irrigation disruption at vegetative growth
stage, and irrigation disruption at reproductive
growth treatment fields. Subplots included the Control (C), Urea (U), Humix as Organic Fertilizer (O),
Biofertilizer ((Nitrokxin (N), Biosulfur (B)),
(Urea+Humix+Nitroxin)
(T1)
and
(Urea+Humix+Bio-sulfur) (T2) as sub plots. Humix
used in the experiement as organic fertilizer contains
(12% folic acid, 68% humic acid and 13-15 % potassium). According to the results of the research, the
highest rate of oleic acid among the total fatty acids
is 13.50 % in T1 treatment when urea is used and
13.68 % when organic fertilizer is used. The highest
oleic acid rate in this study is observed in the
20000ml/ha dosage. In general, oleic acid rate increased together with the increasing humic acid +
fulvic acid + K doses.

(3) Stearic acid (%). Duncan test results regarding the stearic acid rate of humic + fulvic acid +
K doses applied to summer rapeseed are given in Table 7.
The variance analysis results pointed out a difference at p<0.01 level in terms of years × developmental periods. A significant difference was detected at p<0.01 level in terms of years × doses.
When Table 7 is examined, it is seen that the values
changed between 2.03- 4.42 % in terms of developmental stages × doses. The lowest value of 2.03 %
was observed during 6-8 leaved period and with
5000 ml/ha dose. The highest stearic acid rate of
4.42% during flowering period and with 10000
ml/ha dose. Humic + fulvic acid + K treatments during the flowering period increased the stearic acid
rate until 10000 ml/ha dose, after the dose of 20000
ml/ha it started to decline. In addition, the control
dose when evaluated in itself, presented an increase
in stearic acid rate as the developmental periods proJUHVVHG %DúDOPD >@ UHSRUWHG WKDW WKH KXPLF DFLG
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doses applied to summer rapeseed are given in
Table 10.
When the variance analysis were examined,
significant differences were revealed at p<0.01 level
in terms of developmental periods, and p<0.05 level
in terms of doses. A significant difference was also
observed in terms of years × developmental periods
interaction at p<0.05. A significant difference was
detected at p<0.01 level in terms of developmental
periods × doses interaction. When the Duncan test
results regarding the averages (Table 10) is examined, it is seen that averages change between 3.54±
4.22 % in 2014. The lowest linolenic acid rate was
observed during the bolting period. The highest linoleic acid rate of 4.22 % was observed during the
flowering period. In 2015, the values changed between 3.54- 4.23 %. The lowest linolenic acid rate
was observed during the bolting period. The highest
linoleic acid rate of 4.23 % was observed during the
flowering period. The highest values in terms of linolenic acid rate were obtained during the flowering
period in both years. Study results show that the linolenic acid rate increasedalong with the humic + fulvic acid + K treatments applied through the developPHQWDOSHULRGV$NÕQUHPL et al. [1] in the study they
conducted in order to determine the reactions of canola, wheat and green bean plants to the leonardite
treatments, determined that with dry matter supply,
N, P and K intakes increased in all three plants. They
also pointed out that it had significant effect on the S
intake in canola plants. In this study, linolenic acid
rate thatchanged depending on the doses of humic +
fulvic acid + K.

(5) Linoleic asit. Duncan test results regarding
the linoleic acid rate of humic + fulvic acid + K doses
applied to summer rapeseed are given in Table 9.
When the research results were evaluated collectively, significant difference was observed at
p<0.05 level in terms of doses. A significant difference was observed at p<0.01 level in terms of years
× developmental periods interaction and at p<0.05
level in terms of developmental periods × doses.
When the Duncan test results regarding the averages
(Table 9) is examined, it is seen that averages change
between 15.67± 19.19 % in 2014. The lowest value
of 15.67 % was obtained during the flowering period
and in 10000 ml/ha dose and highest value of 19.19
% was obtained during the bolting and the control
application. In 2015, the averages change between
17.08- 18.76 %. The lowest value of 17.08 % was
observed in control treatment during flowering period and with 5000 ml/ha treatment. The highest linoleic acid rate of 18.76 % was observed in control
plot during the 6-8 leaved period. In the study they
conducted in order to determine the effect of plant
nutrition substances on the safflower seeds under
water stress, Mohsennia and Jalilian [11] arranged
the main plots as well-irrigation, irrigation disruption at vegetative growth stage, and irrigation disruption at reproductive growth treatment fields. Subplots included the Control (C), Urea (U), Humix as
Organic Fertilizer (O), Biofertilizer ((Nitrokxin (N),
Biosulfur (B)), (Urea+Humix+Nitroxin) (T1) and
(Urea+Humix+Bio-sulfur) (T2) as sub plots. Humix
used in the experiement as organic fertilizer contains
(12 % folic acid, 68 % humic acid and 13-15 % potassium). According to the research results, they determined that bio-fertilizers increased the linoleic
acid rate.

(7) Arachidic acid. Duncan test results regarding the arachidic acid rate of humic + fulvic acid +
K doses applied to summer rapeseed are given in Table 11.

(6) Linolenic acid. Duncan test results regarding the linolenic acid rate of humic + fulvic acid + K

TABLE 9
Average Values Related to the LinoleicAcid Rate (%) of Different Doses of humic + fulvic acid +
K Applied During Different Developmental Periods in Summer Rapeseed

Years
2014

2015

Doses
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Control
5000 ml/ha
10000ml/ha
20000ml/ha
Average
LSD(1%)

6-8 leaved
18.56 abcd
17.34 cd
17.39 c
17.48 bcd
18.76 abc
17.70 bcd
17.50 bcd
17.17 d
17.75
1,243

Developmental Stages
Bolting
19.19 a
18.01 abcd
17.73 abcd
17.48 bcd
18.41 abcd
18.33 abcd
18.03 abcd
17.87abcd
18.13

Flowering
18.83 abc*
17.43 bcd
15.67 e
18.76 abc
17.50 bcd
17.08 d
18.44 abcd
17.75abcd
17.68

*: Letters represent the different groups at`1% level of significance using Duncan test
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Average
18.85
17.59
16.92
17.90
18.27
17.70
17.99
17.59

© by PSP

Volume 26 ± No. 11/2017 pages 6447-6456

Fresenius Environmental Bulletin


TABLE 10
Average Values Related to the Linolenic Acid Rate of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Stages in Summer Rapeseed
Developmental Stages
Years
Average
6-8 leaved
Bolting
Flowering
3.73b
3.54d
4.22a*
3.83
2014
3.70c
3.54d
4.23a
3.82
2015
3.72 b
3.54c
4.23 a
Average
0.01811
LSD 5%
*: Letters in column and rows represent the different groups at`5% level of significance using and Duncan test
respectively.
TABLE 11
Average Values Related to the Arachidic Acid Rate of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Stages in Summer Rapeseed
Developmental periods
Doses
6-8 leaved
Bolting
Flowering
0.01 h
0.01h
0.89a*
Control
0.01 h
0.45f
0.23 g
5000 ml/ha
0.44 f
0.45f
0.78c
10000ml/ha
0.52 e
0.58d
0.88 b
20000ml/ha
0.24 c
0.37 b
0.70 a
Average
0.01110
LSD(1%)
*: Letters represent the different groups at`5% level of significance using Duncan test

Average
0.30c
0.23 d
0.56 b
0.66 a

TABLE 12
Average Values Related to the Erusic Acid Rate of Different Doses of humic + fulvic acid + K Applied
During Different Developmental Stages in Summer Rapeseed
Developmental periods
Doses
6-8 leaved
Bolting
Flowering
0,053 a
0,049 ab
0,045 abc*
Control
0,049 ab
0,038 c
0,048 ab
5000 ml/ha
0,042 bc
0,040 bc
0,046 abc
10000ml/ha
0,044 abc
0,042 bc
0,049 ab
20000ml/ha
0,047
0,047
0,048
Average
0.0086
LSD(1%)
*: Letters represent the different groups at`1% level of significance using Duncan test

Average
0,049 a
0,045 ab
0,043 b
0,045 ab

mic acid treatment increasing depending on the irrigation treatments, chlorophyll a and total chlorophyll content also increased. In our study, arachidic
acid rate also changed according to the humic + fulvic acid + K treatments.

When the variance analysis for arachidic acid
is interpreted, it is seen that there is a significant difference at p<0.01 level in terms of doses and in
terms of developmental stages × doses interactions
Duncan test results (Table 11) show that averages
change between 0.01± 0.89 % in terms of developmental periods. The lowest value of 0.01 % was observed during 6-8 leaved period and with 5000 ml/ha
dose. Likewise, 0.01 % value was also obtained during the bolting period and control treatment. The
highest arachidic acid rate of 0.89 % was observed
during the flowering period and in the control. In the
study they conducted in order to examine the reactions of rapeseed plants to fulvic acid under water
stress, Lotfi et al. [10] determined that chlorophyll a
and total chlorophyll content decreased under water
stress. However, they established that, with the hu-

(8) Erusic Acid. Duncan test results regarding
the erusic acid rate of humic + fulvic acid + K doses
applied to summer rapeseed are given in Table 12.
When the variance analysis results for erusic
acid is examined, it is seen that there are significant
differences at p<0.01 level in terms of doses. A significant difference was detected at p<0.01 level in
terms of developmental periods × doses. When Table 12 is examined, it is seen that the values changed
between 0.038± 0.053% in terms of developmental
stages × doses. The lowest erusic acid rate of 0.038%
was observed during the bolting period and in 5000
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ml/ha dose, while the highest erusic acid rate of
0.053% was obtained during the 6-8 leaved period in
the control. In rapeseed plant, high amount of erusic
acid is not desirable. According to the data acquired
at the end of the study, erusic acid rate is higher during the 6-8 leaved and bolting period in the control
treatment than the other doses. Accordingly, it is assumed that humic + fulvic acid + K has reducing effect on the erusic acid. In the study they conducted
in order to examine the reactions of rapeseed plants
to fulvic acid treatment, Lotfi et al. [10] used 0, 300,
600 mg/l fulvic acid. They reported that anti-oxidant
enzyme activity increased significantly with the fulvic acid treatment according to their results. In this
study, a preparation containing humic acid + K was
used as well as fulvic acid. As a result erusic acid
rate also changed according to the humic + fulvic
acid + K treatments.

RESULT
When we generally review the study results, we
assume that leonardite, humic acid + fulvic acid + K
has positively increasing effect on the oil rate, oil
yield and examined fatty acids of the rapeseed plant.
The use of leonardite with the humic acid + fulvic
acid + K resulted in an increase in the examined
properties of the summer rapeseed varietyof Heros
when compared to the ones in which it is not used.
In addition, the differences between the climate and
soil conditions of the both experiment years caused
differentiation between the years as well. Consequently, it was determined that among the doses applied to the summar rapeseed varietyHeros, 10000
ml/ha dosage and among the treatment periods, the
bolting period provided the best possible results.
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COMPARISON OF ARDUINO BASED INEXPENSIVE
COLORMETERS EFFECTIVENESS AT SOME
AGRICULTURAL PRODUCTS
Abdullah Beyaz*
*Department of Agricultural Machinery and Technologies Engineering, Faculty of Agriculture, Ankara University,
$\GÕQOÕNHYOHU$QNDUa/Turkey

Technology usage helps us different processes
in agriculture such as robotic systems for production
control, automatic harvesting systems, sorting machine systems, packaging systems, grading and identification of agricultural products, etc.
Color measurements have been done with professional spectrometers in laboratories. And they are
not useful for field measurements. But on the field,
we need more lite weight and cheap equipment with
acceptable errors. Also, it is stressed in the literature.
For example, Seelye et al. [8] worked on a lowcost color sensor for monitoring plant growth in a laboratory. Two hundred color readings were taken
(and averaged) by them using the TCS3200 color
sensor, followed by 20 readings (averaged) by the
CM-700D for each color chart. They put up the
JDPPDFDOLEUDWLRQIDFWRUVDV 5HG Ȗ5  with
15.819 *UHHQ Ȗ*  %OXH Ȗ% 59. He also
tells that there was a vast improvement across the 3colour components (RGB), with the average red error improving to 5.69%, green 3.19% and blue
3.92%.
Chen et al. [7] studied on portable multi-RGB
color sensor measurement device for led ceiling
light. In their study, they reported that the color
matching function of the analog output of RGB color
sensor provides correct measurement results, rapidly. Their experimental results show that the accuracy of correlated color temperature measurement is
better than ±5%. They also show that the advantages
of their device as real-time, compact, fast analysis
and multi-RGB color sensor.
Agudo et al. [1] in their study used
TCS3414CS color sensor with an Arduino based
system for capturing, processing and color management. They develop a distinct software in Matlab for
determination of linearity of chromatic channels and
also the accuracy of color measurements for this application. Agreeing to their outcomes, they stated
their system showed that acceptable accuracy values,
although obviously do not achieve the levels obtained with the other scientific instruments. They
found 0.005 chromaticity error and 0.03 relative tristimulus error at lower average chromaticity error;
also 0.03chromaticity error, 0.04 relative tristimulus
error at lower average tristimulus error. Besides,
they underlined that for the price difference they present a secure, low-cost option.

ABSTRACT
The color sensing is very important for agricultural applications. Because of this reason, in this paper effectiveness of some low-cost color sensors
have been determined with using an expensive spectrometer. By this way, comparison of these low costs
color sensors has been done. At the end of this
comparison, calibration factors have been evaluated.
This calibration factors showed the effectiveness of
these low-cost color sensors. TCS3200, ColorPal
28380 and TCS34725 sensors have been selected for
experiments. All of these sensors has its light source,
and these are all LED lights sources. Color sensors
are used in different industries and industrial applications. One of this industry is agriculture industry.
These low-cost color sensors can be used in different
applications in agriculture such as sensing for
automation or sorting systems, color determination
of developing plants, variety determination, etc.
These applications show us the significance of lowcost color sensors at agricultural applications. For
this aim different color measurements have been
done for each color channel of color sensors at one
color material surfaces and agricultural products.
Average of these color values accepted as the main
color value. Statistical evaluations of the measures
have been presented in the results section of the research.

KEYWORDS:
Color Analysis, Colormeter, Color Sensors, Color Detection, Apple, Plum

INTRODUCTION
Agricultural production is growing. So lots of
applications developing for agricultural production.
Color measurement has an important place in these
applications. Widespread of new electronic technologies at agricultural processes provide good incomes. These new technologies give us a chance for
precision and fast applications at agriculture which
people cannot do. This condition also gives us new
production performances.
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quantity of light reflected from the sample under illumination from each red, green, and blue LED can
be used to determine the saPSOH¶V FRORU ColorPal
has some essential characteristics; it detects a broad
range of colors, and outputs data as RGB
(Red/Green/Blue) components [2].
The TCS3200 and ColorPAL (Parallax
#28302) are both capable of detecting colors in the
RGB color space. The ColorPAL is designed as an
inexpensive sensor for hobby and educational use,
whereas the TCS3200 also finds use in professional
and OEM color detection applications.
The TCS3472 device provides a digital return
of red, immature, blue (RGB), and clear light is
sensing values. An IR blocking filter, integrated onchip and localized to the color sensing photodiodes,
minimizes the IR spectral component of the
incoming light and allows color measurements to be
produced accurately. The high sensitivity, full
dynamic range, and IR blocking filter make the
TCS3472 an ideal color sensor solution for use under
varying lighting conditions and through attenuating
materials. The TCS3472 color sensor has a broad
scope of applications including RGB LED backlight
control, solid-state lighting, health/fitness products,
industrial process controls and medical diagnostic
equipment. In summation, the IR blocking filter
enables the TCS3472 to perform ambient light
sensing (ALS). Ambient light sensing is widely used
in display-based products such as mobile phones,
notebooks, and TVs to sense the lighting
environment and enable automatic display
brightness for optimal viewing and power savings.
The TCS3472, itself, can introduce a lower-power
wait state between the light sensing measurements to
further cut the average power use of goods and
services [3].
The Figure 2 will help to illustrate the photodiode spectral responsivity of TCS3200, ColorPal
28380 and TCS34725 color sensors, as an aid to selecting the proper one for a given application.

The purpose of this research determination low
- cost colormeter measurement errors with calibration factors and effectiveness of them for some agricultural color measurement applications. For the examinations, inexpensive color sensor TCS 3200,
ColorPal 28380 and TCS34725 VHOHFWHGDQGLWV¶UH
sults compared with a portable professional spectrometer X-Rite Ci60. The calibration factors for
these sensors are presented, and its deviations was
found. Comparative results have been evaluated statistically and present in the results and discussion
sections of the research.

MATERIALS AND METHODS
Materials. (1) Low-Cost Color Sensors.
There LVQ¶WWoo much models low-cost color sensors
in production, and other professional sensors are also
expensive. By the way low-cost color sensors widespread in the world. Because of this reason, we necessitate knowing working efficiency of these limited type cheap color sensors. In this research three
different color sensors used. These sensors are
TCS3200, ColorPal 28380 and TCS34725 (Fig. 1).
One of these inexpensive color sensors
producers is Parallax (Parallax Inc, CA, USA). TCS
3200 color sensors are provided by them to the
World markets.
The TCS3200 use of a TAOS TCS3200 RGB
light to frequency chip also it has four White LEDs
for illumination of the target object. It measures the
reflectance of these lights from the target object and
according to the source codes gives an RGB value of
the measurement.
For sensing color, the ColorPAL uses its LED
to illuminate a sample, one color component at a
time, along with a broad-spectrum light-to-voltage
converter to measure the light reflected back. The

FIGURE 1
Parallax TCS3200 (a) and Parallax ColorPal 28380 (b) TCS34725 (c) low cost color sensors
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(b)

(a)

(c)
FIGURE 2
Photodiode spectral responsivitiy of TCS3200 (a), ColorPal 28380 (b) and TCS34725 (c) color sensors
[2]
a USB connection for PC, a power jack for external
power, an ICSP header and a reset button (Fig. 3).
It supports whatever we needed to a microcontroller; it is only connected to a computer by using a
USB cable. At the same time, it is possible to power
it with an AC to DC adapter or battery [5].
In this application this board used with these
three color sensors by coding the microcontroller on
it. Also HCͲ05 Bluetooth module has been added for
data transfer.
HCͲ05 Bluetooth module is an easy to use
Bluetooth SPP (Serial Port Protocol) module, designed for transparent wireless serial connection
setup. Serial port Bluetooth module is fully qualified

We use these sensors with some source codes
integrating our measurement systems. For this aim
Arduino UNO R3 development cards used with
some source codes. Also bluetooth 2.0 technology
have been used for transforming wireless color
measurement data. By the way, measurements became very easy with the use of a mobile device. The
data have been sent and recorded at this mobile device. Then these record data used for evaluations.
(2) Arduino UNO R3. The Arduino UNO R3
is an ATmega328 microcontroller based board. It has
14 digital input and output pins. 6 of them can be
used for PWM outputs. It also has six analog inputs,
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Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps
Modulation with complete 2.4GHz radio transceiver
and baseband. It uses CSR Bluecore 04ͲExternal single chip Bluetooth system with CMOS technology
and with AFH (Adaptive Frequency Hopping Feature). It has the footprint as small as 12.7 x 27 mm.

The measurement data has been obtained from
a terminal software Blueterm 2 on mobile device.
The Blueterm 2 software gives us a communication
chance with a serial communication protocol development board with Bluetooth device like HC-05 for
data transfer. Also, it records the data to the mobile
device as a text file.

FIGURE 3
Arduino UNO R3 [4]

FIGURE 4
X-Rite Ci60 portable spectrometer and calibration plate
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TABLE 1
Technical specs of X-Rite Ci60 spectrometer [6].
Properties
Measurement Geometrics
Receiver
Light Source
Illuminant Type
Standard Observer
Spectral Range
Spectral Interval
Measurement Range
Measuring Time
Inter-Instrument Agreement (Ci60)
Short-term Repeatability (Ci60)
Measurements Per Charge
Data Interface
Operating Temperature Range
Dimensions
Weight
Usage
Altitude
Pollution Degree

Explanations
d/8°, DRS spectral engine, choice of optical aperture:
4 mm measurement area/6.5 mm target window
8 mm measurement area/14 mm target window
14 mm measurement area/20 mm target window
Blue-enhanced silicon photodiodes
Gas-filled tungsten lamp
A, C, D50, D55, D65, F2, F7, F11, and F12
2° and 10°
400 nm ± 700 nm
10 nm ± measured, 10 nm ± output
0 to 200% reflectance
Approx. 2 seconds
CIE L*a*b*:
$YJǻ( DEEDVHGRQ$YJRI%&5$6HULHV,,WLOHV
(Specular component included)
0D[ǻ( DERQDQ\WLOH VSHFXODUFRPSRQHQWLQFOXGHG)
ǻ( DERQZKLWHFHUDPLF VWDQGDUGGHYLDWLRQ
1,000 measurements typical
USB 2.0
50° to 104°F (10° to 40°C) 85% relative humidity maximum (non-condensing)
´+ FP ´: FP ´/ FP
2.32 lbs. (1.05 kg)
Indoor only
2000 m
2

FIGURE 5
Red, green, blue plates

FIGURE 6
Low cost color sensor measurement units
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FIGURE 7
Color measurement with X-Rite Ci60

FIGURE 8
Granny Smith apple and Starkrimson apple Samples
TABLE 2
Red plate color measurements

Red Plate

Color

TSC3200
(Uncalibrated)
RN GN BN
99
44 55
99
43 55
99
45 55
101 45 58
99
45 57
98
46 56
100 45 57
98
45 56
98
45 55
90
44 55
103 46 58
100 46 57
100 46 57
97
45 56
97
43 54
97
45 56
98
46 56
98
44 56
100 46 56
98
45 57

TCS3200 (Cali- ColorPal 28380 ColorPal 28380 TCS34725 (Unbrated)
(Uncalibrated)
(Calibrated)
calibrated)
RN GN BN RN GN BN RN GN BN RN GN BN
144 72 82 153 64 61 148 74 84 104 12 23
152 71 82 155 64 62 158 74 85 122 15 29
150 76 83 150 64 62 151 76 86 152 22 38
154 77 89 150 64 61 152 77 86 117 14 28
151 76 87 150 65 62 152 77 87 146 20 38
148 78 85 151 65 63 152 78 88 123 16 29
152 77 86 151 64 62 153 77 86 112 16 27
148 76 85 151 65 63 152 77 88 142 20 37
149 76 84 152 65 63 154 77 89 131 20 35
137 75 83 151 65 63 153 78 88 130 17 30
156 78 88 150 64 62 151 77 86 144 19 36
151 78 86 151 65 62 152 78 86 117 15 28
152 78 86 151 64 62 153 77 86 118 15 28
148 77 86 151 64 62 153 77 87 120 15 29
148 72 81 152 62 61 154 73 84 137 16 29
147 77 85 150 64 62 151 77 86 128 17 19
149 79 86 150 64 62 152 78 87 124 16 31
148 75 85 150 63 62 151 76 86 129 15 29
151 78 85 150 64 62 151 77 86 115 14 26
148 78 86 147 65 63 148 79 88 114 16 29

6462

TCS34725
(Calibrated)
RN GN BN
104 42 53
160 52 67
196 77 88
153 51 66
190 71 89
160 58 67
147 58 63
184 71 85
171 71 82
170 61 70
186 68 83
152 54 65
154 54 65
157 54 68
178 56 67
166 61 45
162 58 73
167 54 67
149 51 61
148 58 67

X-Rite Ci60
Spectrometer
R
G B
148 73 84
148 73 84
146 75 85
147 76 86
147 75 86
146 76 85
147 76 85
146 75 85
147 75 86
147 76 85
146 76 85
146 76 85
147 76 85
147 76 86
147 74 84
146 76 85
147 77 86
146 76 85
146 76 85
146 77 85
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the dark room. TCS3200, ColorPal 28380 and
TCS34725 low-cost color sensors has its light
sources for clarification of a target surface, so these
led light sources prevent out any potential shade effect. Also, it is set into a box for eliminating
environmental light effect like X-Rite Ci60 spectrometer dark room principle. TCS 3200 and ColorPal 28380 and TCS34725 colormeters used with a
development board call Arduino UNO. Color data
obtained from TCS 3200, ColorPal 28380 and
TCS34725 color sensors according to the Arduino
source code by usingATmega328 microcontroller
(Fig. 6).
At first to determine the accuracy of TCS3200,
ColorPal 28380 and TCS34725 color sensors; XRite Ci60 spectrometer was calibrated. X-Rite Ci60
spectrometer was calibrated ZLWK LWV¶ FDOLEUDWLRQ
plate, and then three color measurement was taken
from each 20 samples. An average of 3 measurements has been accepted as a real color value. 4000
µ/DE¶FRORUUHDGLQJKDVbeen done by using X-Rite
&LVSHFWURPHWHU )LJ 7KHQWKHVHµ/DE¶FRORU
readings were changed in to RGB color values for
the objective comparing.

The measurement unit also support with 9V
battery. This power supply helped to use the measurement unit mobile and free measurements.
(3) X-Rite Ci60 Portable Spectrometer. The
Ci6x family of portable spectrometers (Ci60, Ci62,
Ci64 & Ci64UV) has given fast and reliable solution
for determining color at any stage of production (Fig.
4). The Ci6x Series gives us a chance for color management easy, portable with the efficient process of
quality control and reduced operating costs. With the
many choices of product family software, it gives the
ability for all sizes of color measurements. Likewise,
with this stable measurement system repeatable performances can be executed. This makes the Ci6x series a decent resolution for a broad scope of agricultural applications. The technical properties of the
spectrometer can be seen in Table 1.
Methods. (1) System Design and Calibration. First of all, primary colors have been detached
by using these low-cost color sensors. Because RGB
color space model defines a combination of primary
colors Red, Green, and Blue. First of all, red, green
and blue color plate measurements have been done
with all devices to get RGB color measurement
efficiency (Fig. 5).
TCS3200 is placed in 50 mm above the target
object, ColorPal 28380 is placed directly the target
object surface and TCS34725 color sensors is placed
in 20 mm above the target object, so they are not in
direct contact with the plates and agricultural
products. Also, X-Rite Ci60 spectrometer fully contacted with the target object, because it has owned

(2) Measurements. After that Granny smith
apple, Starkrimson apple, and Plum color measurements have been done (Fig. 7). 20 samples selected
and 50 measurements have been managed for each
target object. Then 50 measurements averaged and
accepted as a result of each sample (Fig. 8). Totally
20000 RGB color measurements have been done by
using TCS3200, ColorPal 28380 and TCS34725
color sensors.

TABLE 3
Green plate color measurements

Green Plate

Color

TSC3200
(Uncalibrated)
RN GN BN
46 74 63
49 72 64
48 72 64
46 72 63
45 72 62
50 73 64
51 74 66
48 72 63
50 72 63
49 73 64
50 72 64
49 72 63
49 72 64
49 73 64
51 70 63
48 71 62
49 72 63
48 71 63
51 74 61
50 74 65

TCS3200 (Calibrated)
RN
61
76
74
62
62
76
80
71
76
73
76
73
74
72
75
72
74
72
79
78

GN
138
137
137
136
138
138
141
134
136
135
136
134
135
135
132
132
135
134
139
141

BN
100
104
104
101
101
104
108
100
102
101
103
100
102
101
102
98
101
102
100
106

ColorPal
28380 (Uncalibrated)
RN GN BN
34 106 88
44 106 91
45 107 96
34
96 79
38 110 93
41 101 86
44 103 92
42 100 90
41 95 83
40 100 85
39 93 81
39 94 83
40 94 84
39 89 79
37 90 81
33
81 72
35
83 73
40
95 82
39
90 79
44 104 81

ColorPal 28380
(Calibrated)

TCS34725
TCS34725 (Cal(Uncalibrated)
ibrated)

RN
52
77
79
53
59
71
78
70
71
68
68
66
69
65
62
57
61
69
69
78

RN
64
67
67
62
60
59
58
59
62
70
75
73
72
73
72
73
77
70
71
70

GN
134
135
137
123
141
130
133
126
122
126
120
119
120
113
116
104
107
122
116
134
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BN
96
102
107
88
104
97
104
98
93
93
91
91
93
87
91
80
82
92
90
92

GN
124
121
121
125
126
126
126
127
123
120
117
119
119
118
119
119
116
120
119
120

BN
76
76
75
76
76
76
76
76
76
74
73
74
74
74
74
74
73
74
74
74

RN
57
69
69
56
55
61
61
58
64
69
76
72
72
71
70
72
77
70
73
73

GN
135
134
134
137
140
139
140
137
135
130
129
129
130
127
131
129
127
132
131
134

BN
104
107
106
105
107
107
108
104
106
102
102
102
103
102
103
102
101
103
104
104

X-Rite Ci60
Spectrometer
R
61
72
72
62
63
71
73
68
71
69
71
69
70
68
68
69
70
70
72
73

G
129
131
131
130
132
131
132
128
130
128
130
128
129
127
130
128
129
130
130
132

B
96
99
99
97
99
99
100
96
98
96
98
96
97
96
98
96
97
98
99
99
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TABLE 4
Blue plate color measurements

Blue Plate

Color

TSC3200
(Uncalibrated)
RN GN BN
60 95 131
57 90 126
62 93 126
61 91 125
61 93 126
60 94 127
61 94 129
60 93 128
60 94 128
59 93 128
60 94 129
60 94 128
60 94 130
57 90 125
57 89 124
56 90 124
57 90 125
58 90 124
57 89 124
57 90 126

TCS3200 (Calibrated)
RN GN BN
60 129 154
50 118 146
64 127 149
61 124 147
61 126 149
61 128 150
62 128 153
60 126 151
61 128 151
58 126 150
60 128 153
61 128 152
60 128 153
54 119 144
51 118 145
50 119 145
50 118 146
52 119 145
52 118 145
50 118 146

ColorPal 28380
(Uncalibrated)
RN GN BN
57 110 247
54 109 243
58 110 249
56 111 243
56 105 234
50 97 216
56 109 240
55 105 235
53 105 232
52 102 227
53 104 230
60 117 256
51 104 232
47 100 225
49 100 229
49 101 228
52 108 241
53 108 239
50 101 224
52 107 237

ColorPal 28380
(Calibrated)
RN GN BN
59 122 149
49 117 144
61 122 151
58 123 147
58 116 142
52 108 131
59 121 146
57 116 142
55 116 140
53 112 137
55 115 140
63 129 155
53 115 140
46 108 133
46 108 137
46 109 137
47 115 144
49 116 143
47 109 134
47 114 141

TCS34725
(Uncalibrated)
RN GN BN
57 99 108
56 99 109
56 99 108
57 99 108
57 99 108
59 98 107
57 99 108
69 96 101
59 98 107
61 98 106
54 99 109
53 99 109
55 99 108
59 98 107
59 98 107
64 97 105
67 96 103
78 93 97
68 96 103
79 95 100

TCS34725
(Calibrated)
RN GN BN
45 129 153
39 125 152
45 130 154
45 129 153
45 129 154
47 128 152
46 129 154
54 125 143
47 128 152
47 127 149
43 129 155
42 129 155
43 129 153
44 124 148
42 124 150
45 123 147
46 121 145
55 118 137
49 122 145
54 120 140

X-Rite Ci60
Spectrometer
R
G
B
68 142 171
60 137 168
70 143 172
68 142 171
68 142 172
69 142 171
69 142 172
68 142 171
69 142 171
67 141 170
68 142 172
69 142 172
68 142 171
64 138 167
61 138 169
61 138 169
59 137 169
61 138 169
62 138 169
59 137 168

TABLE 5
Granny smith apple color measurements

Granny Smith Apple

Color

TSC3200 (Uncalibrated)
RN
125
171
121
122
139
141
181
152
159
156
175
175
206
166
166
161
154
156
172
189

GN
115
152
112
111
125
126
151
132
141
140
149
50
174
141
151
141
138
142
142
170

BN
85
106
90
84
92
94
108
96
100
104
110
103
144
106
105
112
101
113
105
151

TCS3200
(Calibrated)
RN
102
133
100
99
111
109
161
131
127
122
149
154
190
138
139
141
129
127
150
153

GN
125
151
124
120
132
127
167
145
147
142
157
73
189
147
161
155
149
150
158
170

BN
87
102
92
85
91
91
113
99
99
99
110
107
145
103
106
114
102
109
109
136

ColorPal
28380
(Uncalibrated)
RN GN BN
93 69 59
106 73 65
94 74 68
92 71 60
98 73 65
95 68 63
130 88 78
121 79 67
97 97 71
82 60 49
121 82 69
120 82 67
153 97 90
107 72 58
101 81 70
123 84 73
99 77 64
107 81 68
136 96 84
123 86 64

ColorPal
28380
(Calibrated)
RN
103
114
103
100
106
100
157
139
107
91
141
144
190
123
118
144
114
119
158
137

GN
132
135
141
133
137
124
172
152
172
116
156
163
189
138
156
163
149
152
182
158

TCS34725
(Calibrated)

X-Rite Ci60
Spectrometer

BN RN GN BN RN GN BN R
G
B
97 94 109 54 139 167 126 142 148 105
104 108 110 56 156 165 129 142 145 104
110 88 112 58 131 172 135 142 151 107
97 98 107 55 141 162 125 139 145 102
103 98 107 54 143 163 124 141 147 103
99 99 105 56 139 154 125 135 138 100
130 99 105 55 167 176 139 168 166 118
111 101 105 53 160 169 129 157 157 110
112 95 109 55 142 168 129 144 150 106
83 98 106 54 142 160 123 140 144 102
114 99 104 54 159 167 131 159 156 111
114 97 107 54 162 178 135 165 165 115
150 99 103 56 177 178 146 180 171 124
97 97 106 53 152 166 125 153 151 106
115 91 111 54 144 177 131 154 158 111
122 99 106 54 161 174 135 161 162 115
107 96 108 54 149 172 131 152 156 110
110 98 107 53 148 168 126 147 153 107
135 101 103 54 165 172 135 162 164 115
106 98 106 55 151 166 131 151 152 108

First, the TCS3200 R, G and B sensor data were
scaled and then the other sensors respectively with
using Equation 2.

In order to calculate an evaluate factor the following equation was applied:
RN'= RNȖ

TCS34725
(Uncalibrated)

(1) [8]
RN=Rx (RN'/Rmax); GN=Gx (GN'/Gmax),
BN=Bx (BN'/Bmax)
(2) [8]

Where: RN'= X-Rite Ci60 (desired RGB value)
RN= TCS3200, RGB ColorPal 28380 and TCS34725
color sensors (uncalibrated sensor data for each sensor)
Ȗ *DPPD FDOFXODWHGFDOLEUDWLRQIDFWRU

Where R max, G max, B max represent the maximum R,
G and B value of target objects from the TCS3200.
The calibration factors Ȗ  IRU HDFK FRORU DQG
color sensors were calculated using normalized data.
(Eq. 3)
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ȖR=log(RN'/255) /log(RN'/255),
ȖG=log(GN'/255) /log(GN'/255),
ȖB=log (BN'/255) /log (BN'/255)

Also, calibration factors were determined for each of
color sensor and their color channels.
(3) [8]
RESULTS AND DISCUSSION

The calibration factors were evaluated and averaged by using a mHDQIRUHDFKPHDVXUHPHQWȖIDF
tor for R, G and B obtained individually. After that,
the calibrated values were obtained from Equation 4.

Table 2 show us uncalibrated and calibrated
low-cost color sensor data of red plate comparison
with X-Rite Ci60 spectrometer measurements.
Table 3 shows uncalibrated and calibrated
RN'(calibrated)=(RN/255)Ȗx255
(4) [8]
cheap color sensor data on green plate comparison
with X-Rite Ci60 spectrometer measurements.
Relations between the experimental result of
Table 4 shows uncalibrated and calibrated lowRGB color plates and agricultural product measurecost color sensor data on blue plate comparison with
ments were evaluated and compared statistically.
X-Rite Ci60 spectrometer measurements.
TABLE 6
Starkrimson apple color measurements

Starkrimson apple

Color

TSC3200
(Uncalibrated)
RN GN BN
128 53 65
89
42 52
102 49 57
92
50 58
94
44 55
106 50 61
72
40 49
82
50 59
95
43 54
84
44 54
83
43 53
109 48 59
89
44 55
83
40 50
110 53 62
83
42 53
85
42 51
103 53 64
100 48 60
97
46 55

TCS3200 (Cali- ColorPal 28380 ColorPal 28380 TCS34725 (Unbrated)
(Uncalibrated)
(Calibrated)
calibrated)
RN GN BN RN GN BN RN GN BN RN GN BN
102 63 62 106 20 41 100 49 58 155 61 56
89
58 59
95
18 34 109 50 57 148 67 65
109 76 68 108 23 37 132 71 65 146 67 76
91
70 64 102 27 41 115 74 67 145 68 58
93
60 60 108 16 35 120 45 56 142 69 62
109 68 68 108 19 35 128 53 59 149 65 60
60
46 46
76
15 30
73
36 42 134 74 65
75
67 63
74
14 30
79
41 48 135 73 64
86
52 53
94
17 32
98
42 47 159 61 60
62
54 52
75
14 27
65
36 39 142 70 65
70
53 52
80
13 26
78
34 39 149 66 64
109 65 65 105 14 27 122 41 46 155 60 58
76
57 55
78
15 27
78
40 41 148 66 62
75
52 52
80
16 32
84
42 50 153 64 59
110 75 70 100 19 35 117 56 60 147 66 59
59
52 51
72
15 30
60
38 43 139 73 67
70
47 44
89
16 30
84
36 39 146 67 62
94
72 67 105 25 44 110 67 68 144 68 63
85
60 60
98
15 31
96
40 47 151 66 63
87
60 58 103 16 33 105 43 52 145 68 64

TCS34725
(Calibrated)
RN GN BN
99
54 47
114 65 63
123 75 77
111 69 56
109 66 58
121 64 59
85
59 51
95
70 58
110 53 51
80
60 53
95
57 53
122 59 56
97
60 53
105 58 53
117 68 58
75
63 54
92
52 45
104 67 58
100 59 54
101 63 58

X-Rite Ci60
Spectrometer
R
G B
85 49 53
105 56 63
116 66 67
104 59 62
104 55 60
112 57 63
81 45 50
92 56 59
94 48 54
72 49 52
84 49 53
109 56 62
86 52 55
92 51 57
109 60 64
68 49 52
82 43 46
96 57 59
88 51 55
93 53 58

TCS34725
(Calibrated)
RN GN BN
70
69 73
63
72 71
65
71 70
62
71 70
64
71 71
61
72 75
60
77 78
56
70 73
63
72 73
54
75 76
63
75 77
75
75 75
67
72 71
69
72 72
61
72 74
57
71 72
58
70 72
63
71 72
60
71 73
62
70 69

X-Rite Ci60
Spectrometer
R
G
B
56 49 50
50 50 50
51 50 50
50 48 49
52 48 48
52 49 50
53 52 53
48 48 48
51 49 50
49 49 49
55 50 51
63 52 53
52 50 50
56 50 51
51 50 50
49 48 48
49 47 48
50 49 50
50 49 50
50 47 48

TABLE 7
Plum color measurements

Plum

Color

TSC3200
(Uncalibrated)
RN GN BN
52
38 46
46
39 47
47
40 48
45
40 48
44
34 42
44
34 41
40
33 39
40
33 39
48
38 46
40
34 40
50
39 47
46
33 41
40
33 39
47
39 46
41
34 41
45
39 47
44
35 41
46
38 46
45
38 45
44
37 43

TCS3200 (Calibrated)
RN GN BN
71
72 75
58
74 76
60
76 77
57
73 76
58
65 68
58
66 69
55
67 69
50
64 64
62
72 75
51
66 66
68
74 77
71
67 72
54
66 66
65
74 76
54
67 69
56
72 74
55
65 67
58
72 75
57
72 74
56
68 69

ColorPal 28380 ColorPal 28380
(Uncalibrated)
(Calibrated)
RN GN BN RN GN BN
25
12 16 69
60 47
21
13 26 54
65 68
20
12 24 53
61 64
21
13 24 54
63 63
20
10 19 54
52 52
22
11 25 58
56 66
21
12 25 57
63 69
20
12 24 50
59 62
19
11 22 51
56 60
19
12 24 49
60 63
21
10 18 59
53 52
23
10 20 71
55 58
22
12 22 58
61 60
23
13 17 64
65 50
19
9
20 51
49 56
26
16 31 64
73 75
23
13 23 57
62 60
23
12 23 58
60 62
20
12 23 52
60 62
25
15 29 63
69 71
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TCS34725 (Uncalibrated)
RN
GN BN
119 81 75
117 84 73
120 82 71
115 85 73
114 85 75
108 85 78
105 87 78
105 84 78
115 85 75
100 89 81
106 88 79
115 84 74
121 83 72
116 84 72
110 83 76
107 85 77
109 85 77
117 84 74
110 84 75
116 85 72
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TABLE 8
Descriptive statistics of all color measurements (TCS3200)
Descriptive Statistics
Variable
N
N*
Mean
SE Mean
StDev
Minimum
Median
Maximum
RRN
20
0
146.960
0.855
3.820
135.000
145.630
147.000
RGN
20
0
73.791
0.536
2.398
68.239
72.864
74.348
RBN
20
0
82.317
0.430
1.925
78.207
80.841
82.069
RRNC
20
0
149.130
0.845
3.780
137.310
147.820
149.180
RGNC
20
0
76.254
0.540
2.414
70.664
75.323
76.815
RBNC
20
0
84.878
0.432
1.931
80.752
83.396
84.629
GRN
20
0
66.210
1.160
5.190
55.020
65.040
67.250
GGN
20
0
126.860
0.584
2.610
122.810
124.870
126.490
GBN
20
0
93.809
0.527
2.355
90.182
91.875
93.318
GRNC
20
0
72.790
1.190
5.320
61.300
71.620
73.880
GGNC
20
0
136.060
0.564
2.520
132.150
134.140
135.700
GBNC
20
0
101.870
0.524
2.340
98.250
99.940
101.380
BRN
20
0
62.340
1.240
5.540
54.240
56.310
65.810
BGN
20
0
135.860
1.130
5.050
129.280
130.030
138.520
BBN
20
0
164.560
0.868
3.880
159.350
160.290
165.440
BRNC
20
0
56.730
1.100
4.930
49.520
51.360
59.820
BGNC
20
0
123.640
0.977
4.370
117.950
118.590
125.940
BBNC
20
0
148.680
0.742
3.320
144.230
145.030
149.430
RARN
20
0
69.560
3.650
16.310
44.090
55.590
70.120
RAGB
20
0
46.510
1.840
8.250
33.960
39.150
45.830
RABN
20
0
49.700
1.630
7.280
36.090
43.370
50.580
RARNC
20
0
85.550
3.780
16.910
58.600
71.140
86.440
RAGNC
20
0
60.400
2.030
9.060
46.400
52.320
59.780
RABNC
20
0
58.450
1.730
7.740
43.860
51.750
59.440
GARN
20
0
118.260
5.450
24.350
82.320
97.860
116.860
GAGB
20
0
119.700
5.740
25.690
47.410
101.350
123.040
GABN
20
0
76.420
3.370
15.070
56.740
65.310
73.990
GARNC
20
0
133.240
5.150
23.050
98.500
113.910
132.270
GAGNC
20
0
144.370
5.390
24.090
72.690
128.110
148.060
GABNC
20
0
104.920
3.320
14.850
84.600
93.790
102.800
PRN
20
0
44.660
1.210
5.400
36.920
40.940
43.630
PGB
20
0
44.755
0.732
3.273
39.600
41.650
45.013
PBN
20
0
45.230
0.801
3.583
39.000
42.177
46.073
PRNC
20
0
58.830
1.330
5.940
50.180
54.740
57.750
PGNC
20
0
69.597
0.850
3.799
63.556
65.995
69.922
PBNC
20
0
71.583
0.934
4.175
64.241
68.043
72.601
*RRN: Red plate normalized red value, RGN: Red plate normalized green value, RBN: Red plate normalized blue value, RRNC: Red plate
calibrated normalized red value, RGNC: Red plate calibrated normalized green value, RBNC: Red plate calibrated normalized blue value
*GRN: Green plate normalized red value, GGN: Green plate normalized green value, GBN: Green plate normalized blue value, GRNC: Green
plate calibrated normalized red value, GGNC: Green plate calibrated normalized green value, GBNC: Geen plate calibrated normalized blue
value
*BRN: Blue plate normalized red value, BGN: Blue plate normalized green value, BBN: Blue plate normalized blue value, BRNC: Blue plate
calibrated normalized red value, BGNC: Blue plate calibrated normalized green value, BBNC: Blue plate calibrated normalized blue value
*RARN: Starkrimson apple normalized red value, RAGN: Starkrimson apple standardized green value, RABN: Starkrimson apple normalized
blue value, RARNC: Starkrimson apple calibrated normalized red value, RAGNC: Starkrimson apple calibrated normalized green value,
RABNC: Starkrimson apple calibrated normalized blue value
*GARN: Granny Smith apple normalized red value, GAGN: Granny Smith apple standardized green value, GABN: Granny Smith apple
normalized blue value, GARNC: Granny Smith apple calibrated normalized red value, GAGNC: Granny Smith apple calibrated normalized
green value, GABNC: Granny Smith apple calibrated normalized blue value
*PRN: Plum normalized red value, PGN: Plum standardized green value, PBN: Plum normalized blue value, PRNC: Plum calibrated normalized red value, AGNC: Plum calibrated normalized green value, PBNC: Plum calibrated normalized blue value

Table 8. shows descriptive statistics of Uncalibrated and calibrated low-cost color sensor
TCS3200 data compared with X-Rite Ci60 spectrometer measurements.

Table 5 shows uncalibrated and calibrated lowcost color sensor data of granny smith apple comparison with X-Rite Ci60 spectrometer measurements.
Table 6. shows uncalibrated and calibrated
inexpensive color sensor data on Kahramanmaras
red paper comparison with X-Rite Ci60 spectrometer measurements.
Table 7. shows uncalibrated and calibrated
low-cost color sensor data of Plum comparison with
X-Rite Ci60 spectrometer measurements.

6466

© by PSP

Volume 26 ± No. 11/2017 pages 6457-6469

Fresenius Environmental Bulletin


TABLE 9
Descriptive statistics of all color measurements (ColorPal 28380)
Descriptive Statistics
Variable
N
N*
Mean
SE Mean
StDev
Minimum
Median
Maximum
RRN
20
0
158.150
0.415
1.860
154.670
156.980
158.160
RGN
20
0
68.363
0.612
2.739
61.879
67.988
69.212
RBN
20
0
80.238
0.544
2.434
74.621
79.664
81.026
RRNC
20
0
160.180
0.409
1.830
156.740
159.020
160.190
RGNC
20
0
70.788
0.618
2.763
64.245
70.411
71.645
RBNC
20
0
82.791
0.547
2.445
77.148
82.215
83.582
GRN
20
0
61.910
1.250
5.590
50.580
59.570
62.430
GGN
20
0
128.230
1.000
4.480
121.760
124.360
128.100
GBN
20
0
86.50
0.814
3.641
81.919
83.557
85.464
GRNC
20
0
68.390
1.290
5.750
56.690
66.000
68.940
GGNC
20
0
137.380
0.965
4.310
131.130
133.640
137.250
GBNC
20
0
94.561
0.815
3.646
89.961
91.610
93.526
BRN
20
0
55.610
1.340
5.980
47.690
48.740
59.250
BGN
20
0
153.880
1.220
5.480
146.730
147.41
157.270
BBN
20
0
178.750
1.050
4.690
172.630
173.230
181.330
BRNC
20
0
50.730
1.190
5.330
43.660
44.600
53.980
BGNC
20
0
139.180
1.050
4.710
133.040
133.620
142.100
BBNC
20
0
160.780
0.892
3.990
155.570
156.080
162.980
ARN
20
0
112.000
3.070
13.740
88.570
99.590
112.850
AGB
20
0
115.770
2.750
12.290
94.160
105.010
115.650
ABN
20
0
77.330
1.780
7.950
64.320
70.040
76.760
ARNC
20
0
127.850
2.940
13.130
105.130
115.980
128.780
AGNC
20
0
130.730
2.620
11.70
109.860
120.470
130.700
ABNC
20
0
87.060
1.800
8.040
73.790
79.670
86.510
PRN
20
0
79.080
2.780
12.420
61.060
67.200
79.950
PGB
20
0
29.810
1.470
6.550
22.480
26.940
28.410
PBN
20
0
31.480
1.500
6.720
23.770
28.080
30.500
PRNC
20
0
95.090
2.800
12.540
76.610
83.040
96.110
PGNC
20
0
51.240
1.790
8.020
41.660
47.680
49.610
PBNC
20
0
54.690
1.830
8.180
44.660
50.470
53.630
RRN
20
0
158.150
0.415
1.860
154.670
156.980
158.160
RGN
20
0
68.363
0.612
2.739
61.879
67.988
69.212
RBN
20
0
80.238
0.544
2.434
74.621
79.664
81.026
RRNC
20
0
160.180
0.409
1.830
156.740
159.020
160.190
RGNC
20
0
70.788
0.618
2.763
64.245
70.411
71.645
RBNC
20
0
82.791
0.547
2.445
77.148
82.215
83.582
*RRN: Red plate normalized red value, RGN: Red plate normalized green value, RBN: Red plate normalized blue value, RRNC: Red plate
calibrated normalized red value, RGNC: Red plate calibrated normalized green value, RBNC: Red plate calibrated normalized blue value
*GRN: Green plate normalized red value, GGN: Green plate normalized green value, GBN: Green plate normalized blue value, GRNC: Green
plate calibrated normalized red value, GGNC: Green plate calibrated normalized green value, GBNC: Green plate calibrated normalized blue
value
*BRN: Blue plate normalized red value, BGN: Blue plate normalized green value, BBN: Blue plate normalized blue value, BRNC: Blue plate
calibrated normalized red value, BGNC: Blue plate calibrated normalized green value, BBNC: Blue plate calibrated normalized blue value
*RARN: Starkrimson apple normalized red value, RAGN: Starkrimson apple standardized green value, RABN: Starkrimson apple normalized
blue value, RARNC: Starkrimson apple calibrated normalized red value, RAGNC: Starkrimson apple calibrated normalized green value,
RABNC: Starkrimson apple calibrated normalized blue value
*GARN: Granny Smith apple normalized red value, GAGN: Granny Smith apple standardized green value, GABN: Granny Smith apple
normalized blue value, GARNC: Granny Smith apple calibrated normalized red value, GAGNC: Granny Smith apple calibrated normalized
green value, GABNC: Granny Smith apple calibrated normalized blue value
*PRN: Plum normalized red value, PGN: Plum standardized green value, PBN: Plum normalized blue value, PRNC: Plum calibrated normalized red value, AGNC: Plum calibrated normalized green value, PBNC: Plum calibrated normalized blue value

vide acceptable, accurate RGB measurements by using calibration factors. Therefore, is a useful sensor
for agricultural and industrial applications.
Table 12. shows calibration factors for the test
materials (ColorPal 28380). According to experimental results were seen in Table 12. ColorPal
28380 low-cost color sensor can provide acceptable,
accurate RGB measurements by using calibration
factors. Therefore, is a useful sensor for agricultural
and industrial applications. Table 13. shows
calibration factors for the test materials (TCS
34725).

Table 9. shows descriptive statistics of uncalibrated and calibrated low-cost color sensor ColorPal
28380 data compared with X-Rite Ci60 spectrometer
measurements.
Table 10. shows descriptive statistics of
uncalibrated and calibrated low-cost color sensor
TCS 34725 data compared with X-Rite Ci60
spectrometer measurements.
Table 11. shows calibration factors for the test
materials (TCS3200).
According to experimental results were seen in
Table 11. TCS3200 low-cost color sensor can pro-
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TABLE 10
Descriptive statistics of all color measurements (TCS 34725)
Descriptive Statistics
Variable
N
N*
Mean
SE Mean
StDev
Minimum
Median
Maximum
RRN
20
0
158.150
0.415
1.860
154.670
156.980
158.160
RGN
20
0
68.363
0.612
2.739
61.879
67.988
69.212
RBN
20
0
80.238
0.544
2.434
74.621
79.664
81.026
RRNC
20
0
160.180
0.409
1.830
156.74
159.020
160.190
RGNC
20
0
70.788
0.618
2.763
64.245
70.411
71.645
RBNC
20
0
82.791
0.547
2.445
77.148
82.215
83.582
GRN
20
0
61.910
1.250
5.590
50.580
59.570
62.430
GGN
20
0
128.230
1.000
4.480
121.760
124.360
128.100
GBN
20
0
86.500
0.814
3.641
81.919
83.557
85.464
GRNC
20
0
68.390
1.290
5.750
56.690
66.000
68.940
GGNC
20
0
137.380
0.965
4.310
131.130
133.640
137.250
GBNC
20
0
94.561
0.815
3.646
89.961
91.610
93.526
BRN
20
0
55.610
1.340
5.980
47.690
48.740
59.250
BGN
20
0
153.880
1.220
5.480
146.730
147.410
157.270
BBN
20
0
178.750
1.050
4.690
172.630
173.230
181.330
BRNC
20
0
50.730
1.190
5.330
43.660
44.600
53.980
BGNC
20
0
139.180
1.050
4.710
133.040
133.620
142.100
BBNC
20
0
160.780
0.892
3.990
155.570
156.080
162.980
ARN
20
0
112.000
3.070
13.740
88.570
99.590
112.850
AGB
20
0
115.770
2.750
12.290
94.160
105.010
115.650
ABN
20
0
77.330
1.780
7.950
64.320
70.040
76.760
ARNC
20
0
127.850
2.940
13.130
105.130
115.980
128.780
AGNC
20
0
130.730
2.620
11.700
109.860
120.470
130.700
ABNC
20
0
87.060
1.800
8.040
73.790
79.670
86.510
PRN
20
0
79.080
2.780
12.420
61.060
67.200
79.950
PGB
20
0
29.810
1.470
6.550
22.480
26.940
28.410
PBN
20
0
31.480
1.500
6.720
23.770
28.080
30.500
PRNC
20
0
95.090
2.800
12.540
76.610
83.040
96.110
PGNC
20
0
51.240
1.790
8.020
41.660
47.680
49.610
PBNC
20
0
54.690
1.830
8.180
44.660
50.470
53.630
RRN
20
0
158.150
0.415
1.860
154.670
156.980
158.160
RGN
20
0
68.363
0.612
2.739
61.879
67.988
69.212
RBN
20
0
80.238
0.544
2.434
74.621
79.664
81.026
RRNC
20
0
160.180
0.409
1.830
156.740
159.020
160.190
RGNC
20
0
70.788
0.618
2.763
64.245
70.411
71.645
RBNC
20
0
82.791
0.547
2.445
77.148
82.215
83.582
*RRN: Red plate normalized red value, RGN: Red plate normalized green value, RBN: Red plate normalized blue value, RRNC: Red plate
calibrated normalized red value, RGNC: Red plate calibrated normalized green value, RBNC: Red plate calibrated normalized blue value
*GRN: Green plate normalized red value, GGN: Green plate normalized green value, GBN: Green plate normalized blue value, GRNC: Green
plate calibrated normalized red value, GGNC: Green plate calibrated normalized green value, GBNC: Green plate calibrated normalized blue
value
*BRN: Blue plate normalized red value, BGN: Blue plate normalized green value, BBN: Blue plate normalized blue value, BRNC: Blue plate
calibrated normalized red value, BGNC: Blue plate calibrated normalized green value, BBNC: Blue plate calibrated normalized blue value
*RARN: Starkrimson apple normalized red value, RAGN: Starkrimson apple standardized green value, RABN: Starkrimson apple normalized
blue value, RARNC: Starkrimson apple calibrated normalized red value, RAGNC: Starkrimson apple calibrated normalized green value,
RABNC: Starkrimson apple calibrated normalized blue value
*GARN: Granny Smith apple normalized red value, GAGN: Granny Smith apple standardized green value, GABN: Granny Smith apple
normalized blue value, GARNC: Granny Smith apple calibrated normalized red value, GAGNC: Granny Smith apple calibrated normalized
green value, GABNC: Granny Smith apple calibrated normalized blue value
*PRN: Plum normalized red value, PGN: Plum standardized green value, PBN: Plum normalized blue value, PRNC: Plum calibrated normalized red value, AGNC: Plum calibrated normalized green value, PBNC: Plum calibrated normalized blue value

TABLE 11
Calibration factors for the test materials (TCS3200)

Red plate
Green plate
Blue plate
Starkrimson apple
Granny smith apple
Plum

ڜFDOLEUDWLRQIDFWRUVIRUWKHWHVWPDWHULDOV
ڜ5
*ڜ
1.005358
0.981603
0.968151
0.968040
0.965693
0.950484
0.770918
0.921578
0.686987
0.690402
0.914017
0.945887
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ڜ%
0.970701
0.960008
0.924307
0.913588
0.694502
0.944939
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TABLE 12
Calibration factors for the test materials (ColorPal 28380)

Red plate
Green plate
Blue plate
Starkrimson apple
Granny smith apple
Plum

ڜFDOLEUDWLRQIDFWRUVIRUWKHWHVWPDWHULDOV
ڜ5
*ڜ
1.263596
0.810834
0.909644
0.846997
0.919335
0.856653
0.881165
0.782572
0.630049
0.736768
0.897528
0.851000

ڜ%
0.824731
0.879004
0.832385
0.838352
0.757578
0.834173

TABLE 13
Calibration factors for the test materials (TCS 34725)

Red plate
Green plate
Blue plate
Starkrimson apple
Granny smith apple
Plum

ڜFDOLEUDWLRQIDFWRUVIRUWKHtest materials
ڜ5
*ڜ
1.043637
0.989987
0.911530
0.936843
0.841657
0.979242
0.926244
0.940031
0.838649
0.913132
0.955409
0.970128

ڜ%
0.987107
0.983178
0.937411
0.885602
0.932417
0.958101

xrite.com/documents/manuals/en/ ci6X-500_
User_Guide_en.pdf, Access date: 08.05. 2015
[7] Chen, D.C., Lee, S.W, Li, Y.H., Fang, J.Y.
(2011) Portable Multi-RGB Color Sensor Measurement Device for LED Ceiling Light. Journal
of China University of Science and Technology,
49(10), 49-62.
[8] Seelye, M., Sen Gupta, G., Bailey, D. Seelye, J.
(2011) Low-Cost Color Sensors for Monitoring
Plant Growth in a Laboratory. Instrumentation
and Measurement Technology Conference
(I2MTC), IEEE, ISSN: 1091-5281, Binjiang, 16

According to experimental results were seen in
Table 13. TCS 3200 low-cost color sensor can provide acceptable, accurate RGB measurements by using calibration factors. Therefore, is a useful sensor
for agricultural and industrial applications.
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ABSTRACT

INTRODUCTION

Increases in urbanization and conversion of
land for urban use have resulted in increased areas of
impervious surfaces, leading to greater runoff volume and pollution. In this study, local conditions and
low impact development (LID) implementation principles were used to select and arrange appropriate
LID measures. Storm water management model was
used to simulate and assess the performance of LID
measures compared with natural and original scenarios in different designed storm series.After the LID
measures were set, the runoff volume of the LID scenario decreased from 22.3% to 55.4% as return periods increased, the average flooding time of the LID
scenario decreased by 48±67 min compared with the
original scenario, the maximum flooding time decreased by 37±70 min, and the total flooding volume
decreased by 40.3±90.6%. Moreover, TSS, TN, TP
and COD emissions of the LID scenario were 547±
1135 kg, 3.2±5.5 kg, 0.5±1.4 kg and 84.0±213.5 kg
lower, respectively, relative to the original scenario.
R value had little effect on runoff volume and flooding time, but obviously influenced total flooding volume and pollutant emissions. As rainfall duration increased from 0.5 to 4 h, rainfall increased from 21.6
to 40.9 mm, and runoff volume, flooding characteristics and pollutant emissions increased gradually,
although the increase amount and rate of four pollutants gradually decreased.Compared with the natural
and original scenarios, the LID scenario reduced
both the risk of runoff and pollution. The results of
this study will enable useful recommendations for
modifying present stormwater management systems,
both at this and other urban sites, to achieve improved runoff control.

As urbanization progresses, urban land use
changes, leading to increases in the area of impervious surfaces and therefore increases in runoff volume and peak flow rates [1, 2]. Studies have shown
that urban stormwater runoff contains a variety of
pollutants, including sediments, microorganisms, organic materials, nutrients, heavy metals and polycyclic aromatic hydrocarbons (PAHs) [3, 4], which can
seriously affect public health and threaten environmental quality [5, 6]. Although low impact development (LID) is commonly applied across the United
States and Europe to alleviate the negative impacts
of urbanization on the hydrological cycle, this
method has not yet been widely applied in highly urbanized areas, especially in rapid urbanizing cities in
China [7]. In recent years, China has put forward a
new urban storm water management concept based
on LID known as sponge city to address the negative
effects of urbanization of water environments [8].
Low impact development measures are urban
stormwater management techniques that were proposed in the late 1990s to maintain or replicate the
predevelopment hydrologic regime by creating a
functionally equivalent hydrologic landscape [9].
The principles of LID are based on controlling
stormwater at the source through microscale controls
distributed throughout the site [10]. Low impact development practices such as bioretention facilities or
rain gardens, grass swales and channels, vegetated
rooftops, rain barrels, cisterns, vegetated filter strips
and permeable pavements perform both runoff volume reduction and pollutant filtering functions [9,
11-13].To accomplish this, designers of LID
measures attempt to minimize impervious surfaces,
retain and infiltrate runoff on-site, collect and reuse
runoff, and install various other management
measures to control and treat stormwater runoff [14].
Shenyang is an established industrial base in
Northeastern China that has undergone rapid urbanization. Various policies have been implemented in

KEYWORDS:
hydrological effect, low impact development, stormwater,
Storm Water Management Model, urban non-point pollution
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with an average slope of 0.1%. The sewer system is
separated and constructed of standard concrete pipes.

recent years, including revitalization of the old industrial base in Northeastern China, that have resulted in a rapid increase in the area of impervious
surfaces. As a result, urban waterlogging and nonpoint source pollution from stormwater runoff have
become increasingly serious problems. In response
to promotion of the sponge city policy of the Chinese
government, LID measures will be used to improve
management of the hydrological environment in
Shenyang; accordingly, it is very important to evaluate the performance of LID measures. Therefore, in
this study, the SWMM model was used to simulate
and assess the effectiveness of LID measures on a
highly urbanized catchment.

Simulation Model. The storm water management model developed by the US EPA, SWMM, was
used for this study. SWMM is a dynamic rainfallrunoff simulation model that can be used for either
single events or long-term (continuous) simulation
of runoff quantity and quality, primarily from urban
areas [15]. Based on the hydrological characteristics
outlined in the SWMM manual, the study area was
simplified into 38 subcatchments and 34 junctions
for simulation purposes (Fig. 1). All of the subcatchments had separate sewage drainage systems, and the
storm water runoff flowed past conduits to the final
outfall. The SWMM model of this area has been established, and calibration and validation has been
completed. The parameters of the SWMM hydrology and hydraulic module have been presented by
our previous publication [16].

MATERIALS AND METHODS
Study area description. The study catchment
is a residential±educational mixed district in the city
RI 6KHQ\DQJ ƍƎ±ƍƎ1 ƍƎ±
ƍƎ(  ZKLFK LV WKH ODUJHVW DQG PRVW LP
portant industrial city in Northeast China. Shenyang
has a temperate continental monsoon climate, with a
mean annual precipitation of 510±680 mm, most of
which falls from June to August. The catchment area,
which comprises high-density residential (56.1%)
and educational (43.9%) areas, is 24.2 hm2. Impervious surfaces cover about 69.3% of the whole catchment, and gently slope from southeast to northwest

Design LID measures. There are many kinds
of LID measures, such as bioretentions, grass swales
and channels, green rooftops, rain barrels, and so on
[17]. Different LID measures require different applicable principles [18]. For the purpose of implementing LID measures, appropriate LID types, sizes and
spatial locations should be designed in concert with
the LID applicable principles and the overall construction of the development site [19, 20].

FIGURE 1
Generalized distribution of the study area
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TABLE 1
Characteristics of the applicable regions of LID measures
LID measures

Land use
type

Pollutant
loading
intensity

Bioretention

R, C, S, G

Low

Green Roof

R, C, M

Low

Grass Swale
Vegetated
Filter Strip
Porous
Pavement
Rain Barrel

R, C, S, T,
G
R, C, S, M,
T, G
R, C, S
R, C

Special requirements
Distance from road<30mχ
Distance from river>30mχ
Distance from building>3m
Flat roofχSlop roof with
small angle

Soil
type

Slope

Service
area (ha)

Impervious
rate (%)

Area

A-D

<15

<1

0-80

Small

-

<4

-

-

-

Low

Distance from road <30m

A-D

0.5-5

<2

>0

Medium

High

Distance from road <30m

A-D

<5

-

>0

Medium

Low

-

A-B

<1

<1.2

>0

-

Low

Distance from building
<10m

-

-

-

-

Small

R, Residential land; C, Public facilities land˗M, Industrial land; T, External transport land; S, Road square land;
G, Green spaceǄA, Soil of not easy to produce flow; B, Soil of medium easy to produce flow; C, Soil of relatively
easy to produce flow; D, Soil of very easy to produce flowǄ

FIGURE 2
Distribution of LID measures

measures were proposed based on previous studies
(Table 1) [9, 10, 21].
In this study, we choose to minimize the impervious area and take full advantage of the infiltration
capacity to extend the runoff time and runoff distance while considering the local environment and
LID construction cost. Finally, we selected four

The LID measures should fully consider the local geology, hydrology, soil, underlying surface,
land use types and other conditions. In the present
study, appropriate LID measures were selected according to the applicable conditions, after which the
LID measures were arranged in the planning area.
The implementation principles of common LID
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common and suitable LID measures for the LID arrangement in this study area: rain barrel, rain garden,
porous pavement and green roof. According to the
characteristics of the applicable regions of LID
measures, spatial analysis and overlay analysis of
ArcGIS were used to identify the appropriate location of each LID measure, after which the actual sites
and area of each LID measure were determined by
manual selection (Fig. 2).
Five basic LID types (bio-retention cell, infiltration trench, porous pavement, rain barrel and vegetative swale) were provided in the SWMM. Different LIDs can be designed by changing the parameters of each layer. In this study, LIDs were implemented in each subcatchment, and the parameters of
LIDs were modified based on actual conditions. The
total area of rain garden, porous pavement and green
roof was 0.166, 3.12 and 4.98 ha, respectively, and
the number of rain barrels was 22.
To quantitatively evaluate the performance of
the implemented LID measures, three scenarios (natural scenario, original scenario and LID scenario)
were comparatively analyzed. The natural scenario
was designed to simulate undeveloped conditions,
which was accomplished by setting the entire research area as a green space. The original scenario
was considered to be the original conditions, which
refers to the current land use. The LID scenario was
based on the improvement plan, which consisted of
the LID measures that were previously selected.
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Where iis the rainfall intensity (mm/min), t is the
rainfall duration (min), and P is the return period
(year). The Chicago rainfall pattern was selected as
the design pattern of storms. The continuous curves
of the hyetograph were designed in terms of the
times before (ta) or after (tb) the peak intensity by the
two following equations [23].
Before the peak intensity:

1984 1  0.77 lg P ª 1  0.77 t
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¼

After the peak intensity:
i (tb )
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Where i(ta) is the rainfall intensity before the peak
intensity (mm/min),i(tb) is the rainfall intensity after
the peak intensity (mm/min), ta is the time before the
peak intensity (min),tb is the time after the peak intensity (min), r is the ratio of time before the peak
occurs to the total duration time.The variable r describes the location of peak rainfall intensity, with a
smaller r indicating a peak intensity closer to the
rainfall start time.
Three groups of storms were used in this study
to analyze the effects of LID, including various return periods, r values and rainfall durations. In Group
I, the storms had return periods of 0.25-, 0.5-, 1-, 3-,
5-, 10-, 20-, 50-, and 100-year with the same 0.4-r
value and 2-h rainfall duration and corresponding total rainfall amounts ranging from 18 to 85 mm. In
Group II, the storms had r values of 0.1-, 0.2-, 0.3-,
0.4-, 0.5-, 0.6-, 0.7-, 0.8-, and 0.9-r, the same 1-year
return period and a 2-h rainfall duration. In Group III,
the storms had rainfall durations of 1-, 1.5-, 2-, 2.5-,
3-, 3.5-, and 4-h with the same 0.4-r value and a 1year return period. Designated hyetograph examples
are shown in Fig. 3. The aims of Group I, Group II
and Group III were to analyze how the performance
of LID designs in terms of urban flooding and nonpoint pollution are affected by rainfall intensity, location of peak intensity and rainfall duration, respectively.

Design storms. The rainfall characteristics
were closely correlated with the runoff volume and
the pollutant emissions [22]. In this study, the effects
of LID were investigated under various types of design storms. The input rainfall data for simulation of
the LID was assigned using typical local characteristics. The design formula of the storm intensity in
this study was based on the rainfall intensity formula
in Shenyang as follows:
1984 1  0.77 lg P

i
(t  9)0.77

FIGURE 3
Designed storm hyetograph examples with different return periods, r values and rainfall durations
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FIGURE 4
Runoff volume of three scenarios in different designed storms
TABLE 2
Flooding characteristics of original scenario and LID scenario in different designed storms
Designed
Storms
0.25a
0.5a
1a
3a
5a
10a
20a
50a
100a
0.1r
0.2r
0.3r
0.4r
0.5r
0.6r
0.7r
0.8r
0.9r
0.5h
1h
1,5h
2h
2.5h
3h
3.5h
4h

Average flooding time (min)
Original
LID
Scenario
Scenario
77
28
116
68
146
96
189
131
207
146
229
165
249
183
263
204
268
220
155
101
151
100
148
98
146
96
145
94
146
92
147
91
148
90
150
90
94
52
121
76
136
88
146
96
154
102
161
105
167
107
172
108

Maximum flooding time (min)
Original
LID
Scenario
Scenario
95
32
131
82
163
110
206
145
224
160
247
179
267
197
269
218
271
234
170
118
167
115
164
112
163
110
163
107
164
105
166
104
168
104
172
105
109
66
137
89
151
102
163
110
170
116
178
119
184
122
190
122

Total flooding volume (m3)
Original
LID
Scenario
Scenario
985
93
2154
728
3411
1520
5565
2862
6587
3512
8003
4470
9438
5423
11380
6698
12877
7692
2770
1091
2988
1230
3206
1374
3411
1520
3592
1648
3751
1767
3884
1866
3989
1935
4066
1989
2435
927
3057
1285
3272
1424
3411
1520
3515
1602
3589
1652
3653
1703
3698
1717

4a). At the same time, the runoff volume of the original scenario greatly increased from 2984 to
18585m3. In this catchment, the runoff volumes were
2754 to 4940 m3 higher under the original scenario
than the natural scenario. These findings indicate
that development of the city has changed natural land
into urban areas, which has caused a large increase
in impervious surface area, and that this process can
seriously affect the hydrological process. After the
LID measures were set, the runoff volume of the LID
scenario decreased from 22.3% to 55.4%, or 1331 to
12583 m3 as the return period increased. Four types
of LID measures were used in the LID scenario design. Rain barrels can store runoff directly, while

RESULTS AND DISCUSSION
Hydrological characteristics. SWMM was
used to simulate the hydrological characteristics of
three scenarios in different designed storm series.
For the present study, the target indexes for evaluating system performance were runoff quantity and
flooding characteristics, which included total runoff
volume, average flooding time, maximum flooding
time and total flooding volume.
Fig. 4 shows the total runoff volume of the
three scenarios under various storm conditions. The
runoff volume of the natural scenario increased from
230 to 14040 m3 as the return period increased (Fig.
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YROXPHRIWKHRULJLQDOVFHQDULRZDVPIRU
KRIUDLQIDOOZKLOHLWZDVPZKHQUDLQIDOOGX
UDWLRQLQFUHDVHGWRK

rain gardens, porous pavement and green roofs can
reduce runoff by interception and absorption. Moreover, the LID measures can increase pervious area,
infiltration rate and runoff time, thereby increasing
the runoff infiltration capacity. By arranging the LID
measures, the runoff volume of this study area basically reached the level of runoff before urbanization.
As shown in Fig. 4b, the runoff volume of
storms with different r values became very small,
and the maximum runoff volume occurred when r
was 0.4. As the rainfall duration extended from 0.5
to 4-h, rainfall increased from 21.6 to 40.9 mm, and
runoff showed a corresponding increase (Fig. 4c).
The LID scenario decreased runoff volume by
43.1%±45.7% compared with the original scenario
as rainfall duration changed, and the reductive runoff
volume were 1868 to 3411 m3.
Through the comparison of flooding characteristics between original scenario and LID scenario in
different designed storms, we found LID measures
can effectively reduce the flooding. Average flooding time, maximum flooding time and total flooding
volume increased rapidly with the increase of return
periods both in original scenario and LID scenario
(Table 2). The average flooding time of original scenario increased from 77 to 268mins as the return period increased from 0.25 to 100-year, maximum
flooding time increased from 95 to 271mins, and total flooding volume increased from 985 to 12877m3.
For LID scenario, the flooding time and volume
were decreased a lot. The average flooding time of
LID scenario increased from 28 to 220mins as period
increased which reduced by 48-67mins compared
with original scenario, and maximum flooding time
reduced by 37-70mins. The total flooding volume of
LID scenario were 93-7692 m3, which reduced by
40.3-90.6% runoff volume compared to the original
scenario.
In group ,, WKH IORRGLQJ FKDUDFWHULVWLFV
FKDQJHGLQDFFRUGDQFHZLWKFKDQJHVLQWKHUYDOXHV
7KH VPDOOHVW DYHUDJH IORRGLQJ WLPH DQG PD[LPXP
IORRGLQJWLPHRIWKHRULJLQDOVFHQDULRZDVREVHUYHG
ZKHQUZDVDQGWKHVHYDOXHVLQFUHDVHGDVWKHU
YDOXHFKDQJHG7KHDYHUDJHIORRGLQJWLPHDQGPD[
LPXPIORRGLQJWLPHRIWKH/,'VFHQDULRLQFUHDVHGDV
WKHUYDOXHLQFUHDVHG$GGLWLRQDOO\WKHUYDOXHKDGDQ
REYLRXVHIIHFWRQWRWDOIORRGLQJYROXPH:KHQULQ
FUHDVHGIURPWRWKHWRWDOIORRGLQJYROXPHRI
WKHRULJLQDOVFHQDULRLQFUHDVHGIURPWRP
DQGIURPWRPIRUWKH/,'VFHQDULR$V
WKHORFDWLRQRISHDNLQWHQVLW\PRYHGIURPWKHHDUO\
VWDJHWRWKHODWHVWDJHRIUDLQIDOOWKHWRWDOIORRGLQJ
YROXPHLQFUHDVHGJUDGXDOO\E\DQGPUHO
DWLYHWRWKHRULJLQDOVFHQDULRDQGWKH/,'VFHQDULR
UHVSHFWLYHO\
In group ,,, WKUHH IORRGLQJ LQGH[HV LQFUHDVHG
DV UDLQIDOO GXUDWLRQ LQFUHDVHG %HFDXVH WKH UDLQIDOO
LQFUHDVHG JUDGXDOO\ DV UDLQIDOO GXUDWLRQ ZDV H[
WHQGHGDQGXUEDQDUHDVDUHPRUHSURQHWRIORRGLQJ
ZLWK LQFUHDVHG UDLQIDOO GXUDWLRQ7KH WRWDO IORRGLQJ

Water quality characteristics. As shown in
Fig. 5, the emission load of TSS, TN, TP and COD
in the original scenario is larger than that in the natural scenario under different return period conditions.
According to the SWMM simulation results of the
three scenarios, the growth in the emission load of
TSS and COD in the original scenario compared
with the natural scenario was much larger than that
of the growth in TN and TP. For example, for a 5year return period, the emissions of TSS and COD in
the natural scenario were 1036 and 135 kg, while
those in the original scenario were 3456 and 628 kg.
Therefore, the growth rate of TSS and COD emissions was 233% and 364%, respectively, while those
of the TN and TP emissions were only 32% and 36%.
Four types of LID measures were arranged in
the LID scenario. The rain barrel can only store the
runoff, while the rain garden, porous pavement and
green roof can remove pollutants to different degrees
through interception by the green layer, plant absorption, microbial decomposition, soil infiltration, etc.
After applying LID measures, TSS emissions decreased by 547±1135 kg as the return period increased, but the emissions under the LID scenario
were still 643±1815 kg greater than those in the natural scenario. TN, TP and COD emissions of the LID
scenario decreased by 3.2±5.5 kg, 0.5±1.4 kg and
84.0±213.5 kg, respectively, when compared with
the original scenario. As shown in Fig. 5, the TN and
TP emissions of the original scenario were not much
greater than those of the natural scenario; therefore,
unlike the emission of TSS and COD, the LID
measures caused the pollutant emissions of TN and
TP to be close to the natural scenario level. For instance, over a 5-year return period, the decreases in
the TN and TP in the LID scenario were 5.3 kg and
0.5 kg when compared with the original scenario.
Overall, the LID treatment led to TN and TP emissions that were only 10.8% and 8.7% larger than
those of the natural scenario, respectively; however,
TSS and COD emissions were 175.1% and 298.1%
higher.
7KHORFDWLRQRISHDNLQWHQVLW\ can obviously affect the emission of pollutants. As shown in Fig. 6,
as the location of the peak intensity changed, the r
value changed from 0.1 to 0.9, and the pollutant
emissions of the three scenarios increased gradually.
For TSS emissions, as the r value increased from 0.1
to 0.9, the amount discharged under the natural scenario, original scenario and LID scenario increased
from 280 to 327 kg, 2635 to 2916 kg and 1596 to
2009 kg, or by 16.8%, 10.7% and 25.9%, respectively.
As shown in Fig. 7, as rainfall duration extended from 0.5-h to 4-h, the pollutant emissions increased gradually, but the amount and rate of these
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increases gradually decreased. For example, as rainfall duration extended from 0.5-h to 4-h, the amount
of TN discharged under the natural, original and LID
scenario increased from 4 to 16 kg, 2424 to 2872 kg
and 1364 to 2014 kg, while the increase rate decreased from 107.7% to 3.4%, 27.3% to 0.8% and
21.4% to 1.4%, respectively.
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CONCLUSIONS
In this study, we selected four common and
suitable LID measures based on consideration of the
local environment and LID construction costs. We
then used SWMM to simulate the hydrological and
water quality characteristics under a natural, original
and LID scenario in variousdesigned storms. The
performance of the LID scenario was then analyzed
based on comparison of the runoff volume, flooding
characteristics and emission loads of TSS, TN, TP
and COD under the three scenarios.

FIGURE 5
Pollutant emissions of the three scenarios with different UHWXUQSHULRGV

FIGURE 6
Pollutant emissions of three scenarios with different UYDOXHV



© by PSP

Volume 26 ± No. 11/2017 pages 6470-6478

Fresenius Environmental Bulletin

FIGURE 7
Pollutant emissions of the three scenarios with different UDLQIDOOGXUDWLRQV

With the process of urbanization, land use type
has changed from green land to urban land, which
has led to rapid increases in runoff volume, flooding
time and volume, and pollutant emissions. After setting the LID measures, the runoff volume decreased
from 22.3% to 55.4% as the return periods increased.
Moreover, the average flooding time of the LID scenariodecreased by 48±67 min compared with the
original scenario, while the maximum flooding time
decreased by 37±70 min, and the total flooding volume decreased by 40.3±90.6%. The TSS, TN, TP
and COD emissions of the LID scenario decreased
by 547±1135 kg, 3.2±5.5 kg, 0.5±1.4 kg and 84.0±
213.5 kg, respectively, when compared with the
original scenario.
The r value had little effect on runoff volume
and flooding time; however, it had an obvious effect
on total flooding volume and pollutant emissions.As
the rainfall duration increased from 0.5 to 4-h, rainfall increased from 21.6 to 40.9 mm, and runoff volume, flooding characteristics and pollutant emissions increased gradually.However, the increase
amount and increase rate of TSS, TN, TP and COD
gradually decreased.
Overall, the results showed that, when compared to the natural scenario and original scenario,
the LID scenario reduced the risk of runoff and pollution to a certain extent.The results presented herein
will enable useful recommendations for modifying
the present stormwater management system, as well
as those in other urban areas, to achieve greater runoff control.
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SUBSURFACE NITROGEN TRANSFER OF SLOPING
FARMLAND IN PURPLE SOIL UNDER DIFFERENT
PRECIPITATION INTENSITIES
0HL[LDQJ;LH=KDQ\X=KDQJ 3LQJFDQJ=KDQJ7LDQMLDR&KHQ4LQJ[L/L$KPDG%DNRXU


.H\/DERUDWRU\RI(IILFLHQW,UULJDWLRQ'UDLQDJHDQG$JULFXOWXUDO6RLO:DWHU(QYLURQPHQWLQ6RXWKHUQ&KLQDRI0LQLVWU\RI(GXFDWLRQ
+RKDL8QLYHUVLW\1DQMLQJ&KLQD

&ROOHJHRI:DWHU&RQVHUYDQF\DQG+\GURSRZHU(QJLQHHULQJ+RKDL8QLYHUVLW\1DQMLQJ&KLQD

&KDQJMLDQJ5LYHU6FLHQWL¿F5HVHDUFK,QVWLWXWH:XKDQ&KLQD

ABSTRACT

INTRODUCTION

7KH QLWURJHQ WUDQVIHU RI VORSLQJ IDUPODQG DI
IHFWVWKHZDWHUHQYLURQPHQWDQGFURS\LHOGVLQ7KUHH
*RUJHV5HVHUYRLUDUHD/DERUDWRU\H[SHULPHQWVZHUH
FRQGXFWHG WR VWXG\ VXEVXUIDFH QLWURJHQ WUDQVIHU LQ
SXUSOHVRLOVXEMHFWHGWRGLIIHUHQWSUHFLSLWDWLRQLQWHQ
VLWLHV6LPXODWHGSUHFLSLWDWLRQHYHQWVRIWKUHHLQWHQ
VLWLHV ORZ>PPPLQ@PRGHUDWH>PPPLQ@DQG
KLJK > PPPLQ@  ZHUH SHUIRUPHG WR REVHUYH VRLO
ZDWHUFRQWHQWDQGQLWURJHQWUDQVIHULQWZRVRLOOD\HUV
7KHXSSHUVRLOOD\HUZDVDWGHSWKVRIFPDQGWKH
ORZHUVRLOOD\HU ZDVDWGHSWKVRIFPLQWKH VRLO
WDQN)RXUREVHUYDWLRQVSRWV XSSHUOD\HU>VSRWV
DQG@DQGORZHUOD\HU>VSRWVDQG@ 
ZHUHVHWDORQJWKHVORSHHTXLGLVWDQWO\LQHDFKOD\HU
7KH UHVXOWV VKRZHG WKDW D SURORQJHG ORZ LQWHQVLW\
SUHFLSLWDWLRQLVPRUHOLNHO\WRFDXVHUDSLGUHJUHVVLRQ
RIVRLOZDWHUFRQWHQWWKDQDVKRUWKLJKSUHFLSLWDWLRQ
7KH SURJUHVV RI 121 DQG 71 WUDQVIHU FRLQFLGHG
SRVLWLYHO\ZLWKWKHVRLOZDWHUFRQWHQWEXW121GLV
SOD\HGFRQWUDVWLQJWUHQGVEHWZHHQWKHXSSHUDQGWKH
ORZHUVRLOOD\HU7KH1+1DQG71FRQFHQWUDWLRQV
UHYHDOHG QR UHPDUNDEOH VSDWLRWHPSRUDO GLIIHUHQFH
EXW GLVWLQJXLVKLQJ GLVWULEXWLRQV EHWZHHQ WZR VRLO
OD\HUV $GGLWLRQDOO\ WKH 71 FRQFHQWUDWLRQV GLV
SOD\HGWKHOHDVWJURZWKDWVSRWVDQG7KLVVWXG\
VKRZHGSURPLQHQWDFFXPXODWLRQRI121DQG71
FRQFHQWUDWLRQVGRZQWKHVORSH7KHLQFUHDVHLQSUH
FLSLWDWLRQLQWHQVLW\SURPRWHGWKHYHORFLWLHVRIQLWUR
JHQ WUDQVIHU DQG PHDQ FRQFHQWUDWLRQV RI QLWURJHQ
KDGVLJQLILFDQWGLIIHUHQFHVVXEMHFWHGWRWKUHHSUHFLS
LWDWLRQLQWHQVLWLHV6WXG\UHVXOWVSURYLGHQHZLQVLJKWV
LQWRWKHVSDWLRWHPSRUDOUHVSRQVHRIVXEVXUIDFHQLWUR
JHQWUDQVIHUWRSUHFLSLWDWLRQ

7KHIHUWLOL]HUVDSSOLHGWRWKHVORSLQJIDUPODQG
ZKLFKRFFXSLHVDFHUWDLQSURSRUWLRQRIDUDEOHODQGLQ
&KLQDSURGXFHWKHVRLOQXWULHQWORVVIURPWKHVXUIDFH
UXQRIIDQGVXEVXUIDFHIORZ>@7KHXVHRIQLWUR
JHQ 1 RQDUDEOHODQGWRERRVW\LHOGKDVXQGHUJRQH
JUHDW JURZWK >@ &RQVLGHULQJ WKDW QLWURJHQ ORVV
SOD\V LPSRUWDQW UROH LQ WKH DJULFXOWXUDO SURGXFWLRQ
DQG ZDWHU HQYLURQPHQW WKH ORZ XWLOL]DWLRQ UDWLR RI
IHUWLOL]HUV DQG JURXQGZDWHU FRQWDPLQDWLRQ DUH LQ
FUHDVLQJO\ IRFXVHG>@7KHVWXGLHVLQVRLO ZDWHU
DQGVROXWH IORZSDWWHUQVRQ IDUPODQGDUHVR QHFHV
VDU\ WR GHVFULEH WKH XVH RI ZDWHU DQG QXWULHQW E\
FURSVDVZHOODVQXWULHQWFRQWDPLQDWLRQ>@
/DUJHQXPEHUVRIVWXGLHVKDYHSURYHGWKDWVHG
LPHQWORVVDQGVXUIDFHUXQRIIFDXVHWKHQXWULHQWORVV
RI VORSLQJ IDUPODQG >@ SDUWLFXODUO\ WKH QXWULHQW
ORVVIURPVHGLPHQWDFFRXQWLQJIRU>@+RZ
HYHUWKHOHDFKLQJRIQLWURJHQLQWKHVRLOHVSHFLDOO\
WKHODWHUDODQGYHUWLFDOVXEVXUIDFHWUDQVIHURIQLWUR
JHQ DUH VWLOO SRRUO\ XQGHUVWRRG7KH UDLQIDOO HYHQW
LQLWLDOZDWHUFRQWHQWVRLOVWUXFWXUHDQGIHUWLOL]HUIRU
PXODWLRQDUHWKHIDFWRUVDIIHFWLQJQLWURJHQWUDQVIHULQ
WKHILHOG>@<DQJHWDO>@IRXQGWKDWVLJQLILFDQW
VSDWLDOYDULDELOLW\RIVROXWHFRQFHQWUDWLRQLQQDWXUDO
VRLOVLVPDLQO\UHODWHGWRWKHGLVWULEXWLRQRIVRLOZDWHU
FRQWHQWDQGVROXWHFRQFHQWUDWLRQLQWKHYHUWLFDOGLUHF
WLRQ E\ FRQGXFWLQJ ILHOG H[SHULPHQWV 6HYHUDO SUH
FLSLWDWLRQ LQWHQVLWLHV ZHUH GHVLJQHG LQ WKH H[SHUL
PHQWVWRH[SORUHWKHQRQHTXLOLEULXPVROXWHWUDQVIHU
XQGHUXQVDWXUDWHGVWHDG\VWDWHIORZFRQGLWLRQV>@
7KHQLWURJHQORVVWKURXJKWKHVXEVXUIDFHIORZZKLFK
FDQLQGXFHVLJQLILFDQWGHJUHHVRIWRWDOQLWURJHQORVV
KDSSHQHG ERWK YHUWLFDOO\ DQG ODWHUDOO\ DQG SURSRU
WLRQVRIVXEVXUIDFHIORZKDYHHIIHFWVRQWKHOHYHOVRI
GLVVROYHGQLWURJHQORVV>@
,WLVZLGHO\SURYHGWKDWWKHVROXWHLQWKHVRLOH[
LVWV PDLQO\ LQ WKH IRUP RI GLVVROYHG DQG DGVRUEHG
VWDWHV 0RVW RI WKH UHVHDUFKHUV GHYRWHG WR FDUU\LQJ
RXWILHOGH[SHULPHQWVZKLFKDLPHGDWFROOHFWLQJVXE
VXUIDFHIORZWKURXJKWURXJKV>@EXWWKH\PLJKW
RQO\KDYHVWXGLHGWKHVXEVXUIDFHIORZDQGQLWURJHQ
ORVV RQ RQH FURVVVHFWLRQ DORQJ WKH VORSH GLUHFWLRQ
GHSHQGLQJ RQ WKH SUHIHUHQWLDO IORZ WKURXJK PDFUR

.(<:25'6
(LJKWVSRWVSUHFLSLWDWLRQLQWHQVLW\VRLOOD\HUVVRLOZDWHU
FRQWHQWVSDWLRWHPSRUDOIHDWXUHV



© by PSP

Volume 26 ± No. 11/2017 pages 6479-6491

SRUHV ZKLFK QHJOHFWHG WKH VSDWLRWHPSRUDO FRQFHQ
WUDWLRQ SDWWHUQV $OVR VRPH UHVHDUFKHUV DSSOLHG
WUDFHUH[SHULPHQWVLQWRVWXG\LQJZDWHUIORZDQGVR
OXWHWUDQVIHU>@ZKLFKPD\QRWUHSUHVHQWWKH
DFWXDO WUDQVIHU RI QXWULHQW LQ WKH VRLO 7KH VROXWH
WUDQVIHUIROORZLQJWKHVXUIDFHUXQRIIRQO\KDSSHQVLQ
D FHUWDLQWKLFNQHVVRIWKH VRLODQGWKH IRUPDWLRQRI
FRQFHQWUDWLRQSHDNVLVWKHFRPPRQFKDUDFWHULVWLFRI
VROXWHWUDQVIHULQUHVSRQVHWRSUHFLSLWDWLRQ>@3H\
UDUG HW DO >@ IRXQG WKDW VROXWH WUDQVIHU UHVXOWHG
IURP WKH RFFXUUHQFH RI SUHIHUHQWLDO IORZ SURFHVV
WKURXJKODWHUDOWUDQVIHUEHKDYLRURQWKHVORSLQJYLQH
\DUG /LFKWLQVWHLQ >@ UHSRUWHG WKDW WKH IHUWLOL]HUV
DSSOLHG FDQ EH IRXQG RYHU  LQ ̚ FP VRLO
OD\HUEXWOHVVWKDQLQ̚FPVRLOOD\HU7KH
VROXWHWUDQVIHUGLVSOD\VGLIIHUHQFHDWGLIIHUHQWORFD
WLRQVDQGVKRZVYDULRXVUHJXODULWLHVLQGLIIHUHQWVSD
WLDO VFDOHV .DKO HW DO UHSRUWHG WKDW ODWHUDO VROXWH
WUDQVIHUZDVQHJOLJLEOHE\WZRPLFURWUHQFKH[SHUL
PHQWV FRQGXFWHG DW GLIIHUHQW VORSH SRVLWLRQV >@
7KH SUHYLRXV VWXGLHV UDUHO\ UHSRUWHG WKH QLWURJHQ
WUDQVIHURQWKHWLPHVFDOHVRLWPD\QHJOHFWWKHWHP
SRUDOFKDUDFWHULVWLFVRIQLWURJHQWUDQVIHU
$VNQRZQVROXWHWUDQVIHUXQGHUWKHSUHFLSLWD
WLRQLVPDLQO\FRPSULVHGRIWZRSURFHVVHVRQHLVWKDW
WKHVROXWHPRYHVGRZQWRGHHSVRLOOD\HUVWKHRWKHU
LVWKDWVROXWHWUDQVIHUVWRZDUGVVRLOVXUIDFHIROORZLQJ
VXUIDFH UXQRII ZKHQ WKH SUHFLSLWDWLRQ LQWHQVLW\ LV
JUHDWHUWKDQLQILOWUDWLRQFDSDFLW\RIWKHVRLO>@8Q
WLOQRZPDQ\GRFXPHQWVKDYHGHVFULEHGWKHVROXWH
WUDQVIHUZLWKVXUIDFHIORZDQGVRPHUHVHDUFKHUVKDYH
FRQWULEXWHGPXFKZRUN>@WRLWEXWIHZVWXGLHV
UHSRUWHGWKHVROXWHPRYLQJGRZQWRGHHSVRLOOD\HUV
/RJVGRQ>@UHSRUWHGWKDWIROORZLQJWKH PPRI
SUHFLSLWDWLRQ WKH VROXWH WUDQVIHUUHG ODWHUDOO\ PRUH
WKDQPLQWKHGRZQVORSHVXEVXUIDFHVRLO
3XUSOHVRLODUHDDFFRXQWVIRUDOPRVWRIWKH
WRWDODUDEOHODQGLQWKH7KUHH*RUJHV5HVHUYRLUDUHD
>@ PRVW RI ZKLFK DUH VORSLQJ IDUPODQG DQG WKLQ
VRLOOD\HUV>@$VDUHVXOWWKHUHWHQWLRQFD
SDFLWLHVRIZDWHUDQGIHUWLOL]HULQWKHSXUSOHVRLOUH
JLRQ VKRZ SRRU SHUIRUPDQFH ZKLFK LV RQH RI WKH
PDLQ VRXUFHV RI DJULFXOWXUDO SROOXWLRQ LQ WKH UHVHU
YRLUDUHD5HVHDUFKHUVSXWPRUHHIIRUWVRQWKHRFFXU
UHQFHRIQLWURJHQORVVZLWKSUHIHUHQWLDOIORZGXHWR
WKHGXDOLVWLFVWUXFWXUHRISXUSOHVRLO>@WKDQWKH
VXEVXUIDFHQLWURJHQWUDQVIHURIWHPSRUDODQGVSDWLDO
VFDOHV+RZHYHUWKHQLWURJHQWUDQVIHUDQGGLVWULEX
WLRQRIWKHVORSLQJIDUPODQGKDVLPSRUWDQWLQIOXHQFH
RQ WKH ZDWHU HQYLURQPHQW DQG FURS \LHOGV LQ WKH
7KUHH*RUJHV5HVHUYRLUDUHD
+HQFH RXU REMHFWLYHV RI WKLV SDSHU DUH   WR
GHVFULEHWKHVRLOZDWHULQILOWUDWLRQRQVORSLQJ IDUP
ODQG VXEMHFWHG WR SUHFLSLWDWLRQ DQG LWV UHODWLRQVKLS
ZLWKQLWURJHQWUDQVIHU  WRHOXFLGDWHWKHSURFHVVRI
GLVVROYHGQLWURJHQLQFOXGLQJ1+1121DQG71
WUDQVIHULQWKHSXUSOHVRLODWVSDWLRWHPSRUDOVFDOHGXU
LQJDSHULRGDIWHUWKHSUHFLSLWDWLRQDQG  WRYHULI\
WKH HIIHFW RI SUHFLSLWDWLRQ LQWHQVLW\ RQ WKH QLWURJHQ
WUDQVIHU RI VORSLQJ IDUPODQG +HUH ZH FRQGXFWHG D
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UDQJHRIVRLOWDQNH[SHULPHQWVVXEMHFWHGWRVLPXODWHG
SUHFLSLWDWLRQVWRSURYLGHWKHWKHRUHWLFDOEDVLVIRUIXU
WKHUVWXG\LQWKHVXEVXUIDFHQLWURJHQWUDQVIHUDQGWKH
IHUWLOL]DWLRQPDQDJHPHQWRIVORSLQJIDUPODQGLQWKH
7KUHH*RUJHV5HVHUYRLUDUHD&KLQD

MATERIALS AND METHODS
6RLOWDQNH[SHULPHQWV  3URSHUWLHVRIWHVW
VRLO7KHH[SHULPHQWDOSXUSOHVRLOZDVFROOHFWHGIURP
WKH ̚ FP VRLO OD\HU RI WKH VORSLQJ IDUPODQG DW
WKH:DQJMLDTLDR ZDWHUVKHGLQ=LJXL&RXQW\+XEHL
3URYLQFH 7KUHH *RUJHV 5HVHUYRLU DUHD ι¶1
ι¶( 7KHH[SHULPHQWDOVLWHEHORQJVWRWKHVXE
WURSLFDO PRQVRRQ FOLPDWH FKDUDFWHUL]HG E\ KRW DQG
UDLQ\VXPPHU7KHDYHUDJHDQQXDOUDLQIDOOLVDERXW
PP ZKLFK RFFXUV LQWHQVHO\ LQ VXPPHU 7KH
EDVLFSK\VLFDODQGFKHPLFDOSURSHUWLHVRIWKHVRLO
OLVWHGLQ7DEOHZHUHPHDVXUHGE\VWDQGDUGPHWK
RGVGHVFULEHGLQ,66$6>@7KHVRLOZDVFODVVL¿HG
DVDPHGLXPWH[WXUHSXUSOHORDP 5HJRVROVLQ)$2
WD[RQRP\DQG(QWLVROLQ86'$WD[RQRP\ DQGUHS
UHVHQWHGWKHPRVWFRPPRQVRLOVRIVORSLQJIDUPODQG
LQWKH7KUHH*RUJHV5HVHUYRLUDUHD
 'HVLJQDQGVHWXS7KHODERUDWRU\H[SHUL
PHQWV ZHUH FRQGXFWHG LQ WKH ,QVWLWXWH RI 6RLO DQG
:DWHU &RQVHUYDWLRQ &KDQJMLDQJ :DWHU 5HVRXUFHV
&RPPLVVLRQ 7KH VHULDO H[SHULPHQWV ZHUH FRQ
GXFWHGLQWKHVXPPHURI-XO\DQG$XJXVW
7KUHH VRLO WDQNV LQ WKH VDPH VL]H )LJXUH  
ZHUH XVHGWRREVHUYH WKH QLWURJHQWUDQVIHUDQGVRLO
ZDWHU FRQWHQW XQGHU GLIIHUHQW SUHFLSLWDWLRQ LQWHQVL
WLHV)RUHDFKWDQNWKHERWWRPZDVSDYHGZLWKD
FPFRDUVHVDQGOD\HU7KHDLUGULHGVRLOVZHUHEDFN
ILOOHGLQWRWKHVRLOWDQNLQFPLQFUHPHQWVZLWKD
EXONGHQVLW\RIJFP7KHVRLOSUR¿OHZDVFRY
HUHGZLWKDQDPLQRSODVWLFZHE%HVLGHVWKHVXUIDFH
RIHDFKOD\HUZDVVFUDWFKHGWRSUHYHQWGHODPLQDWLRQ
'XULQJWKHSURFHVVRIILOOLQJDLUGULHGVRLOVWKHVRLO
PRLVWXUH VHQVRUV DQG QLWURJHQ VDPSOHUV ZHUH LQ
VHUWHGLQWKHVRLODVVKRZQLQ)LJXUH$WRWDOQXP
EHURIHLJKWVRLOPRLVWXUHVHQVRUVDQGHLJKWQLWURJHQ
VDPSOHUVZHUHLQVHUWHGLQWRRQHVRLOWDQNE\ൈDV
VKRZQLQ)LJXUHD$GGLWLRQDOO\WKH PHDVXUHPHQW
HUURURIWKHVRLOPRLVWXUHVHQVRULVZLWKLQEDVHG
RQ WKH )'5 )UHTXHQF\ 'RPDLQ 5HIOHFWRPHWU\ 
SULQFLSOH7KHQLWURJHQVDPSOHUFRQVLVWVRIFHUDPLF
WXEH SODVWLF RXWOHW SLSH DQG HIIOXHQW FROOHFWLQJ MDU
HTXLSSHGZLWKDYDFXXPSXPSWRDFFHOHUDWHHIIOXHQW
7KH XSSHU VRLO OD\HU UHIHUV WR WKH ILUVW VRLO OD\HU
ZKHUHWKHVHQVRUVZHUHLQVHUWHGDWGHSWKVRIFP
DQGWKHORZHUVRLOOD\HUZDVDWGHSWKVRIFP7KH
VORSH RI WKH VRLO WDQNV ZDV DOO FRQWUROOHG DW  q 
ZKLFKDFFRUGHGZLWKPRVWDUDEOHODQGLQWKH7KUHH
*RUJHV5HVHUYRLUDUHD
7KH VRLO WDQNV ZHUH SODFHG LQ D UDLQIDOO KDOO
ZKLFKZDVHTXLSSHGZLWKURXJKO\PKLJKVWDWLRQ
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DU\ DUWLILFLDO UDLQIDOO GHYLFHV7KUHH VLPXODWHG SUH
FLSLWDWLRQ LQWHQVLWLHV ORZ > PPPLQ@ PRGHUDWH
>PPPLQ@DQGKLJK>PPPLQ@ DQGWKUHHUHSOL
FDWHVSHULQWHQVLW\ZHUHGHVLJQHGLQWKLVVWXG\%H
IRUHWKHVLPXODWLRQWKUHHSUHFLSLWDWLRQLQWHQVLWLHVRI
WKHDUWLILFLDOUDLQIDOOGHYLFHVZHUHFDOLEUDWHGE\WHVWV
7KH UDLQIDOO IRUHDFKSUHFLSLWDWLRQHYHQW ZDVVHW WR
 PP $ SUHSUHFLSLWDWLRQ ZDV FRQGXFWHG WR
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DFKLHYHWKHILHOGFDSDFLW\RIZDWHUFRQWHQW8UHDIHU
WLOL]HUZDVDSSOLHGWRHDFKVRLOWDQNDWDUDWHRI
NJ1KPEDVHGRQWKHORFDOIDUPLQJSUDFWLFHVLQWKH
:DQJMLDTLDRZDWHUVKHG3XUHQLWURJHQXUHDSDUWLFOHV
ZLWKRYHUQLWURJHQFRQWHQWZHUHVFDWWHUHGRYHU
WKHVXUIDFHRIWKHVRLORQHGD\EHIRUHVLPXODWLQJWKH
SUHFLSLWDWLRQ

7$%/(
3K\VLFDODQGFKHPLFDOSURSHUWLHVRIWKHH[SHULPHQWDOVRLO
Nitrogen content (mg/Kg)

Testing soil

Bulk density
(g/cm3)

NH4-N

NO3-N

TN

Purple soil

1.32

35.79

34.86

993

Particle size distribution (%)
Sand
Silt
Clay
(˚0.05)
(0.002̚0.05)
(˘0.002)
62.54
35.85
1.61

D 6LGHYLHZRIWKHVRLOWDQN

E 2YHUKHDGYLHZRIWKHVRLOWDQN
),*85(
6FKHPDWLFRIWKHH[SHULPHQWDOVHWXS XQLWVFP 
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),*85(
6RLOZDWHUFRQWHQWRIHLJKWREVHUYDWLRQVSRWV D XQGHUORZSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 
E XQGHUPRGHUDWHSUHFLSLWDWLRQLQWHQVLW\ PPPLQ DQG F XQGHUKLJKSUHFLSLWDWLRQLQWHQVLW\
PPPLQ 
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'DWDFROOHFWLRQDQGDQDO\VLVPHWKRGVIRUQL
WURJHQLQZDWHUVDPSOHV&ROOHFWLQJQLWURJHQVDP
SOHVZKHQWKHHIIOXHQWZDVDEXQGDQWDIWHUWKHEHJLQ
QLQJ RI WKH VLPXODWHG SUHFLSLWDWLRQV 7KH QLWURJHQ
VDPSOHV ZHUH SHULRGLFDOO\ FROOHFWHG HYHU\ WKLUW\
PLQXWHVE\IUDFWLRQFROOHFWRUVXQWLOWKHHIIOXHQWGULHG
XS$WWKHVDPHWLPHWKHVRLOZDWHUFRQWHQWZDVUHF
RUGHGE\VRLOPRLVWXUHVHQVRUVLQWKHFRPSXWHUWHU
PLQDO,WVKRXOGEHQRWHGWKDWWKHZDWHUVDPSOHVRI
VSRWVDQGZHUHH[LJXRXVVRWKHPLVVLQJGDWDRI
QLWURJHQFRQFHQWUDWLRQVRFFXUUHGWRVRPHH[WHQW
1LWURJHQVDPSOHVZHUHVWRUHGLQFOHDQSRO\HWK
\OHQHERWWOHVDQGDW q &7KHGHWHUPLQDWLRQSURFHVV
ZDVFRPSOHWHGZLWKLQKRXUV7KHZDWHUVDPSOHV
ZHUHDQDO\]HGE\XVLQJFRQYHQWLRQDOFKHPLFDODQDO
\VLVPHWKRGV1HVVOHU VUHDJHQWFRORULPHWULFPHWKRG
ZDVXVHGWRPHDVXUHWKHFRQWHQWRI1+1 +-
 &KLQD  8OWUDYLROHW VSHFWURSKRWRPHWULF
PHWKRGZDVDSSOLHGWRWKHGHWHUPLQDWLRQRI121
+-7  &KLQD  3RWDVVLXP SHUVXOIDWH R[L
GDWLRQXOWUDYLROHW VSHFWURSKRWRPHWULF PHWKRG ZDV
XVHGIRU71 +-&KLQD 
6WDWLVWLFDO DQDO\VLV 7KH VRLO PRLVWXUH ZDV
PHDVXUHG LQ WKH IRUP RI YROXPHWULF ZDWHU FRQWHQW
)RUFRPSDULVRQVDWGLIIHUHQWVSRWVLQWKHXSSHUVRLO
OD\HUDQGWKHORZHUVRLOOD\HUDYHUDJHFRQFHQWUDWLRQV
RI1+1121DQG71ZHUHFDOFXODWHGZLWKDOO
FRUUHVSRQGLQJ WLPHYDULDQW GDWD7KH GDWD RI QLWUR
JHQ WUDQVIHU RYHU WLPH ZHUH IURP WKH FRPSDUDWLYH
DQDO\VHV RI WKUHH UHSOLFDWHV IRU HDFK SUHFLSLWDWLRQ
HYHQW 7KH HIIHFWV RI SUHFLSLWDWLRQ LQWHQVLWLHV DQG
VORSH SRVLWLRQV RQ WKH QLWURJHQ WUDQVIHU ZHUH FRQ
GXFWHGE\/6'WHVWV$OOUHSRUWHGUYDOXHVZHUHVLJ
QLILFDQWDWWKHOHYHORISUREDELOLW\ 3 7KH
HUURUEDUVRIPHDQQLWURJHQFRQFHQWUDWLRQVUHSUHVHQW
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WKH PHDQ VWDQGDUG GHYLDWLRQ RI WKUHH LQGHSHQGHQW
UHSOLFDWHH[SHULPHQWV7KHDQDO\VHVZHUHSHUIRUPHG
XVLQJWKH63669HUVLRQ

RESULTS
3UHFLSLWDWLRQ LQILOWUDWLRQ LQ SXUSOH VRLO
VORSHV7KH VRLO ZDWHUFRQWHQWRIHLJKWVSRWVXQGHU
WKUHHSUHFLSLWDWLRQLQWHQVLWLHVDUHSUHVHQWHGLQ)LJXUH
IURPWKHEHJLQQLQJRIWKHSUHFLSLWDWLRQWRWKHHQG
RI VDPSOLQJV7KH LQLWLDO ZDWHU FRQWHQWV RI WKH VRLO
ZHUHDERXWFPFPDIWHUSUHSUHFLSLWDWLRQV7KH
PD[LPXPZDWHUFRQWHQWRIWKHVRLOFDQUHDFKXSWR
 FPFP LQ DOO VLPXODWHG SUHFLSLWDWLRQ HYHQWV
7KH ZDWHU FRQWHQWV RI DOO VSRWV ILUVW LQFUHDVHG DQG
WKHQGHFUHDVHG ZKLFK ZHUH PRUH HYLGHQWGRZQWKH
VORSHDQGWKHLQFUHDVLQJUDWHZDVIDUJUHDWHUWKDQWKH
GHFUHDVLQJ UDWH 7KH VRLO ZDWHU FRQWHQW PRVWO\ DS
SURDFKHGPD[LPXPYDOXHVDWWKHHQGRIWKHSUHFLSL
WDWLRQ$SSDUHQWO\WKHLQILOWUDWLRQRIVRLOZDWHUNHSW
ORZHULQJ DQG YHORFLW\ RI LQILOWUDWLRQ VORZHG DORQJ
WKHXSZDUGGLUHFWLRQRIVORSHHVSHFLDOO\IRUVSRWV
DQG7KHSUHFLSLWDWLRQLQILOWUDWLRQLQWKHXSSHUVRLO
OD\HU ZDV PRUH DQG DW WKH IDVWHU YHORFLW\ WKDQ WKH
ORZHUOD\HUDQGZKLFKZDVWKHPRVWHYLGHQWDWWKH
IRRWRIWKHVORSH,WZDVVXJJHVWHGWKDWWKHVXEVXUIDFH
IORZPRYHGRZQDORQJWKHVORSH$GGLWLRQDOO\VRLO
ZDWHU FRQWHQW ULVH IDVWHU DQG WKH SHDN UDQJH ZDV
JUHDWHUZLWKWKHLQFUHPHQWVLQSUHFLSLWDWLRQLQWHQVLW\
0RUHRYHUWKHGHFUHDVLQJWUHQGVZHUHOHVVSURPLQHQW
ZLWKWKHLQFUHDVLQJSUHFLSLWDWLRQLQWHQVLW\,WFDQEH
GUDZQWKDWDSURORQJHGORZLQWHQVLW\SUHFLSLWDWLRQLV
PRUH OLNHO\ WR FDXVH UDSLG UHJUHVVLRQ RI VRLO ZDWHU
FRQWHQWWKDQDVKRUWKLJKSUHFLSLWDWLRQ

),*85(
1+1WUDQVIHURIHLJKWVSRWV D LQWKHXSSHUDQG E LQWKHORZHUVRLOOD\HUVXQGHUORZSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  F LQWKHXSSHUDQG G LQWKHORZHUVRLOOD\HUVXQGHUPRGHUDWHSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  H LQWKHXSSHUDQG I LQWKHORZHUVRLOOD\HUVXQGHUKLJKSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ 
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),*85(
121WUDQVIHURIHLJKWVSRWV D LQWKHXSSHUDQG E LQWKHORZHUVRLOOD\HUVXQGHUORZSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  F LQWKHXSSHUDQG G LQWKHORZHUVRLOOD\HUXQGHUPRGHUDWHSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  H LQWKHXSSHUDQG I LQWKHORZHUVRLOOD\HUVXQGHUKLJKSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ 
7KH VSDWLRWHPSRUDO IHDWXUHV RI QLWURJHQ
WUDQVIHU,QDOOSUHFLSLWDWLRQHYHQWVWKH121DQG
71 FRQFHQWUDWLRQV SUHVHQWHG UHPDUNDEOH FKDQJHV
GXULQJ D VKRUW LQLWLDO SHULRG RI WKH VLPXODWLRQ EXW
WKHQWKHFRQFHQWUDWLRQFXUYHVWHQGHGWRIODWWHQRYHU
WLPH ZKHUHDV WKH 1+1 FRQFHQWUDWLRQ FXUYHV
VKRZHGPXOWLSOHIOXFWXDWLRQVDQGSHDNV )LJXUHV
DQG 2YHUDOOWKHWHPSRUDOWUDQVIHURI1+1KDG
QRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHXSSHUVRLOOD\
HUVDQGWKHORZHU+RZHYHUWKHJURZLQJPDJQLWXGH
RI1+1FRQFHQWUDWLRQV )LJXUH DQGWKHDYHUDJH
FRQFHQWUDWLRQVZHUHKLJKHULQXSSHUVRLOOD\HUVWKDQ
LQ ORZHU OD\HUV GXULQJ WKH VLPXODWLRQ VXEMHFWHG WR
PRGHUDWH DQG KLJK SUHFLSLWDWLRQ LQWHQVLWLHV )LJXUH
 7KHRFFXUUHQFHRI1+1FRQFHQWUDWLRQSHDNVDW
VSRWVDQGZDVK\VWHUHWLFLQFRQWUDVWWRFRQFHQWUD
WLRQVDWVSRWVDQG )LJXUH 7KH121WUDQVIHU
VKRZHGQRREYLRXVSHDNVDQGYRODWLOLWLHVRYHUWLPH
LQERWKXSSHUDQGORZHUVRLOOD\HUV )LJXUH $ORQJ
WKHGRZQZDUGGLUHFWLRQRIWKHVORSH )URPVSRWWR
  WKH WUDQVIHU RI 121 FRQFHQWUDWLRQV LQGLFDWHG
DFFXPXODWLRQWRZDUGVWKHIRRWRIWKHVORSHLQWKHXS
SHU VRLO OD\HUV )LJXUH   +RZHYHU WKH WUDQVIHU LQ
WKHORZHUOD\HUVKRZHGQRREYLRXVGLIIHUHQFHDPRQJ
IRXUVSRWV,WLVZRUWKPHQWLRQLQJWKDWLQ)LJXUHVE
G DQG I WKH 121 FRQFHQWUDWLRQV LQ ORZHU VRLO
OD\HUVGHFUHDVHGLQWKHLQLWLDOVWDJHRIVLPXODWLRQ%\
FRQWUDVW WKH 121 FRQFHQWUDWLRQV GLVSOD\HG LQ
FUHDVLQJWUHQGVLQWKHXSSHUVRLOOD\HUV )LJXUHVD
F DQG H  'XULQJ WKH REVHUYDWLRQ71 FRQFHQWUD
WLRQVGLVSOD\HGDVWHDG\JURZWKRYHUWLPHDWDOOVSRWV
)LJXUH 7KH)LJXUHDOVRVKRZVSURPLQHQWDFFX
PXODWLRQRI71FRQFHQWUDWLRQVGRZQWKHVORSH71

FRQFHQWUDWLRQV VKRZHG WKH OHDVW JURZWK DW VSRWV 
DQG  EXW WKH RWKHU VSRWV LQ WKH VDPH VRLO OD\HU
VKRZHG FRQVLVWHQW JURZWK WUHQGV 7KH 71 WUDQVIHU
UHYHDOHGODUJHUJURZWKRIFRQFHQWUDWLRQVLQWKHXSSHU
VRLOOD\HUWKDQWKHORZHUOD\HU*HQHUDOO\VSHDNLQJ
WKHQLWURJHQWUDQVIHUZDVDVVRFLDWHGZLWKWKHSRVLWLRQ
RIWKHVORSLQJIDUPODQG7KHJURZLQJUDWHVDQGPDJ
QLWXGHVRIQLWURJHQFRQFHQWUDWLRQVVKRZHGLQFUHDVH
ZLWKWKHGHVFHQGLQJVORSHSRVLWLRQ
7KHPHDQ121FRQFHQWUDWLRQVUDQJLQJIURP
 PJ/ WR  PJ/ ZHUH PXFK KLJKHU WKDQ
1+1IURPPJ/WRPJ/DQGWKHDYHUDJH
121FRQFHQWUDWLRQVDFFRXQWHGIRU̚RIWKH
71LQDOOVSRWVXQGHUWKHILUVWSUHFLSLWDWLRQ%\FRQ
WUDVWWKHSHUFHQWDJHVRI1+1FRQFHQWUDWLRQVRQO\
ZHUHDERXW̚2YHUDOOWKUHHPHDQQLWURJHQ
FRQFHQWUDWLRQV ZHUH UHODWLYHO\ KLJKHU LQ XSSHU VRLO
OD\HU WKDQ WKH ORZHU GXULQJ WKH REVHUYDWLRQ WLPH
)LJXUHVDQG HVSHFLDOO\IRU1+1DQG12
1%HVLGHVWKHPD[LPXPYDOXHRI1+1FRQFHQ
WUDWLRQVRFFXUUHGLQWKHWRSVORSHSRVLWLRQ )LJXUH 
ZKHUHDV WKH PHDQ 121 DQG 71 FRQFHQWUDWLRQV
SUHVHQWHGODJHUYDOXHDWWKHERWWRPRIWKHVORSH )LJ
XUHVDQG 7KHPHDQFRQFHQWUDWLRQVRI1+1
121DQG71ZHUHVWDWLVWLFDOO\GLIIHUHQWDWWKH
OHYHORISUREDELOLW\ZLWKGLIIHUHQWVSRWV 7DEOH HV
SHFLDOO\ EHWZHHQ WKH VSRWV  DQG  7KH DYHUDJH
121DQG71FRQFHQWUDWLRQVLQGLFDWHGVLJQLILFDQW
GLIIHUHQFHEHWZHHQWKHORZHUVSRWVDQGKLJKVSRWVLQ
WKH VDPH VRLO OD\HU ZKLFK ZDV LQ DFFRUGDQFH ZLWK
WKHQLWURJHQDFFXPXODWLRQGRZQWKHVORSH )LJXUHV
DQG 
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),*85(
71WUDQVIHURIHLJKWVSRWV D LQWKHXSSHUDQG E LQWKHORZHUVRLOOD\HUVXQGHUORZSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  F LQWKHXSSHUDQG G LQWKHORZHUVRLOOD\HUVXQGHUPRGHUDWHSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ  H LQWKHXSSHUDQG I LQWKHORZHUVRLOOD\HUVXQGHUKLJKSUHFLSLWDWLRQ
LQWHQVLW\ PPPLQ 

),*85(
121FRQFHQWUDWLRQVVXEMHFWHGWRKLJK
SUHFLSLWDWLRQLQWHQVLW\ D DW E DW
DQG F DW

),*85(
71FRQFHQWUDWLRQVVXEMHFWHGWRKLJKSUHFLSLWDWLRQ
LQWHQVLW\ D DW E DWDQG F DW
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7$%/(
0HDQFRQFHQWUDWLRQVRI1+1121DQG71XQGHUWKUHHSUHFLSLWDWLRQLQWHQVLWLHVGXULQJ REVHUYDWLRQ
timeDWGLIIHUHQWVSRWV

S༄

Parameter
1༃
2
3
4
1#
2#
3#
4#

Mean
1.9b༅
1.4c
2.5a
2.1b
1.5c
1.5c
1.6cb
1.8b

Parameter
༃

1
2
3
4
1#
2#
3#
4#

SE
0.32
0.34
0.31
0.39
0.30
0.34
0.33
0.49
S

Mean
338.2a
292.5b
307.8ab
229.1c
174.4d
139.9e
132.5e
144.6e

Parameter
1༃
2
3
4
1#
2#
3#
4#

༆

SE
32.8
31.9
28.5
32.3
38.9
24.4
25.4
33.2
S

Mean
607.9a
534.5b
428.6c
349.7d
447.3c
390.4cd
405.7cd
288.6e

SE
46.8
49.8
48.4
52.3
48.9
47.4
46.5
50.2

NH4-N (mg/L)
M
Mean
SE
3.1a
0.29
4.1b
0.26
5.2ab
0.33
5.1b
0.38
2.4ab
0.23
2ab
0.22
3.4ab
0.34
3.2b
0.36
NO3-N (mg/L)
M
Mean
SE
453.1a
33.8
326.7b
33.9
326.5b
28.4
245.5c
36.4
142.5d
20.8
177.9d
25.3
180.3d
26.4
146.9d
44.6
TN (mg/L)
M
Mean
SE
707.3a
47.7
684.8ab
51.9
623.4b
48.3
509.8bc
51.5
557.5c
47.5
516.8c
45.4
500.0c
42.5
404.4d
53.4

H
Mean
3.3bc
4.6ab
5.9a
5.5ab
3.9abc
2.1c
3.5bc
3.3bc

SE
0.22
0.21
0.21
0.28
0.19
0.21
0.21
0.29
H

Mean
440.6a
406.5a
341.8b
279.9c
186.2d
119.7e
161.1de
145.9de

SE
34.3
33.8
30.2
40.4
30.3
26.2
26.2
45.9
H

Mean
733.6a
751.9a
725.8a
619.2bc
646.1b
603.8bc
563.5c
466.6d

SE
45.8
50.7
57.6
68.4
48.9
45.3
45.1
54.4

(LJKWREVHUYDWLRQVSRWVVKRZQLQ)LJXUHD
6ORZSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 0PRGHUDWHSUHFLSLWDWLRQLQWHQVLW\ PPPLQ +KLJKSUHFLSL
WDWLRQLQWHQVLW\ PPPLQ 
༅0HDQYDOXHVZLWKWKHVSRWIROORZHGE\DQ\LGHQWLFDOOHWWHUVDUHQRWVWDWLVWLFDOO\GLIIHUHQWDW3
༆6(VWDQGDUGHUURURIWKHPHDQ
༃
༄

7KHQLWURJHQWUDQVIHULQUHVSRQVHWRSUHFLS
LWDWLRQLQWHQVLWLHV$VWKHZKROHWKHQLWURJHQFRQ
FHQWUDWLRQV JUHZ PRVW UDSLGO\ DQG WKH LQFUHPHQWV
ZHUHODUJHVWLQUHVSRQVHWRKLJKSUHFLSLWDWLRQLQWHQ
VLW\ )LJXUHVDQG ,QWKHFDVHRI1+1ZKHQ
WKHSUHFLSLWDWLRQLQWHQVLW\UHDFKHGPPPLQWKH
FRQFHQWUDWLRQVIOXFWXDWHGJUHDWO\ZKLFKZDVHQWLUHO\
GLVWLQFWIURPWKDWXQGHUPPPLQ LQWHQVLW\ )LJXUH
 +RZHYHUWKHGLVWLQFWQHVVWHQGHGWREHVOLJKWDIWHU
WKDW SUHFLSLWDWLRQ LQWHQVLW\ DWWDLQLQJ  PPPLQ
$GGLWLRQDOO\ WKH PHDQ 1+1 FRQFHQWUDWLRQV
VKRZHGOLWWOHGLIIHUHQFHEHWZHHQPRGHUDWHDQGKLJK
SUHFLSLWDWLRQ LQWHQVLWLHV )LJXUH   7KH 1+1
WUDQVIHU ZDV PRUH VHQVLWLYH IURP ORZ WR PRGHUDWH
SUHFLSLWDWLRQLQWHQVLWLHV

,Q WKH XSSHU VRLO OD\HU WKH 121 FRQFHQWUD
WLRQV VKRZHG IDVWHVWJURZLQJ UDWHV XQGHU KLJK SUH
FLSLWDWLRQLQWHQVLW\DWWKHHDUO\VWDJHRIREVHUYDWLRQ
)LJXUHVDFDQGH 0HDQZKLOHLQWKHORZHUVRLO
OD\HU WKH GHFOLQLQJ WUHQGV DW WKH VDPH VSRW RQO\
ODVWHGDERXWRQHKRXUXQGHUKLJKSUHFLSLWDWLRQLQWHQ
VLW\ )LJXUH I  LQ FRQWUDVW ZLWK WKUHH KRXUV XQGHU
ORZSUHFLSLWDWLRQLQWHQVLW\ )LJXUHE 7KLVGXUDWLRQ
RIGHFOLQHLQGLFDWHGWKDW121FRQFHQWUDWLRQVLQWKH
ORZHUVRLOOD\HUPD\LQFUHDVHLQODWHUWUDQVIHU$OVR
WKHPHDQFRQFHQWUDWLRQVKDGSRVLWLYHUHODWLRQWRWKH
SUHFLSLWDWLRQLQWHQVLWLHVLQWKHXSSHUVRLOOD\HUZKLOH
LWGLVSOD\HGQRGLVWLQFWUHJXODULWLHVLQWKHORZHUVRLO
OD\HU )LJXUH 
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),*85(
0HDQ1+1FRQFHQWUDWLRQVRIHLJKWVSRWVXQGHU6ORZSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 
0PRGHUDWHSUHFLSLWDWLRQLQWHQVLW\ PPPLQ DQG+KLJKSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 

),*85(
0HDQ121FRQFHQWUDWLRQVRIHLJKWVSRWVXQGHU6ORZSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 
0PRGHUDWHSUHFLSLWDWLRQLQWHQVLW\ PPPLQ DQG+KLJKSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 



© by PSP

Volume 26 ± No. 11/2017 pages 6479-6491

Fresenius Environmental Bulletin

),*85(
0HDQ71FRQFHQWUDWLRQVRIHLJKWVSRWVXQGHU6ORZSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 0PRGHUDWH
SUHFLSLWDWLRQLQWHQVLW\ PPPLQ DQG+KLJKSUHFLSLWDWLRQLQWHQVLW\ PPPLQ 
2EYLRXVO\WKHLQFUHDVLQJSUHFLSLWDWLRQLQWHQVL
WLHVFDQHQKDQFHWKHJURZWKUDWHVRI71 )LJXUH 
7KH SUHFLSLWDWLRQ LQWHQVLWLHV VKRZHG D ODJHU LQIOX
HQFHRQ71WUDQVIHULQWKH XSSHUWKDQLQWKH ORZHU
VRLO OD\HUV 'XULQJ WKH REVHUYDWLRQ WLPH PRVW 71
FRQFHQWUDWLRQV JUHZ DW D UDWH RI  PJ/ SHU 
PPPLQSUHFLSLWDWLRQLQWHQVLW\ )LJXUH $GGLWLRQ
DOO\WKHKLJKHVWSHDN71FRQFHQWUDWLRQVXQGHUORZ
PRGHUDWH DQG KLJK LQWHQVLW\ SUHFLSLWDWLRQV ZHUH
 PJ/  PJ/ DQG  PJ/ UHVSHF
WLYHO\ 7KH UHVXOWV VKRZHG QR VLJQLILFDQW HIIHFW RI
SUHFLSLWDWLRQLQWHQVLWLHVRQDFFXPXODWLRQRI71FRQ
FHQWUDWLRQVGRZQWKHVORSH,WSUHVHQWHGDUHODWLYHO\
VOLJKWLQFUHDVHLQWKH71DQG1+1PHDQFRQFHQ
WUDWLRQVEHWZHHQPRGHUDWHDQGKLJKSUHFLSLWDWLRQLQ
WHQVLWLHV )LJXUHVDQG 0RUHRYHUWKHHIIHFWRI
SUHFLSLWDWLRQ LQWHQVLWLHV RQ 121 GLVWULEXWLRQ
VKRZHGPRUHFRPSOH[LWLHV )LJXUH 
,QDGGLWLRQWKHQLWURJHQFRQFHQWUDWLRQVRIPRVW
VSRWVZHUHVWDWLVWLFDOO\GLIIHUHQW 3 VXEMHFWHG
WRWKUHHVLPXODWHGSUHFLSLWDWLRQLQWHQVLWLHV )LJXUHV
 DQG   HVSHFLDOO\ WKH VLJQLILFDQW GLIIHUHQFH EH
WZHHQORZDQGKLJKSUHFLSLWDWLRQLQWHQVLWLHV

DISCUSSION
7KH UHODWLRQVKLS EHWZHHQ QLWURJHQ WUDQVIHU
DQGZDWHULQILOWUDWLRQ7KHVROXWHWUDQVIHUVZLWKWKH
VRLOZDWHUPRYHPHQWDQGLWVRZQFRQFHQWUDWLRQJUD
GLHQW >@7KH UHVXOWV RI WKLV VWXG\ VKRZHG WKDW
GXULQJWKHLQLWLDOVWDJHRIREVHUYDWLRQWKH QLWURJHQ
WUDQVIHUUHGDORQJZLWKWKHJURZWKLQVRLOZDWHUFRQ
WHQW$IWHUZDUGVWKHQLWURJHQVWLOOSUHVHQWHGSURPL
QHQW WUDQVIHU RYHU WLPH GHVSLWH ZHDN GRZQZDUG
WUHQGVRIWKHVRLOZDWHUFRQWHQWDIWHUWKHSUHFLSLWDWLRQ

7KHXUHDLVGLVVROYHGLQVRLOZDWHUDQGPRYHGLQWR
WKHVRLOZLWKSUHFLSLWDWLRQLQILOWUDWLRQ$IWHUWKHZDWHU
FRQWHQWUHDFKHGWKHPD[LPXPYDOXHWKHLQILOWUDWLRQ
UDWHIHOORIIUDSLGO\EXWWKHQLWURJHQPRYHPHQWVWLOO
H[LVWHGZKLFKPLJKWWUDQVIHUE\FRQFHQWUDWLRQJUDGL
HQW$W VSRWV  DQG WKH ORZ VRLO ZDWHU FRQWHQWV
OHDG WR WKH ORZ QLWURJHQ FRQFHQWUDWLRQV DQG GLV
SOD\HG UHODWLYHO\ VORZ JURZWK7KXV LW FDQ EH VHHQ
WKDW GLVVROYHG QLWURJHQ WUDQVIHU GHSHQGV PRVWO\ RQ
VRLO ZDWHU PRYHPHQW 7KH QLWURJHQ FRQFHQWUDWLRQV
DFFXPXODWHGWRWKHERWWRPRIWKHVORSHWRVRPHH[
WHQWLQDFFRUGDQFHZLWKSUHFLSLWDWLRQDFFXPXODWLRQ
DORQJ ZLWK WKH VXEVXUIDFH IORZ GRZQ WKH VORSH
0RUHRYHUDSURORQJHGORZLQWHQVLW\SUHFLSLWDWLRQLV
PRUHOLNHO\WRLQGXFHUDSLGUHJUHVVLRQRIVRLOZDWHU
FRQWHQW WKDQ D VKRUW KLJK SUHFLSLWDWLRQ 7KXV WKH
1+1 WUDQVIHU VKRZHG PRUH UHPDUNDEOH IOXFWXD
WLRQV DIWHU VKRUW KLJK LQWHQVLW\ SUHFLSLWDWLRQV$OVR
WKH121DQG71WUDQVIHUVVKRZHGPRUHJURZWKDV
WKH VOLJKW DQG JHQWOH UHJUHVVLRQ RI VRLO PRLVWXUH LQ
UHVSRQVHWRVKRUWKLJKLQWHQVLW\SUHFLSLWDWLRQV
7KH LPSDFW RI VORSH SRVLWLRQ RQ QLWURJHQ
WUDQVIHU7KHVROXWHWUDQVIHUSKHQRPHQDDUHYDULRXV
LQGLYHUVHORFDWLRQVRIVORSLQJODQGDQGGLVSOD\YDU
LRXVUHJXODULWLHVDWGLIIHUHQWVSDWLDOVFDOHV>@
.DKOHWDO>@UHSRUWHGWKDWEXONVROXWHWUDQVIHUZDV
PDLQO\ YHUWLFDO DQG WKH LQWHUIORZ ZDV VHYHQ WLPHV
KLJKHUDWWKHIRRWVORSHWKDQPLGVORSHSRVLWLRQ7KH
UHVXOWVSUHVHQWHGKHUH OHDGWRWKH VDPH FRQFOXVLRQ
7KH1+1FRQFHQWUDWLRQSHDNVDWKLJKVSRWVH[LVWHG
K\VWHUHVLV LQ FRQWUDVW ZLWK ORZ VSRWV 7KH 121
VKRZHG GLVWLQFW WUDQVIHU WUHQGV EHWZHHQ WKH XSSHU
DQGORZHUVRLOOD\HUV7KH71DFFXPXODWHGWRZDUGV
WKHERWWRPRIWKHVORSH7KHIOXFWXDWLRQVRIERWKVR
OXWHDQGZDWHUFRQWHQWDSSHDUJUHDWHULQVKDOORZWKDQ
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GHHSHU VRLO OD\HUV DV SURSRVHG E\ :HQGURWK HW
DO>@ 6LPLODUO\ LQ WKLV VWXG\ WKH LQFUHDVLQJ UDWH
DQGUDQJHRIVRLOZDWHUFRQWHQWZDVHYLGHQWO\ODUJHU
LQWKHXSSHUWKDQWKHORZHUVRLOOD\HUV7KH1+1
DQG121PHDQFRQFHQWUDWLRQVZHUHREYLRXVO\OD
JHULQWKHXSSHUWKDQWKHORZHUVRLOOD\HUVDQG71
GLVSOD\HGUHODWLYHO\OLJKWLQFUHPHQWVLQWKHVKDOORZ
WKDQ GHHSHU VRLO OD\HUV7KH QLWURJHQ DFFXPXODWLRQ
ZDVPRUHOLNHO\WRRFFXULQORZORFDWLRQVRIWKHVORSH
UHVXOWLQJIURPWKHXQGRXEWHGVXEVXUIDFHIORZGRZQ
WKHVORSH
0DQ\VWXGLHVKDYHSURYHGWKDWWKH121LVH[
WUHPHO\PRELOHDQGFDQWUDQVIHUHDVLO\E\VXEVXUIDFH
SDWK>@,WPD\EHLQIHUUHGWKDWWKH121PD\
DSSHDU IOXLG WUDQVIHU E\ VXEVXUIDFH SDWK GXH WR WKH
GXDOLVWLFVWUXFWXUHRISXUSOHVRLOWKXVWKH121SUH
VHQWHGFRQWUDU\WUDQVIHUEHWZHHQWKH XSSHUDQGWKH
ORZHUVRLOOD\HUVLQWKLVVWXG\)XUWKHUPRUHLWFDQEH
FRQMHFWXUHGWKDWWKHH[LVWHQFHRI121FRQFHQWUD
WLRQ JURZWK LQ WKH ORZHU VRLO OD\HUV ODWHU DIWHU WKH
REVHUYDWLRQLQWKLVVWXG\7KH FRPSOH[LW\RIGLVWUL
EXWLRQVVXEMHFWHGWRSUHFLSLWDWLRQLQWHQVLWLHVDOVRLO
OXVWUDWHWKHH[WUHPHPRELOLW\RI121
(IIHFWVRISUHFLSLWDWLRQLQWHQVLW\RQQLWURJHQ
WUDQVIHU2XUUHVXOWVLQGLFDWHWKDW71WUDQVIHUVKDYH
DSRVLWLYHFRUUHODWLRQZLWKWKHSUHFLSLWDWLRQLQWHQVLW\
DQGWKHQLWURJHQWUDQVIHUYHORFLWLHVLQFUHDVHZLWKWKH
LQFUHPHQWVLQSUHFLSLWDWLRQLQWHQVLW\=LERHWDOKDYH
UHSRUWHGWKDWUDLQIDOOLQILOWUDWLRQKDVDVLJQLILFDQWLP
SDFWRQWKHVROXWHGLIIXVLRQDQGWUDQVIHU$GGLWLRQDOO\
WKHLQFUHDVHLQSUHFLSLWDWLRQLQWHQVLW\LQGXFHVULVHVLQ
VROXWH FRQFHQWUDWLRQV DQG WKH ULVHV LQ WKH VKDOORZ
VRLO OD\HUV ZHUH PRUH UHPDUNDEOH >@ 7KH ZDWHU
GURS LPSDFW HQHUJ\ RI KLJK LQWHQVLW\ SUHFLSLWDWLRQ
GHFLGHV WKH LQILOWUDWLRQ UDWH RI WKH VRLO >@ ZKLFK
WKHQHQKDQFHVWKH QLWURJHQWUDQVIHULQWKH VRLO %H
VLGHVWKHUDLQIDOORIKLJKLQWHQVLW\LVKLJKHUWKDQORZ
LQWHQVLW\GXULQJWKHVDPHSHULRGRIWLPHZKLFKPD\
FDXVHGHHSHUQLWURJHQWUDQVIHUWRVRPHGHJUHH7KH
VROXWHOHDFKLQJFRLQFLGHGSRVLWLYHO\ZLWKWKHDPRXQW
RIZDWHUDSSOLHGEXWQHJDWLYHO\ZLWKWKHSUHFLSLWDWLRQ
LQWHQVLW\ DV SUHVHQWHG E\ :HQGURWK HW DO >@ ,Q
FDVHRI:HQGURWKHWDOWKHSORWWRWDOO\PORQJ
ZDVLQDODUJHUVFDOHWKDQWKHSORWLQRXUVWXG\$OVR
WKH VDPSOHV WDNHQ WKURXJK VRLO FRUHV LQ WKHLU VWXG\
FDXVHSUHGLFDEOHGLIIHUHQFHVIURPRXUZDWHUVDPSOHV
$VVKRZQLQ)LJXUHWKHGLVWLQFWLRQVRIPHDQ
121 FRQFHQWUDWLRQV LQ UHVSRQVH WR GLIIHUHQW SUH
FLSLWDWLRQLQWHQVLWLHVZHUHQRWFOHDUGXHWRWKHKRPR
JHQHRXVSRURXVPHGLDLQWKHVRLOWDQNDVKDVEHHQ
VXJJHVWHGE\RWKHUV>@

CONCLUSIONS
7KHUHVXOWVRIWKLVVWXG\KDYHVKRZQWKDWKLJK
VLPXODWHG SUHFLSLWDWLRQ LQWHQVLW\ FDXVHG PRUH DQG
IDVWHUJURZWKRIQLWURJHQWUDQVIHU7KHHIIHFWVRISUH
FLSLWDWLRQ LQWHQVLW\ RQ WKH QLWURJHQ WUDQVIHU FDQ EH
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H[SUHVVHGLQWHUPVRIVRLOZDWHUFRQWHQWWRVRPHH[
WHQW 7KH QLWURJHQ FRQFHQWUDWLRQV DSSUR[LPDWHO\
VKRZHGQRVLJQLILFDQWGLIIHUHQFHEHWZHHQFPDQG
FPVRLOGHSWKVGXULQJREVHUYDWLRQWLPHH[FHSWIRU
1217KH121RFFXSLHGDODUJHSURSRUWLRQRI
GLVVROYHG71FRQFHQWUDWLRQVLQWKHSXUSOHVRLODIWHU
DSSO\LQJ XUHD IHUWLOL]HU 121 DW WZR VRLO GHSWKV
SUHVHQWLQJGLVWLQJXLVKLQJWUDQVIHUVFDQUHVXOWLQLP
SRUWDQWLQIOXHQFHVRQWKHFURSJURZWKDQGWKHORVV
KDSSHQHG LQ WKH GHHSHU VRLO OD\HUV FDQ OHDG WR
JURXQGZDWHUSROOXWLRQ7KHSURJUHVVRI121DQG
71WUDQVIHUVKRZHGDUHODWLYHO\SURPLQHQWDFFXPX
ODWLRQWRZDUGVWKHERWWRPRIWKHVORSH2XUUHVXOWV
WKHUHIRUHVXJJHVWFRQWUROOLQJWKHDPRXQWRIIHUWLOL]HU
EDVHG RQ WKH UDLQ LQWHQVLW\ DQG WKH VORSH SRVLWLRQ
PLJKW SOD\ DQ HIIHFWLYH UROH LQ WKH FURS JURZWK RQ
VORSLQJIDUPODQGDQGPLWLJDWLRQRIWKHJURXQGZDWHU
FRQWDPLQDWLRQLQWKH7KUHH*RUJHV5HVHUYRLUDUHD
$&.12:/('*(0(176
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO1DWXUDO
6FLHQFH )RXQGDWLRQ RI &KLQD XQGHU *UDQW
>@DQG6FLHQWLILF5HVHDUFK,QQRYDWLRQ3UR
MHFWVLQ-LDQJVX*HQHUDO8QLYHUVLWLHV RI&KLQDXQGHU
*UDQW >%@ :H DOVR DFNQRZOHGJH WKH
&KDQJMLDQJ5LYHU6FLHQWL¿F5HVHDUFK,QVWLWXWHIRULWV
VXSSRUWRIWKLVUHVHDUFK
5()(5(1&(6
[1] 7DQJ ;< =KX % DQG .DWRX +   $
UHYLHZ RI UDSLG WUDQVSRUW RI SHVWLFLGHV IURP
VORSLQJ IDUPODQG WR VXUIDFH ZDWHUV 3URFHVVHV
DQG PLWLJDWLRQ VWUDWHJLHV -RXUQDO RI
(QYLURQPHQWDO6FLHQFH
[2] .RHKQH-0.RHKQH6DQG6LPXQHN-  
$ UHYLHZ RI PRGHO DSSOLFDWLRQV IRU VWUXFWXUHG
VRLOV E  3HVWLFLGH WUDQVSRUW -RXUQDO RI
&RQWDPLQDQW+\GURORJ\
[3] 3LRQNH+%*EXUHN:-DQG6KDUSOH\$1
  &ULWLFDO VRXUFH DUHD FRQWUROV RQ ZDWHU
TXDOLW\ LQ DQ DJULFXOWXUDO ZDWHUVKHG ORFDWHG LQ
WKH&KHVDSHDNH%DVLQ(FRORJLFDO(QJLQHHULQJ

[4] =KDR<*DQG6KDR0$  ([SHULPHQWDO
6WXG\ RQ 1LWUDWH 7UDQVSRUW IRU 'LIIHUHQW
)HUWLOL]DWLRQ0HWKRGV7UDQVDFWLRQVRIWKH&6$(

[5] =KDQJ =< .RQJ // =KX / DQG 0ZL\D
50  (IIHFWRI'UDLQDJH'LWFK/D\RXWRQ
1LWURJHQ /RVV E\ 5XQRII IURP DQ$JULFXOWXUDO
:DWHUVKHG3HGRVSKHUH
[6] /RJVGRQ 6'   6XEVXUIDFH ODWHUDO
WUDQVSRUWLQJODFLDOWLOOVRLOV7UDQVDFWLRQVRIWKH
$6$%(
[7] =KHQJ +/ :HL - &KHQ *- DQG /L <%
  5HYLHZ RI 6RLO (URVLRQ RQ 3XUSOHVRLO
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6ORSLQJ &URSODQGV LQ 7KUHH *RUJHV 5HVHUYRLU
$UHD-RXUQDORI&KRQJTLQJ1RUPDO8QLYHUVLW\
1DWXUDO6FLHQFH(GLWLRQ
[8] :DQJ+0/L;:&KHQ=-DQG/LDR;<
 6RLO(URVLRQDQG1XWULHQW/RVVRI6ORSH
RI3DWWHUQRI&RPSRXQG)DUPLQJRI*UDLQ&DVH
FURS7UHHV LQ 7KUHH *RUJHV 5HVHUYRLU $UHD
-RXUQDORI6RLODQG:DWHU&RQVHUYDWLRQ

[9] /LWWOH-/%HQQHWW'5DQG0LOOHU--  
1XWULHQW DQG VHGLPHQW ORVVHV XQGHU VLPXODWHG
UDLQIDOO IROORZLQJ PDQXUH LQFRUSRUDWLRQ E\
GLIIHUHQW PHWKRGV -RXUQDO RI (QYLURQPHQWDO
4XDOLW\
[10] +XDQJ/'LQJ6:'RQJ=&DL4*DQG
=KDQJ*<  6WXG\RQ1XWULHQW/RVVHVRI
3XUSOH6RLOLQ7KUHH*RUJHV5HVHUYRLU5HJLRQ
-RXUQDO RI 6RLO (URVLRQ DQG 6RLO DQG :DWHU
&RQVHUYDWLRQ
[11] )OXU\ 0   ([SHULPHQWDO HYLGHQFH RI
WUDQVSRUW RI SHVWLFLGHV WKURXJK ILHOG VRLOV  $
UHYLHZ -RXUQDO RI (QYLURQPHQWDO 4XDOLW\ 

[12] <DQJ -= <H =7 -LD := DQG <DQ 6/
 )LHOG([SHULPHQWRQ6ROXWH7UDQVSRUWLQ
DQ8QVDWXUDWHG6RLO$GYDQFHVLQ:DWHU6FLHQFH

[13] 3RW96LPXQHN-%HQRLW3&RTXHW<<UD
$DQG0DUWLQH]&RUGRQ0-  ,PSDFWRI
UDLQIDOO LQWHQVLW\ RQ WKH WUDQVSRUW RI WZR
KHUELFLGHVLQXQGLVWXUEHGJUDVVHGILOWHUVWULSVRLO
FRUHV -RXUQDO RI &RQWDPLQDQW +\GURORJ\ 

[14] =KDR 3 7DQJ ;< 7DQJ -/ DQG =KX %
 7KHQLWURJHQORVVIOXVKLQJPHFKDQLVPLQ
VORSLQJ IDUPODQGV RI VKDOORZ (QWLVRO LQ
VRXWKZHVWHUQ&KLQDDVWXG\RIWKHZDWHUVRXUFH
HIIHFW $UDELDQ -RXUQDO RI *HRVFLHQFHV 

[15] -LD+</HL$/HL-6<H0DQG=KDR-=
  (IIHFWV RI K\GURORJLFDO SURFHVVHV RQ
QLWURJHQORVVLQSXUSOHVRLO$JULFXOWXUDO:DWHU
0DQDJHPHQW
[16] .DKO*,QJZHUVHQ-1XWQL\RP37RWUDNRRO
6 3DQVRPEDW . 7KDYRUQ\XWLNDUQ 3 DQG
6WUHFN7  0LFURWUHQFKH[SHULPHQWVRQ
LQWHUIORZ DQG ODWHUDO SHVWLFLGH WUDQVSRUW LQ D
VORSHG VRLO LQ 1RUWKHUQ 7KDLODQG -RXUQDO RI
(QYLURQPHQWDO4XDOLW\
[17] :DQJ . =KDQJ 5 DQG 6KHQJ )  
&KDUDFWHUL]LQJ KHWHURJHQHRXV SURFHVVHV RI
ZDWHU IORZ DQG VROXWH WUDQVSRUW LQ VRLOV XVLQJ
PXOWLSOH WUDFHU H[SHULPHQWV 9DGRVH =RQH -

[18] /DLQH.DXOLR + %DFNQDV 6 .DUYRQHQ 7
.RLYXVDOR + DQG 0F'RQQHOO --  
/DWHUDO VXEVXUIDFH VWRUPIORZ DQG VROXWH
WUDQVSRUW LQ D IRUHVWHG KLOOVORSH $ FRPELQHG
PHDVXUHPHQW DQG PRGHOLQJ DSSURDFK :DWHU
5HVRXUFHV5HVHDUFK
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[19] 6XJLWD ) DQG 1DNDQH .   &RPELQHG
HIIHFWV RI UDLQIDOO SDWWHUQV DQG SRURXV PHGLD
SURSHUWLHV RQ QLWUDWH OHDFKLQJ 9DGRVH =RQH
-RXUQDO
[20] :DQJ4-6KHQ-:DQJ:<*X:=4LQ
:* DQG <DQJ 1=   7KH ODERUDWRU\
H[SHULPHQWRIVROXWHLQORHVVVORSHPRYLQJZLWK
VXUIDFH UXQRII -RXUQDO RI 6RLO DQG :DWHU
&RQVHUYDWLRQ
[21] 3H\UDUG;/LJHU/*XLOOHPDLQ&DQG*RX\
9  $ WUHQFK VWXG\ WR DVVHVV WUDQVIHU RI
SHVWLFLGHV LQ VXEVXUIDFH ODWHUDO IORZ IRU D VRLO
ZLWKFRQWUDVWLQJWH[WXUHRQDVORSLQJYLQH\DUGLQ
%HDXMRODLV (QYLURQPHQWDO 6FLHQFH DQG
3ROOXWLRQ5HVHDUFK
[22] /LFKWLQVWHLQ (3   0RYHPHQW RI
LQVHFWLFLGHV LQ VRLOV XQGHU OHDFKLQJ DQG QRQ
OHDFKLQJ FRQGLWLRQV -RXUQDO RI (FRQRPLF
(QWRPRORJ\
[23] =KDQJ<+1LX-=:DQJ;/+DQ<1
7DQ -3 DQG 'X ;4   &RQWUROOLQJ
)DFWRUV RI 6ROXWH 3UHIHUHQWLDO 7UDQVSRUW LQ
6RLO$ 5HYLHZ -RXUQDO RI ,UULJDWLRQ DQG
'UDLQDJH
[24] :DQJ + :DQJ 4 DQG 6KDR 0$  
/DERUDWRU\H[SHULPHQWVRIVRLOQXWULHQWWUDQVIHU
LQ WKH ORHVV VORSH ZLWK VXUIDFH UXQRII GXULQJ
VLPXODWHGUDLQIDOO7UDQVDFWLRQVRIWKH &KLQHVH
6RFLHW\RI$JULFXOWXUDO(QJLQHHULQJ
[25] 7LDQ.+XDQJ&+:DQJ*47LDQ3)X
;' DQG *XR +'   0RYHPHQW RI VRLO
VROXWH XQGHU VLPXODWHG UDLQIDOO UXQRII
7UDQVDFWLRQVRIWKH&6$(
[26] )LHUHU1*DQG*DEHW(-  &DUERQDQG
QLWURJHQ ORVVHV E\ VXUIDFH UXQRII IROORZLQJ
FKDQJHVLQYHJHWDWLRQ-RXUQDORI(QYLURQPHQWDO
4XDOLW\
[27] 0D ; /L< /L %/ +DQ:< /LX '%
DQG*DQ;=  1LWURJHQDQGSKRVSKRUXV
ORVVHV E\ UXQRII HURVLRQ )LHOG GDWD PRQLWRUHG
XQGHUQDWXUDOUDLQIDOOLQ7KUHH*RUJHV5HVHUYRLU
$UHD&KLQD&DWHQD
[28] :HL &) 1L -3 *DR 0 ;LH '7 DQG
+DVHJDZD6  $QWKURSLFSHGRJHQHVLVRI
SXUSOHURFNIUDJPHQWVLQ6LFKXDQ%DVLQ&KLQD
&DWHQD
[29] )X=</L=;&DL&)DQG*XR=/  
,PSDFWRIERXQGDU\FRQGLWLRQVRQVRLOZDWHUDQG
VXEVXUIDFH IORZ LQ VKDOORZ SXUSOH VRLO VORSH
-RXUQDORI+\GUDXOLF(QJLQHHULQJ
[30] 7DQJ-/=KX%:DQJ7&KHQJ;4*DR
05 DQG /LQ +   6XEVXUIDFH )ORZ
3URFHVVHV LQ 6ORSLQJ &URSODQG RI 3XUSOH 6RLO
-0W6FL
[31] 1DQMLQJ ,QVWLWXWH 2I 6RLO 6FLHQFH &KLQHVH
$FDGHP\ 2I 6FLHQFHV   $QDO\VLV RI
SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI VRLO
6KDQJKDL6FLHQFH3UHVV6KDQJKDL
[32] 'H5LGGHU 1 6WRPSK 7- DQG )UHVFR /2
 (IIHFWVRIODQGXVHFKDQJHVRQZDWHUDQG



© by PSP

Volume 26 ± No. 11/2017 pages 6479-6491

QLWURJHQ IORZV DW WKH VFDOH RI :HVW $IULFDQ
LQODQGYDOOH\V$FRQFHSWXDOPRGHO,Q3HQQLQJ
GH9ULHV):7 (G 6\VWHPV$SSURDFKHV)RU
6XVWDLQDEOH$JULFXOWXUDO 'HYHORSPHQW .OXZHU
$FDGHPLF3XEOLVKHUV+ROODQGSS
[33] 'DDQHQ53DQG1LHEHU-/  0RGHOIRU
&RXSOHG/LTXLG:DWHU)ORZDQG+HDW7UDQVSRUW
ZLWK 3KDVH &KDQJH LQ D 6QRZSDFN -RXUQDO RI
&ROG5HJLRQV(QJLQHHULQJ
[34] /HL =' +X +3 DQG <DQJ 6;   $
5HYLHZ RI 6RLO :DWHU 5HVHDUFK $GYDQFHV LQ
:DWHU6FLHQFH
[35] 7LDQ . +XDQJ &+ DQG =KDQJ *-  
/DERUDWRU\VLPXODWLRQH[SHULPHQWRQFKHPLFDO
WUDQVSRUW IURP VRLO WR VXUIDFH UXQRII
7UDQVDFWLRQVRIWKH&6$(
[36] :HQGURWK 2 9DVTXH] 9 DQG 0DWRFKD &-
 )LHOGH[SHULPHQWDODSSURDFKWREURPLGH
OHDFKLQJ DV DIIHFWHG E\ VFDOHVSHFLILF UDLQIDOO
FKDUDFWHULVWLFV :DWHU 5HVRXUFHV 5HVHDUFK 
:/GRL:5
[37] 3HWHUVRQ(:'DYLV 5.%UDKDQD-9DQG
2UQGRUII +$   0RYHPHQW RI QLWUDWH
WKURXJK UHJROLWK FRYHUHG NDUVW WHUUDQH
QRUWKZHVW$UNDQVDV-RXUQDORI+\GURORJ\

[38] =XR =% =KDQJ // DQG:DQJ -+  
1XPHULFDO 6LPXODWLRQ RI &RQWDPLQDQWV
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[39] $JDVVL00RULQ-DQG6KDLQEHUJ,  
(IIHFW RI 5DLQGURS ,PSDFW (QHUJ\ DQG :DWHU
6DOLQLW\ RQ ,QILOWUDWLRQ 5DWHV RI 6RGLF 6RLOV
6RLO 6FLHQFH 6RFLHW\ RI $PHULFD -RXUQDO 
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UHPRYDOHIILFLHQF\VLPSOLFLW\RIGHVLJQHDVHRSHUD
WLRQDQGLQVHQVLWLYLW\WRWR[LFVXEVWDQFHV>@+RZ
HYHUWKHKLJKFRVWRIDFWLYDWHGFDUERQUHPDLQVWREH
DSUREOHPZKLFKUHVWULFWVLWVZLGHDSSOLFDWLRQ
9DULRXVVWXGLHVKDYHEHHQFDUULHGRXWWRVHDUFK
IRU KLJK HIILFLHQF\ DQG ORZFRVW DGVRUEHQW IRU G\H
UHPRYDO VXFK DV VLOLFD JHO QDWXUDO FOD\ LQGXVWULDO
DQG DJULFXOWXUDO ZDVWHV > @$PRQJ WKHP WKH
DJULFXOWXUDODQGIRUHVWU\ZDVWHVDUHDYDOXDEOHSRWHQ
WLDOSUHFXUVRUIRUORZFRVWFDUERQSURGXFWLRQIRUWKH\
DUHPDLQO\FRPSRVHGRIFHOOXORVHVHPL FHOOXORVH
DQGSURWHLQV ZKLFKFDQEH WXUQHGWRFDUERQDFHRXV
PDWHULDO ZLWK KLJKO\ GHYHORSHG SRURVLW\ 'LVWLOOHUV 
JUDLQVLVDQDJULFXOWXUHZDVWHFRQVLVWHGRISRO\SKH
QROPLQHUDOOLSLGDQGFHOOXORVH>@,WKDVWKHSR
WHQWLDOWREHWXUQHGLQWRDFWLYDWHGFDUERQ+RZHYHU
IHZUHVHDUFKHVKDYHEHHQUHSRUWHGWRVWXG\WKHIHD
VLELOLW\RIWXUQLQJGLVWLOOHU VJUDLQLQWRDGVRUEHQW
7KLVZRUNLVDLPWRVWXG\WKHSRWHQWLDORIXVLQJ
GLVWLOOHU V JUDLQ DV D SUHFXUVRU WR SURGXFH DFWLYDWHG
FDUERQDQGHYDOXDWHLWVDGVRUSWLYHFDSDFLW\WRZDUGV
0%LQDTXHRXVVROXWLRQ7KHLQIOXHQFHRIDGVRUEHQW
GRVDJHLQLWLDOVROXWLRQS+WHPSHUDWXUHDQGUHDFWLRQ
WLPHZDVLQYHVWLJDWHG7KHDGVRUSWLRQLVRWKHUPVNL
QHWLFV DQG WKHUPRG\QDPLF VWXGLHV ZHUH DOVR GLV
FXVVHGWRIXUWKHUHYDOXDWHWKHDGVRUSWLRQSRWHQWLDORI
GLVWLOOHU V JUDLQ EDVHG DFWLYDWHG FDUERQ IRU WKH UH
PRYDORI0%IURPDTXHRXVVROXWLRQ

ABSTRACT
,QWKLVSDSHUDQRYHODFWLYDWHGFDUERQZDVSUH
SDUHGIURPGLVWLOOHUV JUDLQVE\SKRVSKRULFDFLGDFWL
YDWLRQ2UWKRJRQDOH[SHULPHQWVZHUHDSSOLHGWRRS
WLPL]HWKHDFWLYDWHGFDUERQSURGXFWLRQ6RGLXPK\
GUR[LGHZDVXVHGWRIXUWKHULPSURYHFDUERQ¶VWH[WXUH
VWUXFWXUH7KHFKDUDFWHULVWLFRIDFWLYDWHGFDUERQZDV
HYDOXDWHGE\6(0)7,5DQG,RGLQHYDOXH7KHDG
VRUSWLRQ FDSDFLWLHV RI WKH SURGXFHG FDUERQV ZHUH
HYDOXDWHG E\ XSWDNH RI PHWK\OHQH EOXH 0%  IURP
DTXHRXVVROXWLRQ7KH UHPRYDORI0%ZDVLQYHVWL
JDWHGDVDIXQFWLRQRIS+FRQWDFWWLPHLQLWLDO0%
FRQFHQWUDWLRQDQGUHDFWLRQWHPSHUDWXUH7KHH[SHUL
PHQWDOUHVXOWVVKRZHGWKDWWKHUHPRYDORI0%ZDV
S+GHSHQGHQWZLWKPD[LPXPUHPRYDOHIILFLHQF\RI
DWS+7KHHTXLOLEULXPGDWDZHUHDQD
O\]HGXVLQJ/DQJPXLUDQG)UHXQGOLFKLVRWKHUPPRG
HOVWKHPD[LPXPDGVRUSWLRQFDSDFLW\RI0%FDOFX
ODWHG IURP /DQJPXLU PRGHO ZDV  PJJ DW
Υ7KHDGVRUSWLRQSURFHVVIROORZHGSVHXGRVHF
RQGRUGHU NLQHWLF WKH UDWH FRQVWDQW LQFUHDVHG ZLWK
WKHLQFUHPHQWRIWHPSHUDWXUHZKLFKLQGLFDWHGHQGR
WKHUPLFQDWXUHRIDGVRUSWLRQ7KHQHJDWLYHǻ* YDO
XHV DW YDULRXV WHPSHUDWXUHV FRQILUP WKH DGVRUSWLRQ
SURFHVVHVDUHVSRQWDQHRXV
.(<:25'6
'LVWLOOHUV  JUDLQV $FWLYDWHG FDUERQ 2UWKRJRQDO H[SHUL
PHQW$GVRUSWLRQ0HWK\OHQHEOXH

MATERIALS AND METHODS
0DWHULDOVDQGFDUERQSUHSDUDWLRQ'LVWLOOHUV 
JUDLQV ZHUH REWDLQHG IURP D VRUJKXP SURGXFWLRQ
FRPSDQ\LQ&KHQJGX&KLQD7KHUDZPDWHULDOZDV
ZDVKHGZLWKWDSZDWHUULQVHGZLWKXOWUDSXUHZDWHU
VHYHUDOWLPHVWRUHPRYHGXVWDQGRWKHULQRUJDQLFLP
SXULWLHVGULHGDWΥIRUKWRUHGXFHWKHPRLV
WXUHFRQWHQWFUXVKHGDQGJURXQGWRSDVVDPHVK
PP VLHYHEHIRUHDFWLYDWLRQ
7KHGULHGSRZGHUHGVDPSOHVZHUHWKHQLPSUHJ
QDWHGZLWK+32LQD SRZGHU+32 ZHLJKWUDWLR
RI  ZY  7KH PL[WXUH VOXUU\ ZDV LUUDGLDWHG
ZLWK XOWUDVRXQG IRU  PLQ IUHTXHQF\   N+]
SRZHU :DQGWHPSHUDWXUH Υ DQGGULHG
LQDQRYHQDWΥIRUK7KHLPSUHJQDWHGVDP
SOHVZHUHODWHUSODFHGRQDTXDUW]ERDWKHDWHGLQD

INTRODUCTION
'\HV DUH ZLGHO\ XVHG LQ PDQ\ LQGXVWULHV LQ
FOXGLQJ WH[WLOH OHDWKHU SODVWLF FRVPHWLF DQG IRRG
LQGXVWULHV>@'\HVGLVFKDUJHLQWRHIIOXHQWVUHVXOWHG
D VLJQLILFDQW KD]DUG WR DTXDWLF ELRV\VWHP GXH WR
WKHLUFRPSOH[VWUXFWXUHDQGUHFDOFLWUDQFHQDWXUH>
@
9DULRXVWHFKQRORJLHVKDYH EHHQDSSOLHGWRUH
PRYH G\H IURP ZDVWHZDWHU LQFOXGLQJ PHPEUDQH
VHSDUDWLRQ DGVRUSWLRQ R[LGDWLRQ FRDJXODWLRQ DQG
ELRORJLFDOWUHDWPHQW>@$PRQJWKHVHWHFKQROR
JLHV DGVRUSWLRQ LV ZLGHO\ XVHG EHFDXVH RI LWV KLJK
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DGGLQJYDULRXVDPRXQWVRIFDUERQUDQJHIURPWR
J/LQP/0%VROXWLRQ ZLWKFRQFHQWUDWLRQRI
PJ/DWLQLWLDOVROXWLRQS+YDOXHRI7KHHI
IHFWRILQLWLDOVROXWLRQS+RQWKHDGVRUSWLRQRI0%
ZDVLQYHVWLJDWHGE\PL[LQJJDGVRUEHQWZLWK
P/PJ/0%VROXWLRQZLWKS+UDQJH±
DQGWKHPL[WXUHVZHUHDJLWDWHGDWUSPXQGHUΥ
IRUKWRDFKLHYHHTXLOLEULXP7KHS+YDOXHVZHUH
DGMXVWHG E\ GLOXWH +12 DQG 1D2+ )RU LVRWKHUP
H[SHULPHQWVDIL[HGDGVRUEHQWGRVDJHRIJ/ZDV
PL[HGZLWKP/0%VROXWLRQRINQRZQLQLWLDOFRQ
FHQWUDWLRQ ±PJ/ DW GLIIHUHQWWHPSHUDWXUHV
RI±ΥIRUK,QWKHNLQHWLFH[SHULPHQWVJ
DFWLYDWHGFDUERQZDVDJLWDWHGLQ/PJ/0%
VROXWLRQDWWHPSHUDWXUHRIΥDQGP/VDPSOH
ZDVWDNHQDWSUHGHWHUPLQHGWLPHLQWHUYDOV7KHVROX
WLRQV ZHUH ILOWHUHG WKURXJK D PHPEUDQH  ȝP 
DQGWKH0%FRQFHQWUDWLRQZDVDQDO\]HGE\DQXOWUD
YLROHW VSHFWURSKRWRPHWHU 89 6KDQJKDL
&KLQD DWQP
$OOWKHDGVRUSWLRQH[SHULPHQWVZHUHFRQGXFWHG
WZLFH DQG WKH UHVXOWV ZHUH WKH PHDQ YDOXH RI WKH
WHVWV ZKLOH WKH PD[LPXP VWDQGDUG GHYLDWLRQ RE
VHUYHGZDVOHVVWKDQ$OOWKHFKHPLFDOVXVHGZHUH
RIDQDO\WLFDOJUDGH

WXEXODUIXUQDFH 6**/6KDQJKDL&KLQD DWD
FRQVWDQWKHDWLQJUDWHRIΥPLQWRDSUHVHWWHP
SHUDWXUH LQ 1 DWPRVSKHUH   P/PLQ 
$IWHUS\URO\VLVDWWKLVWHPSHUDWXUHIRUDFHUWDLQWLPH
LQSXULILHG1DWPRVSKHUHWKHFDUERQDWLRQVDPSOHV
ZHUH FRROHG GRZQ WR URRP WHPSHUDWXUH LQ WKH IXU
QDFHXQGHUQLWURJHQJDVIORZ7KHDFWLYDWHGFDUERQ
ZDVZDVKHGZLWKKRWGLVWLOOHGZDWHUXQWLOWKHS+RI
WKH ZDVKLQJVROXWLRQ ZDVFORVH WRQHXWUDODQGWKHQ
GULHGLQRYHQDWΥIRUKFRROHGLQDGHVLFFD
WRUFUXVKHGDQGVLHYHGWRSDVVWKURXJKDPHVK
PP ILOWHUIRUIXUWKHUWHVWV
,QRUGHUWRUHGXFHWKH QXPEHURIH[SHULPHQWV
DQG PHDQZKLOH REWDLQ VWDWLVWLFDOO\ PHDQLQJIXO UH
VXOWV 2UWKRJRQDO WHVW ZDV DSSOLHG WR RSWLPL]H WKH
FDUERQSURGXFWLRQWKHUHVXOWVDUHVKRZQLQ7DEOH
$FFRUGLQJWRRXUSUHYLRXVUHVHDUFKPRGLI\LQJ
DFWLYDWHGFDUERQSURGXFHGE\+32DFWLYDWLRQZLWK
DONDOLZRXOGJUHDWO\LPSURYHLWVFKHPLFDODQGSK\V
LFDOFKDUDFWHULVWLFV>@7KXVLQWKLVVWXG\DIWHURE
WDLQLQJWKHRSWLPXPSURGXFWLRQIURPRUWKRJRQDODU
UD\ WHVW ZH DSSOLHG VRGLXP K\GUR[LGH WR IXUWKHU
PRGLI\ WKH FDUERQ DV IROORZV  J RSWLPXP DFWL
YDWHGFDUERQZDVSODFHGLQP/PRO/1D2+
VROXWLRQ DQG WKHQ PL[HG LQ D WKHUPRVWDWLF ZDWHU 
EDWKDJLWDWRU 6+$%$-LQWDQ&KLQD IRUKXQGHU
ΥDQGWKHQLPPHUVHGIRUDQRWKHUKRXUVθDI
WHUWKDWWKHPL[WXUHZDVZDVKHGZLWKGLVWLOOHGZDWHU
XQWLOWKH S+RIWKH HIIOXHQW ZDVFRQVWDQW7KH SUR
GXFHGVDPSOHVZHUHGULHGLQDQRYHQDWΥRYHU
QLJKWDQGFRROHGin a desiccator. TKHILQDOSURGXFW
LVGHVLJQDWHGDV1'$&

$QDO\WLFDO PHWKRGV ,RGLQH DGVRUSWLRQ YDOXH
ZDV HYDOXDWHG DFFRUGLQJ WR *%7  
7KHFKDQJHLQWKHPLFURVWUXFWXUHRIWKHUDZPDWHULDO
DQGSURGXFHGFDUERQZDVH[DPLQHGE\-60/9
VFDQQLQJHOHFWURQPLFURVFRSH 6(0-DSDQ  7KHS+
SRLQWRI]HURFKDUJH S+3=& ZDVPHDVXUHGWRLQYHV
WLJDWHWKHWRWDOVXUIDFHFKDUJHRIWKHDGVRUEHQWVXVLQJ
WKHPHWKRGGHVFULEHGE\.LNXFKL HWDO>@7KHVXU
IDFH IXQFWLRQDO JURXSV EHIRUH DQG DIWHU DGVRUELQJ
0% ZDV PHDVXUHG E\ )RXULHU 7UDQVIRUP ,QIUDUHG
6SHFWURPHWHU )7,5  1(;86 1LFROHW 86$ 
ZLWK VSHFWUD EHLQJ UHFRUGHG IURP  WR 
FPí XVLQJ.%UZLQGRZ

$GVRUSWLRQ H[SHULPHQWV 0HWK\OHQH EOXH
0%&+&O160: JPRO ZDVXVHGDV
DGVRUEDWH DQG WKH VROXWLRQ ZHUH SUHSDUHG ZLWK GH
LRQL]HGZDWHU([SHULPHQWVZHUHFRQGXFWHGLQDVH
ULHVRIP/(UOHQPH\HUIODVNV7KHHIIHFWRIDG
VRUEHQWGRVDJHRQWKHDGVRUSWLRQZDVFDUULHGRXWE\

7$%/(
2UWKRJRQDOH[SHULPHQWDOGHVLJQ>/  @
([SHULPHQWV
1
2
3
4
5
6
7
8
9
K1
K2
K3
R

)DFWRUV

5HVXOWV
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+32&RQFHQWUDWLRQ(%)
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,RGLQHYDOXH PJJ

350
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450
450
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550
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60
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494.92
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155.377

474.503
482.943
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87.014

Temperature (°C)
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(b)
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FIGURE 1
SEM micrographs of (a) Distillers' grain (2000×), and (b) NDAC (2000×).
)7,5RIWKHDGVRUEHQW)7,5VSHFWUDRIUDZ
PDWHULDOSURGXFHGFDUERQ 1'$& DQG1'$&DIWHU
DGVRUELQJ 0% ZHUH JLYHQ LQ )LJXUH  DF  )URP
)LJXUH D ZH FDQ VHH WKDW WKH UDZ GLVWLOOHUV  JUDLQ
FRQVLVWVRIYDULRXVVXUIDFHIXQFWLRQDOJURXSV)HZHU
IXQFWLRQDOJURXSVZHUHGHWHFWHGRQ1'$&DIWHUFDU
ERQL]DWLRQ7KHPRVWGLVWLQJXLVKHGFKDQJHLVWKHGH
FUHDVH RI SHDN DW  FP DQG GLVDSSHDUDQFH RI
SHDNVDWDQGFP7KHEDQGDWFP
FRXOGEHDVVLJQHGWR&±+VWUHWFKLQJYLEUDWLRQVLQ
GLVWLOOHUV  JUDLQ >@ 7KH EDQG DSSHDULQJ DW 
FPí FDQEHDVFULEHGWRFDUERQ\O & 2 JURXSV>@
%DQGVDW FPDUHDV\PPHWULFVWUHWFKLQJYLEUD
WLRQVRI&2>@7KHGLVDSSHDUDQFHRIWKHVHEDQGV
LQGLFDWHGWKHGHFRPSRVLWLRQRIFHOOXORVHDQGKHPL
FHOOXORVHLQUDZGLVWLOOHUV JUDLQGXULQJFDUERQL]DWLRQ
DQGDFWLYDWLRQ%HVLGHVLWFDQEHVHHQIURP)LJXUH
DIWHUDGVRUELQJ0%QHZSHDNVDSSHDUHGDWVSHFWUD
RI  FP ZKLFK FRUUHVSRQGHG WR WKH &±+ LQ
SODQH EHQGLQJ YLEUDWLRQV LQ PHWK\O DQG PHWK\OHQH
JURXSV>@

FIGURE 2
FTIR spectrum of the (a) Distillers' grain,
(b) NDAC, and (c) NDAC adsorbing MB.

RESULT AND DISCUSSION
7KHLRGLQHYDOXHDQGWKH\LHOGRIDFWLYDWHGFDU
ERQDUHVKRZQLQ7DEOHDFFRUGLQJWRWKHUHVXOWVRI
RUWKRJRQDO DUUD\ WHVWV WKH DFWLYDWLRQ WHPSHUDWXUH
ZDV IRXQG WR KDYH D VLJQLILFDQW LPSDFW GXULQJ WKH
SURFHVVRIDFWLYDWHGFDUERQSUHSDUDWLRQ7KHRSWLPDO
SUHSDUDWLRQFRQGLWLRQVDUHDVIROORZVVROLGWROLTXLG
UDWLRRI ZY DFWLYDWLRQWHPSHUDWXUHRIΥ
DFWLYDWLRQWLPHRIPLQDQG+32FRQFHQWUDWLRQ
RI7KHSURGXFHGFDUERQ '$& KDVKLJKHVWLR
GLQH YDOXH RI  PJJ$IWHU IXUWKHU PRGLILHG
ZLWKPRO/1D2+WKHLRGLQHYDOXHRI1'$&LQ
FUHDVHGE\ZKLFKLVPJJ

$GVRUSWLRQH[SHULPHQW  (IIHFWRIFDUERQ
GRVDJH$GVRUSWLRQRI0%RQWR$&DQG1'$&ZHUH
FDUULHGRXWZLWKGRVDJHV J DWP/
PJ/0%VROXWLRQDWLQLWLDOVROXWLRQS+YDOXHRI
7KHUHVXOWVDUHVKRZQLQ)LJXUH,WLVREYLRXVWKDW
WKHUHPRYDOHIILFLHQF\RI0%LQFUHDVHGZLWKWKHLQ
FUHPHQWRIFDUERQGRVDJHZKLFKFDQEHDWWULEXWDEOH
WR WKH LQFUHDVHG FDUERQ VXUIDFH DUHD RQ$& ZKLFK
UHVXOWHGLQPRUHDGVRUSWLRQVLWHVIRU0%DGVRUSWLRQ
>@ 7KH DGVRUSWLYH FDSDFLW\ RI 1'$& VKRZV D
KLJKHUUHPRYDOHIILFLHQF\WKDQ$&ZKLFKPD\GXH
WRIXUWKHUSRURVLW\GHYHORSPHQWDIWHU1D2+WUHDW
PHQWLQ1'$&DVFKDUDFWHUL]HGE\,RGLQHYDOXH7KH
UHPRYDO RI 0% LQFUHDVHG IURP  WR 
ZLWK'1$&GRVDJHLQFUHDVHGIURPJ/WRJ/

&KDUDFWHUL]DWLRQ RI WKH DGVRUEHQWV )LJXUH
 VKRZV WKH 6(0 PLFURJUDSKV RI UDZ 'LVWLOOHUV 
JUDLQDQGSURGXFHGFDUERQVDPSOH$VVKRZQLQ)LJ
XUHWKHUDZPDWHULDOKDVDUHODWLYHVPRRWKVXUIDFH
ZKLOHWKHSURGXFHG1'$&DSSHDUVLUUHJXODUVKDSHV
ZLWKODUJHDPRXQWRIFDYLWLHVRQLWVVXUIDFHZKLFK
PD\ GXH WR WKH HYDSRUDWLRQ RI WKH DFWLYDWLQJ DJHQW
IURPWKHUDZPDWHULDOLQWHULRUGXULQJFDUERQL]DWLRQ
OHDYLQJWKHSUHYLRXVO\RFFXSLHGVSDFHRSHQ>@
7KHS+SRLQWRI]HURFKDUJH S+3=& RIWKH1'$&
ZDVIRXQGWREH

 (IIHFWRIS+7KHS+RIWKHDTXHRXVVROX
WLRQLVDQLPSRUWDQWIDFWRULQDGVRUSWLRQSURFHVVEH
FDXVH LW DIIHFWV ERWK WKH VXUIDFH IXQFWLRQDO JURXSV
SUHVHQWHGRQWKHDGVRUEHQWDQGWKH0%IRUPLQVROX
WLRQ >@ )LJXUH  VKRZV WKH UHPRYDO RI 0% E\
'1$& ZLWK GLIIHUHQW LQLWLDO VROXWLRQ S+ YDOXHV RI
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WKHVDPHDFWLYHDGVRUSWLRQVLWHV>@:LWKLQFUHDV
LQJS+WKHQHJDWLYHFKDUJHGHQVLW\RQ1'$&VXU
IDFHLQFUHDVHVGXHWRGHSURWRQDWLRQRIWKH0%ELQG
LQJVLWHVDQGWKH0%PROHFXOHVWKHQFRPSHWHPRUH
HIIHFWLYHO\IRUDYDLODEOHELQGLQJVLWHVWKXVLPSURYHV
DGVRUSWLRQ >@$W pH > pHpzc (  the carbon
surface is negatively charged, and by increasing the
pH, the negative charge in the surface increases.
Therefore, MB removal efficiency increases from
pH 5.62 to 12, because the attraction forces between
MB and negative surface FKDUJH LQFUHDVH ZLWK LQ
FUHDVLQJS+YDOXH>@.



  $GVRUSWLRQ LVRWKHUPV /DQJPXLU DQG
)UHXQGOLFK LVRWKHUPV ZHUH XVHG WR ILW WKH H[SHUL
PHQWDO GDWD IRU 0% DGVRUSWLRQ RQWR '1$& 7KH
IRUPVRIWKHWZRLVRWKHUPVDUHDVIROORZV>@

FIGURE 3
Effect of adsorbent dosage on the removal of
MB by AC and DNAC.
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ZKHUH 4PLVWKHWKHRUHWLFDOPD[LPXPDGVRUSWLRQFD
SDFLW\ ZKHQ WKH FDUERQ VXUIDFH LV FRPSOHWHO\ FRY
HUHG ZLWK 0% PROHFXOHV PJJ  &H LV WKH HTXLOLE
ULXPFRQFHQWUDWLRQRI0%LQWKHVROXWLRQ PJ/ TH
LVWKHDPRXQWRI0%PROHFXOHDGVRUEHGDWHTXLOLE
ULXP PJJ N/LVWKHFRQVWDQWIRU/DQJPXLUPRGHO
/PJ  N) LV WKH )UHXQGOLFK FDSDFLW\ FRQVWDQW
PJJ QLVWKHDIILQLW\FRQVWDQW>@
$VFDQEHVHHQIURP)LJXUH0%DGVRUSWLRQ
DPRXQWLQFUHDVHGZLWKLQFUHDVLQJWHPSHUDWXUHIURP
Υ(TXLOLEULXPGDWDZDVILWWHGWR/DQJPXLU
DQG)UHXQGOLFKLVRWKHUPPRGHODQGWKHLVRWKHUPSD
UDPHWHUVIRUWKHLVRWKHUPPRGHOVDUHVXPPDUL]HGLQ
7DEOH  ,W FDQ EH VHHQ IURP 7DEOH  /DQJPXLU
PRGHO ILWWHG EHWWHU WR WKH H[SHULPHQWDO GDWD ZLWK
KLJKHU5FRPSDUHGWR)UHXQGOLFKPRGHOsuggesting
monolayer coverage of MB molecules at the outer
surface of DNA&>@7KHDGVRUSWLRQLVIDYRUDEOH
LQKLJKWHPSHUDWXUHZLWKPD[LPXPPRQRPROHFXODU
FDSDFLW\ 4P RIPJJDWΥ7KHPDJQLWXGH
RIWKH H[SRQHQW Q UHSUHVHQWVIDYRXUDEOHDG
VRUSWLRQ RI 0% RQWR '1$& >@ The maximum
monolayer adsorption of MB onto DNAC is higher
thDQPDQ\RWKHU0%DGVRUEHQWDVVKRZQLQ7DEOH

FIGURE 4
Effect of the initial solution pH on the
removal of MB by DNAC.

  $GVRUSWLRQ NLQHWLFV 3VHXGRILUVWRUGHU
DQGSVHXGRVHFRQGRUGHUNLQHWLFPRGHODUHWKHPRVW
ZLGHO\ XVHGNLQHWLF PRGHOVWRGHVFULEHWKH DGVRUS
WLRQRIDVROXWHIURPDOLTXLGVROXWLRQDQGWKH\PD\
EHH[SUHVVHGDV>@
ln( qe  qt ) ln( qe )  k1t  

FIGURE 5
Equilibrium study of MB adsorption onto
DNAC at temperature 25-50 Υ.
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WLRQDQG+2LRQVFRPSHWHZLWK0%PROHFXOHIRU
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:KHUHTHDQGTW DUHWKHDGVRUSWLRQFDSDFLW\DWHTXL
OLEULXPWLPHDQGWLPHWPJJNLVSVHXGRILUVWRU
GHU UDWH FRQVWDQW PLQ N LV SVHXGRVHFRQGRUGHU
UDWHFRQVWDQWPJ JPLQ 7KHYDOXHVRI DGVRUSWLRQ
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UDWHFRQVWDQW FDQEHREWDLQHGIURPOLQHDUSORWRIOQ
TH í TW YVWDQGWTWYVWSORWV7KHUHVXOWVDUHSUH
VHQWHGLQ7DEOH
)LJXUHSUHVHQWVWKHHIIHFWRIFRQWDFWWLPHRQ
0% DGVRUSWLRQ FDSDFLW\ 7KH DGVRUSWLRQ NLQHWLFV
GDWD ZDV LQYHVWLJDWHG E\ ILWWLQJ WKH H[SHULPHQWDO
GDWD ZLWKSVHXGRILUVWRUGHUDQGSVHXGRVHFRQGRU
GHUPRGHOV
%DVHGRQWKHYDOXHRI5LQ7DEOHit is evident
that the pseudo-second-order kinetic model can better describe the adsorption of MB RQWR'1$&DQG
WKHWKHRUHWLFDOTHYDOXHVDUHFORVHWRWKHH[SHULPHQWDO
THYDOXHV The linear plots of t/q vs. t show a good
agreement of experimental data with the second-order kinetic model )LJXUH 7KXVWKHUDWHFRQWURO
OLQJ VWHS PD\ EH FKHPLVRUSWLRQ LQYROYLQJ VKDULQJ
YDOHQF\ IRUFHV RU H[FKDQJH RI HOHFWURQV EHWZHHQ
'1$&DQG0%>@

FIGURE 6
Second-order kinetic equation for adsorption
of MB on DNAC.
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VROXWLRQ E\ DGVRUSWLRQ D UHYLHZ$GYDQFHV LQ
&ROORLGDQG,QWHUIDFH6FLHQFH
[3] 6HQWKLONXPDDU 6 3RUNRGL . DQG 9LG\D
ODNVKPL5  3KRWRGHJUDGDWLRQRIDWH[WLOH
G\H FDWDO\]HG E\ VRO±JHO GHULYHG QDQRFU\VWDO
OLQH 7L2 YLD XOWUDVRQLF LUUDGLDWLRQ -RXUQDO RI
3KRWRFKHPLVWU\DQG3KRWRELRORJ\$&KHPLVWU\
  
[4] 7XUN\LOPD]$'RJDQ0DQG$ONDQ0  
&KDUDFWHUL]DWLRQ DQG DGVRUSWLYH SURSHUWLHV RI
DFWLYDWHG FDUERQ SUHSDUHG IURP ROLYH VWRQHV
)UHVHQ(QYLURQ%XOO $ 
[5] $PLQL 0 $UDPL 0 0DKPRRGL 10 DQG
$NEDUL $   '\H UHPRYDO IURP FRORUHG
WH[WLOH ZDVWHZDWHU XVLQJ DFU\OLF JUDIWHG QDQR
PHPEUDQH'HVDOLQDWLRQ  
[6] <XQ 0$<HRQ .0 3DUN -6 /HH &+
&KXQ-DQG/LP'-  &KDUDFWHUL]DWLRQ
RIELRILOPVWUXFWXUHDQGLWVHIIHFWRQPHPEUDQH
SHUPHDELOLW\LQ0%5IRUG\HZDVWHZDWHUWUHDW
PHQW:DWHU5HVHDUFK  
[7] +X+<DQJ0DQG'DQJ-  7UHDWPHQW
RIVWURQJDFLGG\HZDVWHZDWHUE\VROYHQWH[WUDF
WLRQ 6HSDUDWLRQ DQG 3XULILFDWLRQ 7HFKQRORJ\
  
[8] =KDR * *DR- 6KL: /LX 0 DQG /L '
  (OHFWURFKHPLFDO LQFLQHUDWLRQ RI KLJK
FRQFHQWUDWLRQD]RG\HZDVWHZDWHURQWKHLQVLWX
DFWLYDWHGSODWLQXPHOHFWURGHZLWKVXVWDLQHGPL
FURZDYH UDGLDWLRQ &KHPRVSKHUH    

[9] ;X/'X/6:DQJ&DQG;X:  
1DQRILOWUDWLRQ FRXSOHG ZLWK HOHFWURO\WLF R[LGD
WLRQLQWUHDWLQJVLPXODWHGG\HZDVWHZDWHU-RXU
QDORI0HPEUDQH6FLHQFH
[10] %UD]53LUUD$/XFDV06DQG3HUHV-$
 &RPELQDWLRQRIORQJWHUPDHUDWHGVWRU
DJH DQG FKHPLFDO FRDJXODWLRQIORFFXODWLRQ WR
ZLQHU\ ZDVWHZDWHU WUHDWPHQW 'HVDOLQDWLRQ
  
[11] 7XUJD\2(UVR]*$WDOD\6)RUVV-DQG
:HODQGHU8  7KHWUHDWPHQWRID]RG\HV
IRXQGLQWH[WLOHLQGXVWU\ZDVWHZDWHUE\DQDHUR
ELF ELRORJLFDO PHWKRG DQG FKHPLFDO R[LGDWLRQ
6HSDUDWLRQDQG3XULILFDWLRQ7HFKQRORJ\  

[12] /LX<=KDQJ<=KDR=/L<4XDQ;DQG
&KHQ6  (QKDQFHGD]RG\H ZDVWHZDWHU
WUHDWPHQWLQDWZRVWDJHDQDHURELFV\VWHPZLWK
)HGRVLQJ%LRUHVRXUFH7HFKQRORJ\

[13] :DQJ;=KX1DQG<LQ%  3UHSDUD
WLRQRIVOXGJHEDVHGDFWLYDWHGFDUERQDQGLWVDS
SOLFDWLRQ LQ G\H ZDVWHZDWHU WUHDWPHQW -RXUQDO
RI+D]DUGRXV0DWHULDOV  
[14] 6RWHOR-/2YHMHUR*5RGULJXH]$$OYDUH]
6DQG*DUFLD-  6WXG\RI1DWXUDO&OD\
$GVRUEHQW6HSLROLWHIRUWKH5HPRYDORI&DIIHLQH
IURP$TXHRXV6ROXWLRQV%DWFKDQG)L[HG%HG
&ROXPQ2SHUDWLRQ:DWHU$LU 6RLO3ROOXWLRQ

  $GVRUSWLRQ WKHUPRG\QDPLFV The thermodynamic parameters for MB adsorption onto
DANC were calcXODWHG XVLQJ WKH IROORZLQJ HTXD
WLRQs>@
'G 0  RT ln K d  

'G 0 'H 0  T 'S 0
:KHUH5 - PRO. LVWKHJDVFRQVWDQW7 . 
LVWKHDEVROXWHWHPSHUDWXUHDQG.GLVWKHHTXLOLEULXP
FRQVWDQW7KHUPRG\QDPLFSDUDPHWHUVDUH VKRZQLQ
7DEOH7KHFDOFXODWHGǻ* YDOXHIRUDGVRUSWLRQRI
0%E\'1$&ZDVQHJDWLYH a.-PRO 
GHPRQVWUDWLQJWKHDGVRUSWLRQSURFHVVLVVSRQWDQHRXV
DQGWKHYDOXHRIǻ*GHFUHDVHGZLWKLQFUHDVLQJWHP
SHUDWXUH >@ 7KH SRVLWLYH YDOXH RI ǻ+ 
.-PRO) indicates that the removal of MB from aqueous systems is an endothermic process. The positive
YDOXHRIWKHHQWURS\FKDQJHVǻ6 .- PROāN
indicates that the adsorption occurs due to the redistribution of energy between the adsorbate and the adsorbenW>@

CONCLUSION
:LWK DONDOL PRGLILFDWLRQ WKH DGVRUSWLYH UH
PRYDOFDSDFLW\RI'1$&WRZDUGV0%ZDVVLJQLIL
FDQWO\ LPSURYHG 0% UHPRYDO HIILFLHQF\ LQFUHDVHG
ZLWKLQFUHDVLQJDGVRUEHQWGRVDJHDQGLQFUHDVLQJLQ
LWLDOVROXWLRQS+Langmuir isotherm better fitted the
experimental data than Freundlich isotherm. The
largest monolayer adsorption capacity of DNAC was
100 PJJ DW Υ 7KH DGVRUSWLRQ RI 0% RQWR
'1$&IROORZHGSVHXGRVHFRQGRUGHUNLQHWLFPRGHO
Based on the present study, it could be concluded
that the GLVWLOOHUV JUDLQFDQbe used as efficient MB
removal adsorbent with H3PO4 activation and NaOH
modification.
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WATER PRODUCTIVITY AND FIBER QUALITY
PARAMETERS OF DEFICIT IRRIGATED COTTON
CULTIVARS IN A SEMI-ARID ENVIRONMENT
Selin Akcay*, Necdet Dagdelen
Department of Biosystem Engineering, Adnan Menderes University, 09100, Aydin, Turkey

an increase in consumption and a reduction in yield
because of drought have necessitated the development of high-yield drought-resistant cultivars (C) of
cotton [1]. Drought not only affects yield but also fiber quality. It is reported that; in the dry period when
the cotton fiber is beginning to grow affects fiber
length, strength and maturity [2-5]. It has been found
that drought in the end of the flowering period affects the development of the bolls, and thus increases
the proportion of low-strength and immature fibers
[4]. Water shortages are predicted in many areas of
the world as a result of climate change, including
Turkey and the Mediterranean basin. The areas of
Turkey most affected by this drying trend are the Aegean, Mediterranean, Marmara and Southeast Anatolian regions [6]. Limited availability of irrigation
water requires fundamental changes in irrigation
management or urges the application of water saving
methods. Common irrigation methods practiced for
cotton production in this region are wild flooding,
basin and furrow methods. In general, the farmers
over irrigate, resulting in high water losses and low
water use efficiencies and thus creating drainage and
salinity problems [7]. However, the use of drip irrigation techniques is inevitable in the near feature because of the salinity problem caused by traditional
irrigation methods [8].
Numerous studies have reported how cotton reproductive growth, yield, and fiber quality are affected by moisture deficits. However, little attempt
has been made to assess deficit irrigation regimes for
cotton cultivars under drip irrigation in the Aegean
region of Turkey. In a 2-year study conducted in the
Bekaa valley of Lebanon which compared the effects
of irrigation cut-off on cotton, it was concluded that
as the amount of irrigation water increased, fiber
yield fell and the highest yield was obtained in conditions in which irrigation was not applied after the
first boll opening [9]. In a study on determining the
effect of five different levels of water in a drip irrigation system on water use efficiency (WUE), yield,
yield components and fiber quality characteristics, it
was found that when the water level was reduced
from 100 % to 75 %, WUE rose from 0.62 to 0.71 kg
m-3 [10]. In the field trials conducted in the Aegean
region in 2004-2005 to determine the effect of various levels of water under drip irrigation method on

ABSTRACT
Water stress is among the abiotic stress factors
that adversely affect the yield and quality of crops.
In order to observe the effects of deficit irrigation on
water use efficiency and fiber quality parameters of
Carmen (late-maturing) and Ozbek (early-maturing)
cotton cultivars, a field trial was conducted in years
2010 and 2011 at the Research and Application Farm
of the Agriculture Faculty of Adnan Menderes University, Turkey. The trial was designated in randomized complete block design with three replications.
Irrigation treatments were designated as full irrigation level (IL-100, which received 100 % of the soil
water depletion) and those that received 75 %, 50 %
and 25 % of the amount received by treatment IL100 on the same day. The average seasonal water use
varied between 331 and 774 mm according to cultivars. The highest average seed cotton yield was obtained from IL-100 treatment as averaging 6284.6 kg
ha-1, followed by IL-75 treatment as averaging 5640
kg ha-1. The lowest yield was obtained from IL-25
treatment as averaging 4460.5 kg ha-1. It was determined Carmen cultivar performed higher yields than
Ozbek. Average water use efficiency (WUE) values
varied between 0.83 and 1.26 kg m-3. According to
two-year average values, the yield response factor
(ky) was found to be 0.47 for Carmen and 0.57 for
Ozbek. It may be concluded that the treatment which
gave the best performance whether for water saving
or for high WUE was treatment IL-100 when the water was abundant. In the case of water scarcity, IL50 treatment resulted in reasonable yield, water use
efficiency and fiber quality.

KEYWORDS:
Cotton cultivars, Drip irrigation, Water use efficiency,
Yield response factor, Fiber quality

INTRODUCTION
7XUNH\¶V FRWWRQ production meets approximately 44% of the needs of its domestic market. The
area used for cotton production is 450 000 ha. Reductions in the areas planted, while at the same time
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located in the study area. The soils in the region were
classified as Entisols and Fluvisols-Regosols according to [17] and [18].
For the experiment area, water content at field
capacity varied from 18.4 to 23.1 % and wilting
point varied from 7.2 to 10.1 % on dry weight basis.
Research area soils contain high percentages of sand
(49.7-68.2 %), followed by silt (19.2-32.0 %) and
clay (13.6-17.5 %) and could be classified as loam.
The dry soil bulk densities ranged from 1.35 to 1.52
g cm-3 throughout the 1.2 m deep profile. The total
available soil water content within the top 1.2 m of
the soil profile was 221 mm.
The Carmen (late-maturing) and Ozbek (early
maturing) cotton cultivars were used as research material. Cotton plants were thinned to a spacing of
0.70 m × 0.25 m when the plants were about 0.15 m
in height. A compound fertilizer (15 % N, 15 % K,
and 15 % P) was applied at a rate of 40 kg da-1 pure
N, P and K at planting. The required remaining portion of nitrogen 25 kg N kg da-1 was applied as 33 %
ammonium nitrate before the first irrigation.
A randomized complete block design was used
with three replications with 3 m between each plot.
Each experimental plot had a total area of 33.6 m² at
sowing. Carmen (late-maturing) and Ozbek (early
maturing) cultivars and four irrigation levels (IL),
100 %, 75 %, 50 % and 25 %, were investigated in
the experiment. The gravimetric method was used in
monitoring the soil moisture level in order to determine irrigation time and irrigation was initiated
when 40 % of the available water of the soil had been
used up. Water was applied at 100 % of the water
needed to reach field capacity to the plots which
were to be fully irrigated, and at 75 %, 5 0%, and 25
% proportions of this amount to plots that were to
receive deficit irrigation. Drip irrigation system was
designated for the experiment and irrigation water
was supplied by a pump from a deep-well.
Crop evapotranspiration (ET) under varying irrigation regimes was calculated using the soil water
balance equation (Equation 1) [19] as;
(1)
ET R  I  D r 'W
Where; ET is the evapotranspiration (mm), R is the
rainfall (mm), I is the depth of irrigation (mm), D is
the depth of drainage (mm), and 'W is the change of
soil water storage in the measured soil depth. In this
study, R was observed at the automatic meteorological station located in the study area. I was checked
by flow water meter. If available soil water in the
root zone (0-1.20 m) after irrigation was greater than
field capacity, it was assumed that excess water
equaled D [20]. 'W was obtained from soil water
content to a depth of 1.20 m measured just prior to
planting and harvesting time. 'W is the difference
between soil water content values at the planting and
end of the harvesting time. WUE was calculated as
yield (kg ha-1) divided by seasonal ET (mm). Irrigation water use efficiency (IWUE) was determined as

WUE and fiber quality parameters, variations of
256-753 mm in crop water consumption, 2550-5760
kg ha-1 in average cotton yield, and 0.76-0.98 kg m-3
in WUE were determined [8]. Under Syrian conditions, researchers conducted an experiment to determine the effect of different irrigation doses on WUE,
yield and fiber quality of cotton. According to the
results obtained; crop water consumption varied between 408-773 mm and average cotton yield between 2909-5090 kg ha-1 [11]. Results obtained by
Unlu et al in a four-year study to determine the effects of 0 %, 50 %, 70 % and 100 % irrigation levels
on the yield components of cotton using drip irrigation under Cukurova conditions were the decline in
plant height, build-up of dry matter, leaf area index
and the number of bolls per plant with the reduction
in irrigation water applied [12]. A study analyzing
the effect of different water stress levels on fiber and
yarn quality characteristics of some cotton cultivars
in Pakistan conditions revealed that the effect of different cotton cultivars, water types and water stress
levels on fiber and yarn quality was highly significant [13]. The results determined in field experiments conducted in order to observe the responses of
three cotton cultivars differing in maturity and seed
size to deficit water stress under different plant densities; deficit irrigation inversely affected boll distribution, yield components and within-boll yield components [14]. In a study which aims to attain efficient
irrigation water utilization and saving without affecting crop yield or quality and to quantify the amount
of irrigation water required for cotton crop sown under different planting methods, bed sowing proved
to be more beneficial for higher WUE as compared
to ridge and flat sowing of cotton [15].
The aim of this study was to create a proper irrigation programme by the drip irrigation method for
the early-maturing Ozbek and the late-maturing Carmen cultivars of cotton, which are widely grown in
this region, to investigate the water-yield relationship, and to research the effects of irrigation treatments on yield and fiber quality characteristics.

MATERIALS AND METHODS
This study was conducted under field conditions at the research and application farm of the Agriculture Faculty of Adnan Menderes University,
$\GÕQ. The research area is located within the
boundaries of Buyuk Menderes Basin in western Anatolia, at a latitude of 37o 51' and a longitude of 27o
51'. The basin is an important agricultural production
area with its wide spectrum of agricultural products
varying from field crops to horticultural fresh consumed goods meeting the requirements of the inhabitants of western Turkey [16]. The Buyuk Menderes
Basin has a Mediterranean climate of hot and dry
summers and cool wet winters. The meteorological
parameters were obtained from the automatic station
6501
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yield (kg ha-1) per unit irrigation water applied (mm)
[21]. Regression analysis was used to evaluate the
water use-yield relationships derived from seasonal
crop ET and yield data obtained from the experiment. Seasonal values of the ky, which represent the
relationship between relative yield reduction [1(Ya/Ym)] and relative ET deficit [1-(ETa/ETm)],
were determined using the equation given by [22].
At harvesting time, the plants in the two middle
rows were harvested by hand in order to determine
the yield. Samples of 500 g of raw cotton were taken
for determination of fiber strength, fiber length, and
fiber fineness and uniformity at Nazilli Cotton Research Institute. Analysis of variance (ANOVA) was
conducted to evaluate the effects of the treatments on
seed cotton yield (kg ha-1). The Least Significant
Differences (LSD) test was used for comparing and
ranking the treatments. Differences were determined
significant at P < 0.05.
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and IL. No interactions between cultivar and IL were
observed in both years. The late-maturing Carmen
cultivar resulted in higher yield than the early-maturing Ozbek cultivar. As the IL increased, increment
was observed in cotton yield in both cotton cultivars.
The highest average yield was obtained from IL-100
treatment as averaging 6284.6 kg ha-1 and the lowest
yield was obtained from IL-25 treatment as averaging 4460.5 kg ha-1. Examining these results from the
point of view of cultivars, it is seen that late-maturing Carmen formed the first group and the early-maturing Ozbek, the second group. In terms of IL, four
groups formed in each year. The first group consisted of the 100% treatments where no water restriction had been applied in the whole growing season, treatments in which water had been applied at
the 75 % level were second, and treatments which
had received water at the 25 % level formed the last
group.
As an overall assessment, it was found that the
findings in relation to yield were similar to the findings of researchers performing studies on various locations, cultivars and irrigation programs different
irrigation regimes. According to the results of a
VWXG\ FRQGXFWHG RQ GULS LUULJDWHG FRWWRQ LQ $\GÕQ
area, the highest cotton yield was achieved from a
treatment in which 100 % of the amount of evaporation from a class A-pan was applied at 8-day irrigation interval [27]. On the other hand, the highest seed
cotton yield (5870 kg ha-1) was reported in the Harran plain from the full irrigation treatment (100 %)
with 6-day irrigation interval using drip irrigation
method [7]. The average seed cotton yield was obtained as 5760 kg ha-1 under drip irrigated treatment
in western Turkey [8]. The results observed in this
research were in agreement with the others given
above. In evaluations conducted previously, it has
been found that both cultivar and the irrigation level
have significant effect on seed cotton yield. It has
been concluded that the most proper irrigation programme suggested for achieving highest cotton yield
would be using the late-maturing Carmen cultivar
under water abundant conditions in which the crop
water requirements were fully met by IL-100 treatment.

RESULTS AND DISCUSSION
Water use- yield relationship of cotton cultivars. The total irrigation water amounts applied, seasonal water use, WUE and IWUE values were presented in Table 1. The amount of irrigation water applied for different drip treatments ranged from 520
to 130 mm in 2010 and from 635 to 159 mm in 2011.
Water use values increased with increasing IL in
each cultivar. Seasonal water use ranged from 376
mm to 734 mm in both cultivar depending on the irrigation treatments in 2010 growing season; and
331-774 mm in the 2011 growing season (Table 1).
The fluctuations in water use between the years can
be attributed to the variations in climatic factors.
Seasonal water use of cotton under the same region
has been reported as 899 mm by [23]; as 855-882
mm by [24] under furrow irrigation system; as 265753 mm by [8] and as 268-754 mm by [10] under
drip irrigation system. Once the results of this study
are compared with those of furrow irrigation studies
at the same region, it is clear that drip irrigation systems are able to save substantial amount of water.
Under drip irrigation applications, seasonal water
use of cotton was obtained by [12] as 287-584 mm
in Adana conditions; as 410-725 mm by [25] in the
High Texas Plains. On the other hand, [26] found
that seasonal water use in cotton varied between 432
and 739 mm depending on irrigation regimes in Uzbekistan conditions by using drip and furrow irrigation methods. In another study, [9] applied a total of
738 mm irrigation water amount to drip irrigated cotton in the Bekaa Valley of Lebanon. The results observed in this research were in agreement with the
others given above.
The response of cotton seed yield to different
irrigation treatments are given in Table 2. Data obtained from the 2-year study showed that seed cotton
yield was significantly affected (P< 0.01) by cultivar

Water-yield relationship results. As can be
seen in Figure 1, the relationship between water use
and yield for the Carmen cultivar was a relationship
of statistically second order significance (polynomial) (p<0.01), while for the Özbek cultivar it was a
linear relationship of first order statistical significance (p<0.01). Similar findings were observed by
[7], [8], [12].
The ky factor which represents the slope of the
relationship between relative ET and relative yield,
was determined to be 0.52 for the combined data
from both years (Figure 2). When data from both
years were combined, the ky was determined to be
0.47 for the Carmen cultivar and 0.57 for the Ozbek
6502
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WUE value in the first year was 1.22 kg m-3 from
treatment IL-25, and in the second year it was 1.29
kg m-3 from the same treatment. It can be said that
from the point of view of water saving, treatment IL25 used water more efficiently. Thus, when water
was restricted under these conditions, a reduction of
27.9 % was seen in yield, while in 2011 the reduction
in yield was at a proportion of 28.5 %. In Cukurova
conditions under drip irrigation, WUE of cotton was
reported as 0.55-0.67 kg m-3 [7] and as 0.60-0.48 kg
m-3 respectively [12]. In another study the WUE reported to range from 0.77 to 0.96 kg m-3 [26]. Similar
results were reported by [8] as 0.62-0.85 kg m-3 in
the Aydin plain conditions.

cultivar, respectively. The average ky for the whole
growing season were found to be 0.84 by [22], 0.89
by [7] and 0.78 by [8] in Aydin.
Water use (WUE) and irrigation water use
(IWUE) efficiencies of cotton cultivars. WUE and
IWUE values varied by irrigation treatments and
years were given at Table 1. WUE and IWUE were
higher in both years for the Carmen cultivar than for
the Ozbek cultivar. The lowest WUE and IWUE values for both cultivars were obtained from the IL-100
treatments. Thus, these values varied between 0.84
and 1.23 kg m-3 in 2010, and between 0.82 and 1.01
kg m-3 in 2011. As the amount of water applied increased, WUE and IWUE decreased. The highest

TABLE 1
Cotton yield, water use and water use efficiency values as influenced by cotton cultivars and irrigation levels

Year/Cultivars

2010
Carmen

2010
Ozbek

2011
Carmen

2011
Ozbek

Irrigation
Levels

Seed cotton
yield (kg ha-1)

Irrigation water
applied (mm)

Water use
(mm)

IL-100
IL-75
IL-50
IL-25
IL-100
IL-75
IL-50
IL-25
IL-100
IL-75
IL-50
IL-25
IL-100
IL-75
IL-50
IL-25

6400.5
5970.1
5590.4
4620.0
6100.0
5210.2
4760.7
4290.8
6440.8
5980.7
5670.5
4610.2
6190.0
5390.4
4900.8
4310.2

520
390
260
130
520
390
260
130
635
476
318
159
635
476
318
159

734
599
484
376
721
599
441
346
774
639
489
357
749
605
469
331

Water use
efficiency
(kg m-3)
0.87
0.99
1.15
1.22
0.84
0.87
1.08
1.24
0.83
0.94
1.16
1.29
0.82
0.89
1.04
1.30

Irrigation water use efficiency
(kg m-3)
1.23
1.53
2.15
3.55
1.17
1.33
1.83
3.30
1.01
1.57
1.78
2.90
0.97
1.13
1.54
2.71

TABLE 2
Seed cotton yield as influenced by cotton cultivars and irrigation levels

Factor
Cultivars (C)

Irrigation Levels (IL)

Analysis
years

within

Carmen
Ozbek
IL-100
IL-75
IL-50
IL-25
Ca
ILb
C x ILc

2010
5640.7 a
5094.0 b
6250.2 a
5590.1 b
5180.0 c
4459.0 d
**
**
nsd

(a)

Seed cotton yield (kg ha-1)
2011
5680.0 a
5201.6 b
6319.0 a
5690.0 b
5291.0 c
4462.0 d
**
**
ns

Mean
5660.3 a
5147.8 b
6284.6 a
5640.0 b
5235.5 c
4460.5 d
**
**
ns

Va, cultivars; ILb, irrigation levels; C x ILc, cultivars; x irrigation levels; nsd, not significant
Significant at P< 0.05 and P< 0.01
(c)
In a column values with a common letter are not significantly differ from one another using LSD.05
(b) *,**
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FIGURE 1
Cotton seed yield as a function of water use
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FIGURE 2
Yield response factor, ky, cotton cultivars
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TABLE 3
Cotton fiber quality as influenced by cotton cultivars and irrigation levels
Fiber fineness
(mic)
2010
2011
4.18
4.68
4.17
4.73

Fiber length
Fiber strength
(mm)
(g/tex)
2010
2011
2010
2011
Carmen
28.71a
30.26a
32.10a
34.38a
Cultivars
Ozbek
27.47b
29.06b
29.75b
32.05b
0.644
0.656
1.586
0.780
LSD %5
IL-100
4.07
4.62b
28.11
29.96a
30.80
33.28
Irrigation
IL-75
4.09
4.59b
28.59
30.55ab
31.55
33.58
Levels (IL)
IL-50
4.26
4.53b
27.64
29.54b
30.65
33.51
IL-25
4.28
5.08a
28.01
28.59c
30.70
32.50
0.378
0.928
LSD %5
C
ns
ns
**
**
**
**
IL
ns
*
ns
**
ns
ns
C x IL
ns
ns
ns
ns
ns
ns
(a) a
C , cultivars; ILb, irrigation levels; C x ILc, cultivars; x irrigation levels; nsd, not significant
(b)*,**
Significant at P< 0.05 and P< 0.01
(c)
In a column values with a common letter are not significantly differ from one another using LSD.05

strength. These results were in agreement with the
results reported by [8, 10, 12, 28].

Fiber quality parameters of cotton cultivars.
Table 3 shows the values relating to cotton fiber
quality obtained in the study, and also same table
gives the results of ANOVA and the LSD tests of
this research. In the first and second research year,
the fiber fineness values (ns) among the cultivars and
IL were not statistically significant. The effect of water deficit on micronaire was not consistent throughout the years. Micronaire values varied from 4.07
(IL-100) to 4.28 (IL-25) in 2010 and ranged between
5.08 (IL-25) and 4.62 (IL-100) in 2011. IL-25 and
IL-50 had higher micronaire value than IL-100 in
both years. These results were in agreement with the
results reported by [8]; [10] and [28].
In the first and second research years, the fiber
length (P<0.01) among the cultivars and IL were statistically significant. The highest fiber length (30.55
mm) was obtained from the IL-75 irrigation treatment and occurred in the first group (a) (Table 3).
IL-75 treatment resulted in highest fiber length in the
study and followed by IL-100 and IL-50 as shown in
Table 3. Higher IL with Carmen cultivars resulted in
significantly higher fiber length. The findings obtained in the study were similar to most of the previous research into determining the effects of different
IL on cotton cultivars [8, 10, 12, 28].
In the first and second research years, the fiber
strength values (P<0.01) among the cotton cultivars
were statistically significant. From the point of view
of cultivar, the highest value was obtained from the
Carmen cultivar as 32.1-34.38 (g tex-1). However, almost the same fiber strength was detected between
IL-100 and IL-25 treatments in both years. Studies
of gene action suggest that, within upland cotton
genotypes there is little non-additive gene action in
fiber strength [29]; that is, genes determine fiber

CONCLUSIONS
According to the results obtained from the
study, the highest seasonal plant water use value was
obtained from IL-100 irrigation treatment for both
cotton cultivars. These values were 734 and 731 mm
for 2010 and 774 and 749 mm for 2011. The lowest
crop water use value was obtained from IL-25. The
highest average yield was obtained from IL-100 as
averaging 6284.6 kg ha-1, followed by IL-75 as averaging 5640 kg ha-1. The lowest yield was obtained
from IL-25 as averaging 4460.5 kg ha-1. WUE and
IWUE were higher in both years for the Carmen cultivar than for the Ozbek cultivar. The lowest WUE
and IWUE values for both cultivars were obtained
from the IL-100 treatment. Thus, these values varied
between 0.84 and 1.23 kg m-3 in 2010 and between
0.82 and 1.01 kg m-3 in 2011. The average ky according to cultivars in the study was found to be 0.47 for
Carmen and 0.57 for Ozbek. In both years, the highest fiber length values were obtained from the Carmen cultivar. According to the results of ANOVA of
fiber strength, the difference between cultivars was
found to be significant at a level of P < 0.01, while
the difference between IL was found to be insignificant. When the results were examined from the point
of view of cultivars, Carmen formed the first group
and Ozbek the second. Finally, it may be concluded
that as cotton is a crop which is sensitive to shortages
of moisture in the soil, it is necessary to fully meet
its water needs throughout the growing season in order to obtain high cotton yield and good fiber qual-
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[11] Hussein, F., Janat, M. and Yakoub, A. (2011)
Assessment of yield and water use efficiency of
drip-irrigated cotton (Gossypium hirsutum L.)
as affected by deficit irrigation. Turkish Journal
of Agriculture and Forestry 35, 611-621.
[12] Unlu, M., Kanber, R., Koc, D.L., Tekin, S. and
Kapur, B. (2011) Effects of deficit irrigation on
the yield and yield components of drip irrigated
cotton in Mediterranean environment. Agricultural Water Management 98, 597-605.
[13] Nazar, A., Iftikhar, M., Shahbaz, B. and Ishaq,
W. (2012) Influence of irrigation water types
and stress levels on cotton fiber and yarn quality
for different varieties. Pak. J. Agri. Sci. 49(4),
597-601.
[14] Sezener, V., Basal, H., Canavar, O., Kizilkaya,
K. and Dagdelen, N. (2015) Effects of Water
Stress and Plant Density on Boll Distributions
and Boll Yield Components of Cotton Cultivars
Differing in Maturity. Fresen. Environ. Bull.,
24(11), 3556-3561.
[15] Irfan, M., Ehsanullah, Ahmad, R. and Ul-Hassan, A. (2014) Effect of sowing methods and
different irrigation regimes on cotton growth
and yield. Pak. J. Agri. Sci. 51(4), 789-795.
[16] Yesilirmak, E. (2011) Assessment of The Influence of the Curuksu Creek on the Water Quality
of Buyuk Menderes River, Turkey. Fresen. Environ. Bull., 20(2), 377-384.
[17] Soil Survey Staff (1999) Soil taxonomy: a basic
system of soil classification for making and interpreting soil surveys, Agriculture Handbook,
No: 436, 2nd Edition, USDA, Washington,
USA.
[18] FAO-UNESCO (1989) Soil map of the world 1:
5.000.000 scale revised legend, ISRIC, Wageningen, The Netherlands.
[19] Heerman, D.F. (1985) ET in irrigation management. In: Proceedings of the National Conference on Advances in Evapotranspiration. 16-17
December 1985, Transactions of the ASAE,
323-334.
[20] Kanber, R., Yazar, A., Onder, S. and Koksal, H.
(1993) Irrigation response of pistachio. Irrig.
Sci. 14, 1-14.
[21] Howell, T.A., Cuence, R.H. and Solomon, K.H.
(1990). Crop yield response. In: Management of
Farm Irrigation Systems. (Hoffman, G.J., Howell, T.A. and K.H. Solomon), ASAE, St. Joseph,
MI, 93-122.
[22] Doorenbos, J. and Kassam, A.H. (1979) Yield
response to water. FAO Irrigation and Drainage
Paper 33, Rome, Italy.
[23] Sezgin, F., Yilmaz, E., Dagdelen, N. and Bas, S.
(2001) Effect of different irrigation methods and
water supply level application on water-yield relations in cotton growing. In: Proceedings of the
Third National Hydrology Congress. 27-29 June
2001, 9 Eylul Univ., Izmir, Turkey.

ity. However, if water resources in the area are limited, then restricting water to a level of only 50 %
may produce acceptable results. In this regard, it was
concluded that the most suitable irrigation programme from the point of view of cotton yield in a
region without irrigation water restrictions, was the
treatment (IL-100) in which water was fully applied,
using the Carmen cultivar.
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for preserving the nature led the way to detailed examinations concerning the irregularities in the nature
and the reasons for its non-functionality or deterioration [4]. The path for understanding the nature
goes through the discipline of ecology.
The ecological thought serves as a bridge between natural sciences and social sciences. The
scope of ecology was extended by this functioning,
and it gained an interdisciplinary form and had many
sub-branches [5]. Examining and studying the principles for the operation of the natural resources without disturbing the natural balance, applied ecology is
a sub-branch of the discipline of ecology, and its purpose is to ensure that necessary methods to solve the
ecological problems [1]. The scope of this study significantly overlaps that of the applied ecology. The
"ecological sensitivity and risk" comprising both the
main topic and the method of the study reflects the
degree of sensitivity of the ecological system, ecological imbalances and the ecological environmental
problems or their possibility as caused by human activities [6]. The purpose of this study is to present the
ecosystems where ecological sensitivity is high due
to anthropogenic and natural influences and which
are under risk, and to make recommendations for the
sustainable use of these areas.

ABSTRACT
The purpose of this study is to present the ecosystems where ecological sensitivity is high due to
anthropogenic and natural influences and which are
under risk, and to make recommendations concerning the sustainable use of these areas. Firstly, the factors having an impact on the ecological sensitivity in
the delta site were identified by making different literature reviews. The factors considered in this study
consist of elevation, land use, soil, water systems,
population density, settlements and roads. The
weights of these factors in the multi-parameter
model were specified by using the method Analytic
Hierarchy Process (AHP). Ecological sensitivity and
risk zones were revealed by classifying the obtained
sensitivity and risk values as extremely sensitivity
and risk, high sensitivity and risk, moderate sensitivity and risk, light sensitivity and risk and no sensitivity and risk. The factors leading to risk and sensitivity to be high were examined in the observations
made during field works. The results obtained from
the study show that especially the eastern side of the
delta, the surroundings of the lagoons and the lowlands around the coastal dunes are areas with high
sensitivity and risk. This knowledge is qualified as a
base for the local authorities and decision-makers.

MATERIAL AND METHOD
KEYWORDS:
Ecological sensitivity, ecological risk, Analytic hierarchy
process, geographic information systems, Kizilirmak river
delta

Study area. The study site covers the delta
plain and the total area is 52.779 ha (Figure 1). The
coexistence of the habitats of various ecological
characters such as sea, river, lake, reed, swamp,
meadow, pasture, forest, dune and agricultural areas
in Kizilirmak River Delta, its richness in nutrients
and suitable climate conditions have enabled the
delta site to harbours a very rich biodiversity [7].
Due to its value, a lot of study has been done in delta,
river and coastal of Black Sea [8-13]. Kizilirmak
River Delta is an important area both at national level
and at international level. It was declared to be one
of the 122 important plant sites of Turkey due to the
rare plant species contained. Kizilirmak River Delta
is also internationally important owing to its fauna
which is particularly rich in ornithological aspect. It
is used by more than 320 bird species (75% of all

INTRODUCTION
Created by the developing humankind, the "Era
of Science and Technology" is based on the notion
that the nature is perceived as an unlimited treasure.
This pragmatic view advocates the unlimited human
domination over natural resources, i.e. an anthropocentric understanding of environment [1]. In 1970s,
the environmental problems caused by the anthropocentric view of environment and the ecological crises gave rise to a view of environment advocating
avoidance of any human behaviour that may damage
the nature [2, 3]. This eco-centric approach highlights preservation of nature. Accordingly, the need
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known bird species in Turkey) for breeding, wintering and migration [14]. Due to this richness, different
parts of the delta are preserved under 3 different statuses (Ramsar, Natural Site Area and Wildlife Improvement Area).
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TABLE 1
Data sources and features.
Parameters
Elevation

Source
Military

Land Use

Bafra-Forest
Management Institution, 2005
Landsat ETM+

Soil

Ministry
of
Food, Agriculture and Livestock
Bafra-Forest
Management Institution, 2005
Landsat ETM+,
Esri Basemap
78ø.
(VUL
Basemap,
Google Earth vb.

Water
faces

sur-

Population
density
Settlements

FIGURE 1
Location of study area.

Transportation density

Material. The parameters influencing the sensitivity and risk were identified at first. Literature
was taken into consideration while identifying the
parameters; however, field surveys were also not ignored as they control the sensitivity on-site. As
stated by Zhang et al. [15], various factors cause regional, ecological and environmental problems and
these factors vary in each region. Field surveys were
conducted in April and August 2015. In addition to
the observations made within this period of time
spent on field, both the academics and volunteers
studying on field and the local people were interviewed, and information was collected on the area
through open-ended questions. As a result, seven parameters with an impact on ecological sensitivity at
delta site were determined (Table 1).
Ecological sensitivity is the reaction level of the
environmental change caused by internal and external factors [16]. As understood from the definition,
existence of two main elements draws the attention
in the development on ecological sensitivity. First,
the risk resulting from ecosystem change due to human activities. The other is the sensitivity caused by
ecosystem's own processes or natural processes. If
we are to explain these two different ways leading to
ecological sensitivity over Kizilirmak River Delta,
the roads, settlements and river canals on the site are
the sensitivity and risk resulting from human activities. The presence of wetlands as well as soil and rivers constitute the sensitivity zones developed by natural processes. Ecological sensitivity and risk analyses show the on-site status of these two different elements, and additionally, they are important as they
reflect the high sensitivity and risk created by their
coexistence at the same area.

Bafra-Forest
Management Institution,
Esri
Basemap

Features
1/25.000 scale digital
topography map
Land use map was produced with forest management map. Verification was made from satellite images.
1/25.000 scale soil
map. Major soil groups
were considered.
Stream network, channels and lakes data were
collected and corrected
from different sources.
The amount of population was obtained from
Turkish Stastical Institute. According to the
function, settlements
divided into rural and
urban areas.
Road data was obtained
from forest management map. Also deficiencies of this map
was fixed using Esri
Basemap. Classified as
asphalt, soil and stabilized.

Methods. After specify the parameters, determination of factor weights, the second phase in ecological sensitivity and risk assessment, is a difficult
task because there are complicated relations between
the factors, and their importance are not same everywhere. Each parameter class must be assigned a different weight according to its importance. Accuracy
of the assigned weights is important for the accuracy
of the results [17, 18]. Analytic Hierarchy Process
(AHP), one of the "Multi Criteria Decision Making"
methods, was used as the most suitable way for
clearing this obstacle [19, 20]. In this context, the
factor weights (assessment index) obtained with
AHP and presented in Table 2.
Although AHP has a specific advantage in assessing many factors or criteria, it cannot reveal the
spatial distribution of these factors or criteria. In the
second step, this deficiency of AHP was covered by
the strong spatial analysis function of GIS. The spatial distribution of the sensitivity was determined by
applying the weighed superposition method to the
factors already classified and weighed with GIS support. The following formula was used during ecological sensitivity assessment:
ܵ


ൌ  ܹሺ݇ሻܥ ሺ݇ሻ ;ϭͿ
ୀଵ

In the formula (1), ܵ reflects the ecological
sensitivity value in each cell. k=1, 2, ....., n are the
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TABLE 2
Classes and weights of assessment parameters
No
1

Para meters
Elevation (m)

2

Land
Use

3

Soil

4

Water
surfaces

5

Population density
(person/km2)

6

Settlements

7

Transportation density

Classes of parameters
0-3
3-5
5-10
10-15
>15
Swamp
Coastal dune
Stream bed
Bare land
Forest
Agricultural
Settlement
Hydromorphic
Coastal dune
Alluvium
< 50
Rivers and chan- 50-100
100-200
nels (m)
>200
Lake (m)
< 50
50-100
100-200
>200
0
0-40
40-70
70-120
> 120
Urban (m)
< 250
250-500
500-1000
1000-2000
> 2000
Rural
< 250
(m)
250-500
500-1000
1000-2000
> 2000
Soil and stabilized < 200
200-600
road (m)
600-1200
1200-2000
> 2000
Asphalt road (m)
< 200
200-600
600-1200
1200-2000
> 2000

Weights of classes
0,51
0,29
0,11
0,06
0,03
0,39
0,23
0,15
0,07
0,11
0,03
0,02
0,64
0,28
0,08
0,64
0,40
0,26
0,11
0,00
0,64
0,60
0,26
0,11
0,00
0,51
0,26
0,13
0,07
0,03
0,56
0,70
0,26
0,12
0,06
0,00
0,56
0,30
0,26
0,12
0,06
0,00
0,57
0,30
0,28
0,11
0,04
0,00
0,57
0,70
0,28
0,11
0,04
0,00

Weight of Parameters
0,34

0,16

0,24

0,11

0,07

0,05

0,03

risk decreases in parallel with the increasing elevation.
The most important thing leading to elevation
dependent ecological sensitivity in Kizilirmak River
Delta is the formation of wetlands. Recognized as
world natural resource museums due to their biodiversity, the wetlands are one of the most important
ecosystems of the earth with their natural functions,
economic and cultural values [23, 24]. The underground water level was very high under two-meter
level in Kizilirmak River Delta, and even, the underground water approached to the surface for up to one
meter in rainy periods (November-April) [25]. This
allows rare habitats to develop especially on lower
sites of the area and increases the sensitivity. Halophytes that can survive and proliferate under high
salt concentrations are common at the lower parts of
Kizilirmak River Delta. These plants constitute only

factors with an effect on the ecological sensitivity.
W(k) is the importance weight of the ecological factor. ܥ ሺ݇ሻ corresponds to the sensitivity level in
each cell of the factors [20-22]. The weight values
provided in Table 2 are used in this formula.

RESULTS AND DISCUSSION
Elevation change. Although there is no significant elevation change in Kizilirmak River Delta,
small elevation changes cause impacts such as
changing underground water level, limited drainage,
injectability of the sea water, wetland formation,
habitat change, etc. By means of using the conditions
available in the study area and the literature, the delta
was categorized (Figure 2a; Table 3). Sensitivity and
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1% of the world's flora [26]. The fact that this rare
flora observed on the lowest parts (0-3m) of the delta
site increases the ecological value and sensitivity of
these parts.
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as a protection on the area.
Soil differentiation. Soil is the source of inorganic materials and considered as one of the lifeless
elements of the ecosystem [5]. However, soil which
accommodates thousands of living creatures is a
very important part of the ecosystem. The entire
study area has soils formed by the materials carried
via water (Figure 2c).
When considered on study area scale, the alluvial lands where intensive farming is carried out
heavily represent the class with the lowest sensitivity
among the soil classes. Therefore, alluvial soils have
the lowest class weight within the soil parameter
(Table 3). Owing to the biodiversity, hydromorphic
land in Kizilirmak River Delta has the highest sensitivity within the soil parameter. Dunes are very important for the continuity of the delta ecosystem.
Along with the ecologically rare habitats they accommodated, these sites serving as a sort of guarantee for the wetlands located behind are rapidly affected by the external factors. So, dunes are considered as second sub-class with an impact on ecological sensitivity and risk in Kizilirmak River Delta.

Land use. When the land, being sensitive to
natural events and human activities, is used carelessly, it may deteriorate easily and lose its ecological and economic function. It causes the natural ecological systems to turn into human-led ecosystems.
As a result, habitats become extinct or go through irremediable changes [27, 28]. Kizilirmak River Delta
is a site which is under heavy pressure from human
activities related to its economic attractions. This
leads to the extinction of the habitats with the destruction of the natural system on the site. The fact
that Kizilirmak River Delta is covered by agricultural areas by 65.1% and settlement areas by 8.9%
clearly reveals the presence of human-led ecosystem
in which naturalness has vanished (Table 3; Figure
2b). When assessed in terms of sensitivity, the
swamp has the highest weight. Dunes has the second
highest sensitivity weight and surround the delta site,
particularly the lagoons, as a shield, and almost serve

FIGURE 2
Ecological sensitivity and risk parameters.
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TABLE 3
Spatial distribution of parameters and weights of classes.
Parameter classes

Area
km2

Elevation (m)
0-3
187,18
3-5
108,42
5-10
108,1
10-15
50,03
> 15
42,11
Rivers and channels (m)
0-50
22,59
50-100
22,08
100-200
43,1
> 200
407,99
Urban settlements (m)
0-250
33,04
250-500
7,35
500-1000
11
1000-2000
23,48
> 2000
420,92
Asphalt roads (m)
0 - 200
63,82
200 - 600
87,09
600 - 1200
88,82
1200 - 2000
83,44
> 2000
172,62
Land Use
Agriculture
325,75
Swamp
78,74
Settlement
44,32
Coastal dune
18,47
Bare land
12,65
Forest
12,02
Stream bed
8,49

%

Weight of
Class

37,75
21,87
21,8
10,09
8,49

0,51
0,29
0,11
0,06
0,03

4,56
4,45
8,69
82,29

0,64
0,26
0,11
0

6,66
1,48
2,22
4,74
84,9

0,56
0,26
0,12
0,06
0

12,87
17,57
17,92
16,83
34,82

0,57
0,28
0,11
0,04
0

65,1
15,7
8,9
3,7
2,5
2,4
1,7

0,03
0,39
0,02
0,23
0,07
0,11
0,15

Area
km2
%
Population density (person/km2)
0
60,39
12,18
0 - 40
156,82 31,63
40 - 70
113,75 22,94
70 - 120
83,99
16,94
> 120
80,85
16,31
Lakes (m)
0-50
9,69
1,96
50-100
8,7
1,76
100-200
14,47
2,92
> 200
462,91 93,37
Rural settlements (m)
0-250
69,41
14
250-500
52,58
10,61
500-1000
110,6
22,31
1000-2000
145,59 29,37
> 2000
117,61 23,72
Soil-Stabilized roads (m)
0 - 200
211,02 42,56
200 - 600
175,61 35,42
600 - 1200
59,93
12,09
1200 - 2000
26,56
5,36
> 2000
22,68
4,57
Soil
Alluvium
416,85 84,01
Hydromorphic
60,85
12,26
Coastal dune
18,48
3,73
Parameter classes

Weight of
Class
0,51
0,26
0,13
0,07
0,03
0,64
0,26
0,11
0
0,56
0,26
0,12
0,06
0
0,57
0,28
0,11
0,04
0
0,08
0,64
0,28

Population density. Kizilirmak River Delta is
an area under population pressure due to its attractions. This controls the ecological sensitivity and risk
through accompanying environmental problems.
The district centers located within Kizilirmak River
Delta site (19 Mayis, Alacam, Bafra) and their surroundings are the places where the population pressure is highest (Figure 2e). The most negative effect
of the high population density which is also present
in Kizilirmak River Delta is the changing natural
land cover [34]. The population trend in these areas,
where biodiversity is also high, turns the ecosystems
into human-led habitats where the species are under
the risk of extinction [35]. Positive correlation values
were found between the size of the human population and the extinction of species [36]. The increase
in the population density makes the protection activities and strategies harder in these areas. Whereas,
the most important purpose of creating protection areas is to minimize the human influence there [37].
Namely, population is one of the important reasons
which are effective in the deterioration and annihilation of both the biodiversity and the protection efforts, and these matters are also observed in Kizilirmak River Delta. Furthermore, population causes a
pressure on the natural environment in the delta due
to their wastes, as well. Especially, the solid wastes
around lagoons, dunes and water system pose an important environmental problem in Kizilirmak River
Delta.

Distance to water systems. Adjacent areas of
the aquatic environments which are ecologically important as to their own biodiversity are also sensitive
areas because of the conditions they create on these
areas. These areas should also be emphasized in
terms of ecological integrity [29]. When Kizilirmak
River Delta is taken into account, the fact that the
topography created by river and rich habitats developing with presence of lakes reveals the importance
of the water systems for the natural environment and
ecology of the area. Based on the literature [17, 30],
concerning both the land conditions and the sensitivity and risk assessment, 4 different zones were created around the river and lakes (Figure 2d). The subclasses, weights and coverage areas of these zones
are given in Table 3.
The important functions of the areas surrounding the water systems include discharging the aquifers, sustaining the quality of surface and underground waters, preventing eutrophication in lakes
and rivers by keeping the nutrients from the ambient
and creating areas for several plant and animal species to meet their basic vital needs [31, 32]. Moreover, these areas serve as a corridor for the movement
and migration of plant and animal species [33]. It is
a fact that all of these matters are present in Kizilirmak River Delta and it is clear that these lead to an
increase in ecological sensitivity.
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second residence areas built in Ramsar site
area and grade 1 natural site areas, i.e. areas absolutely prohibited to reside. Summer house areas rapidly increase around Derekoy, the easternmost part
of the delta, and these areas continue to progress into
the delta.

After calculating the distribution of population
GHQVLW\LQ.Õ]ÕOÕUPDN5LYHU'HOWDE\PHDQVRIVSDWLDO
statistics, population density classes were identified
by considering the reflection of spatial difference in
the study area (Table 2). As the areas with low population density are the areas where there is least deterioration in the natural environment, they comprise
the areas with the highest ecological sensitivity.
Classes were specified in a manner in which sensitivity would decrease in parallel with the increase in
the population density. Regional distributions and
weights of the population density classes are given
in Table 3.

Distance to roads. Roads comprise an anthropogenic element which emerge with the presence of
two above-mentioned parameters (population and
settlement) and have a density and effective site varying by these two parameters. In ecological terms,
roads can affect the natural environment with its results such as reduced plant and animal populations,
limited movement of the species, creating avoidance
behavior on the fauna, water system contamination,
deterioration of erosion and sediment balance, chemical pollution in the atmosphere, deteriorated natural
vegetation with the introduction of the exotic species, habitat degradation and fragmentation [40, 41].
Negative effects caused by the roads can reveal
themselves within a distance from few meters to few
kilometers within the ecosystem. The areas under
this effect alongside the road are defined as " roadeffect zone" [42]. Negative correlation was detected
between the natural fauna and flora density and determined that this correlation change positively as
moved away the road [43]. In this study, zones are
detected with knowledge that ecological sensitivity
and risk decreased with increase in distance from
road (Figure 2g). Also similar studies taken into account [17]. Additionally, due to the information that
increased technical quality of the roads would decrease the protection of the flora and fauna value at
the area [44] and the roads with a larger traffic volume caused bigger habitat and population problems
[42], 2 sub-classes as asphalt roads and stabilized/soil roads were created (Table 2). The ecological sensitivity and risk weights of these sub-classes
and road-effect zone as well as their spatial distributions are given in Table 3.

Settlement distribution. Human settlement
occurs in two different ways in spatial terms, urban
and rural. Urban areas are more active for the increase in the risk levels in the natural environment.
Therefore, the weight of the urban settlements were
taken into account more than the rural settlements in
the study (Table 2). Settlements not only create ecological sensitivity and risk in the natural environment under their coverage but also consist a parameter affecting the surrounding sites [38], and this effect shows a decrease from residential areas towards
the environment [39]. Considering this fact and the
studies [17], buffer areas were created (Figure 2f).
Class weights of the buffer areas were determined on
the basis of the assumption that the closer to the settlements the area is, the more risk it creates ecologically. These class weights and spatial distributions
are given in Table 3.
The settlements areas in Kizilirmak River Delta
are generally accumulated in the surroundings of district centers as well as the site between lagoons and
River Kizilirmak. In addition to the settlements established for economic reasons in Kizilirmak River
Delta, there are secondary residence areas used as
summer houses due to the natural beauties. The most
important thing is that these types of residences are
observed within the borders of protection areas. The

FIGURE 3
Ecological sensitivity and risk zones.

6513

© by PSP

Volume 26 ± No. 11/2017 pages 6508-6516

Fresenius Environmental Bulletin

the anthropogenic pressure must be taken under control.
The main problem encountered in the planning
efforts made for protection purposes results from the
lack of adequate, reliable and current information on
the natural resources present in the planned region.
This study also made an effort to produce more current and reliable data about Kizilirmak River Delta.
We think that this data is important for serving as a
basis for the local authorities and decision-makers.

Enabling the human pressure to reach even the
remotest areas, the roads are clearly an important
spatial parameter in ecological sensitivity and risk
assessment. The fact that roads spread over almost
the whole site in Kizilirmak River Delta causes the
ecological risk to increase. The total length of the
roads within the delta is 783 km. These roads consists of 154 km asphalt, 203 km soil and 424 km stabilized roads. The road density is 1581 m/km2.
Ecological sensitivity and risk zones. The
sensitive and risky areas were determined as a result
of the comprehensive ecological sensitivity and risk
assessment made with seven above-mentioned parameters in Kizilirmak River Delta. In the determination of ecological sensitivity and risk zones, the
parameters of elevation, soil and land use were more
decisive than other parameters as they had a higher
importance weight (Table 2). As a result, the eastern
coasts of the delta were determined to have a higher
level of sensitivity and risk (Figure 3). On western
coasts, the relatively lower site around Lake Karabogaz was observed to have a higher ecological sensitivity and risk. Particularly, the lakes located close to
the sea level and the soil formed around them as well
as the type of land usage caused these zones to have
a higher ecological sensitivity and risk in all delta areas.
The ecological sensitivity and risk were determined to be extremely at 44.83 km2 (%9) area
mostly around lagoons in the delta area. At 16.99
km2' (%3.4) area corresponding mostly to the dunes
around the delta area, a high level of sensitivity and
risk were identified to spread. The high and extremely risk areas are surrounded by the moderate
sensitivity and risk areas (141.75 km2) which are
wider on eastern coasts, and they cover 29% of the
total area. The areas with light (23%) and no (36%)
sensitivity and risk zones which are mostly located
in the south of the delta and emerged due to the human activities differentiated with the change in the
parameters such as soil, land use and elevation.
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be taken, due to many natural environmental threats,
when laying aside for several years the farmland
which until then has been intensively cropped [4,14].
One of the successful methods of protecting fallow
land is growing grass sward [5, 11, 12, 25]. By adding considerable amounts of biomass to the cycling
of matter, this solution can significantly improve
properties of many agriculturally valuable soils
[3,31]. Considering two aspects, such as preserving
biodiversity and providing the most effective protection of fields temporarily excluded from agricultural
production, grasses and their mixtures with papilionaceous plants are recommended [16, 40]. Such
management of idle land enables one to monitor
plant succession, contributes to enhanced landscape
attributes and ensures an easy return to agricultural
production on a set-aside field [10, 37]. Controlled
grass sward eliminates the risk of weed infestation
on fields adjacent to idle ones [9]. Permanent grass
cover favours sequestration in the soil, which means
that arable lands can alleviate climate change by improving the global balance of CO2 and N2O [1, 20,
33]. Further, the biomass left on fallow land is a valuable source of humic compounds, which entails its
positive influence on resources of nutrients, their
mobilisation and availability to subsequent crops
[19,39,40]. A break in growing crops alongside a
constant supply of biomass encourage the biological
activity in soils set aside [28], which offers a chance
to replenish soil resources of organic carbon [6, 18].
The role of organic matter, in the context of soil fertility, is frequently undervalued [2, 32]. However, it
is actually organic matter that largely determines stable yields of many crop species [15]. Having fulfilled
certain conditions, a break in crop production, even
a few years long, can generate measurable benefits
[14].
The research was targeted to evaluate the different ways of soil conservation excluded from the
agricultural use in the context of preserving its fertility. For this purpose, the content of Corg and Nog in
the soil subjected to the long-term set-aside (natural
fallow, goat's rue, goat's rue+aweless brome, aweless
brome) and fallowing (bare fallow) was traced.

ABSTRACT
Soil is an extremely valuable component of
ecosystems. Even during a break in intensive soil
cultivation planned for a few years, the set-aside land
should be given the best possible protection. The biomass left on fallow fields is a priceless source of
humic compounds, which entails positive influence
on resources of nutrients, their mobilisation and
availability to future crops. The field experiment
comprised five treatments: 1 ± bare fallow, 2 ± a plot
VZDUGHGZLWKJRDW¶VUXH Galega orientalis Lam.), 3
± natural fallow, 4 ± a plot swarded with a mix of
JRDW¶V UXH Galega orientalis Lam.) and aweless
brome (Bromus inermis), 5 ± a plot swarded with
aweless brome (Bromus inermis). During the experiment, agronomic treatments were limited to mechanical weeding of the bare fallow. Plant material
was sampled from the swarded plots for chemical
analyses. Each year, after the growing season finished, soil samples were taken. The soil was sampled
at the depth of 0-25 cm. The tests showed that the
way set-aside and fallow land is maintained significantly modified both the total nitrogen and organic
FDUERQFRQFHQWUDWLRQVLQVRLO*RDW¶VUXHDQGLWVPL[
ture with aweless brome most evidently favoured increased concentrations of organic carbon and total
nitrogen. Bare fallow prove to be the least favourable
solution. The tests have also demonstrated that the
amount of organic carbon compounds accumulated
in soil depended on the biomass of plants on a given
set-aside field and the nitrogen accumulated in that
biomass.

KEYWORDS:
bare and natural fallow, Galega orientalis Lam., Corg.,
set-aside field, Ntot.

INTRODUCTION
Because of its role in crop production, soil
should be constantly protected, regardless of the current economic conditions and market demands [10,
21]. The highest possible protection measures should
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FIGURE 1
Location of the experiment

FIGURE 2
Dynamics of changes in organic carbon content in soil in the years 2000-2007

this study was omitted. The soil under the whole experiment was classified as good wheat complex,
class IIIa in the Polish soil classification system
(haplic cambisol ± IUSS Working Group WRB
2014). The abundance of the humic layer in available
nutrients was as follows: 71.9 ± 119.2 mg P kg-1,
196.4 ± 223.0 mg kg-1 K and 69.1 - 85.1 mg Mg kg-1
of soil. The content of organic carbon ranged from
9.50 to 12.03 g kg-1 and total nitrogen from 1.08 to
1.24 g kg-1. On the selected area there were randomized the plots (480 m2×20 treatments), on which the
following types of set-aside land were started: bare

MATERIALS AND METHODS
In 1996, a field experiment was set up in
Knopin in Poland - ¶¶¶1 ¶¶¶( WKH
municipality of Dobre Miasto, the Province of
Warmia and Mazury) on some land owned by a private farmer (Fig. 1). This paper discusses the results
obtained in 2000-2007. In order to mitigate the impact of uncontrolled variables on the results of experiment due to the lack of repetitions and its unconventional system, the study period was extended to
eight years and the preliminary four-years period of
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IDOORZSORWVZDUGHGZLWKJRDW¶VUXH Galega orientalis Lam.), natural fallow, plot covered with a mixWXUHRIJRDW¶VUXH Galega orientalis Lam.) and aweless brome (Bromus inermis), plots warded with
aweless brome (Bromus inermis)with four replications.
The bare fallow, with regular mechanical weeding treatments, was kept free from any growing
plants. The weeding was performed with passive agricultural devices. No agronomic treatments were
performed on the other plots. Plant-covered plots
were sampled for analysis, but the whole biomass remained on field. Plant samples (4 × 1m2) were taken
from the fallows in order to determine the biomass
and chemical composition. Samples of the plants
were collected once each year at the same growth
and development stage, i.e. at the early inflorescence
VWDJHRIJRDW¶VUXHZKHQWKHSODQWVKDGUHDFKHGWKHLU
maximum weight. Soil material for tests was sampled once a years, in autumn, after the plant growing
season had terminated. The soil samples were taken
from each treatment in four replicates from the depth
of 0-25 cm. The sampled soil was brought to the airdry state, and then passed through a sieve of a mesh
diameter equal 1 mm. The soil samples thus prepared
underwent chemical analyses, namely organic carERQ ZDVGHWHUPLQHGE\7XULQ¶V PHWKRG ZKLOHWRWDO

Fresenius Environmental Bulletin

nitrogen was assayed by the distillation method after
the samples had been mineralised in H2SO4. The determination of the concentration of Ntot (Kjeldahl
method), having first wet mineralised the material in
H2SO4 [24]. The results were submitted to statistical
DQDO\VLVXVLQJ'XQFDQ¶VWHVW

RESULTS
Content of organic carbon in soil. The above
experiment has evidenced that the way fallow land is
maintained has strong influence on the content of organic carbon in the 0-25 cm soil layer. The biggest
change in the soil supply of organic carbon was
caused E\ JURZLQJ JRDW¶V UXH RQ D VHW-aside field
(Fig. 2). From the first to the last year of the experiment, the soil under this fallow land demonstrated
the most dynamic increase in Corg among all the
tested plots. Significantly poorer humus-formation
capacit\ FRPSDUHG WR PRQRFXOWXUH RI JRDW¶V UXH
was attributed to aweless brome, grown alone or in a
PL[WXUHZLWKJRDW¶VUXH/LNHZLVHPDLQWDLQLQJQDWX
ral fallow proved to be less successful in enhancing
the organic carbon concentration in soil.

FIGURE 3
Content of Corg in soil depending on amount of the biomass produced on fallow land in t ha -1

FIGURE 4
Content of Corg in soil depending on amount of N accumulated in the biomass on fallow land in kg ha -1
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TABLE 1
Mean content of total nitrogen in set-aside soil in g kg-1
Treatments

Years
2000
1.11
1.27
1.20

2001
1.12
1.29
1.22

2002
1.05
1.32
1.22

2003
0.94
1.38
1.36

2004
0.92
1.43
1.39

Bare fallow
*RDW¶V-rue
Natural fallow
*RDW¶V-rue + aweless
1.18
1.22
1.26
1.33
1.39
grass
Aweless grass
1.17
1.24
1.26
1.35
1.36
Mean
1.19
1.22
1.22
1.27
1.30
LSD0.05 for years 0.022; LSD0.05 for treatments 0.018; LSD0.05 for interaction

Mean

2005
0.89
1.48
1.38

2006
0.88
1.54
1.38

2007
0.84
1.62
1.38

1.41

1.45

1.46

1.34

1.33
1.30

1.30
1.31

1.33
1.33

1.29

0.97
1.42
1.32

0.050

or determined in a field covered with natural vegetation. Considerably less nitrogen was determined in
the soil under bare fallow. Keeping idle land as bare
fallow led to strong depletion of total nitrogen from
soil, as the mean concentration of this element in soil
under bare fallow was over 30% lower.

Natural fallow was the least effective, over the whole
DQDO\]HGSHULRGLQLQFUHDVLQJWKHVRLO¶VUHVRXUFHVRI
organic matter. Keeping a field as bare fallow led to
a considerable decrease in the concentration of organic carbon in the soil layer 0-25 cm deep. Statistically proven differences were nearly 44% high comSDUHGWRWKHSORWVZDUGHGZLWKJRDW¶VUXHDQG
KLJKYHUVXVWKHSORWVZDUGHGZLWKDPL[WXUHRIJRDW¶V
rue and aweless brome. Long-term mechanical treatments carried out to keep land free from plants deSOHWHGWKHVRLO¶VVXSSOLHVRIRUJDQLFFDUERQE\DERXW
22%.
The calculated regression equations evidently
support the claim that set-aside land should have permanent plant cover. The results yielded by the present experiment also showed that the content of Corg
in soil, under the conditions established for the trials,
was strictly correlated with quantities of dry matter
produced on set-aside fields and with amounts of nitrogen accumulated in the plants, obviously excluding the bare fallow from these considerations (Fig. 3
and 4). More organic carbon appeared in the soil unGHUJRDW¶VUXHRULWVPL[WXUHZLWKDZHOHVVEURPHWKDQ
in soil under natural fallow. Natural fallow was characterised by the lowest productivity; at the same
time, the plants which covered natural fallow took up
the smallest amounts of nitrogen.

DISCUSSION
The constant supply of organic matter in the
form of biomass left on a field each year could have
been one of the reasons why the concentration of organic carbon in the 0-25 cm layer of soil in plant covered plots significantly increased. This increase was
WKHKLJKHVWLQVRLOXQGHUJRDW¶VUXHRUDPL[WXUHRI
JRDW¶VUXHDQGDZHOHVVEURPH6WXGLHVFDUULHGRXWE\
ĩDUF]\ĔVNLDQG6LHQNLHZLF]>@RU6XRPLQHQHWDO
>@LPSO\WKDWJRDW¶VUXHRUDPL[WXUHRIJRDW¶VUXH
with aweless brome, used to sward set-aside land, are
highly capable of accumulating nutrients. The above
DXWKRUVFODLPWKDW JRDW¶VUXH DV ZHOODVLWV PL[WXUH
with aweless brome can produce large amounts of
biomass during a growing season. Owing to the high
productivity of both the aerial parts of this species
and its developed root system with underground stoORQVJRDW¶VUXHLVDSRWHQWLDOVRXUFHRIRUJDQLFVXE
stances, the biggest one among all the plants grown
on the fallow fields in the present experiment. Keeping the tested fields idle for a few years favoured
steady accumulation of organic matter on and in the
soil laid fallow. An analogous, positive effect of a
mix of papilionaceous plants with grasses on the concentration of organic carbon in uncropped soils has
been recorded by Sabienne et al. [27]. Long-term setaside leads to the formation of turf, which is dominated by grass. Hence, the similar effect was probably obtained by the cover of fallow land with aweless
brome. A similar increase in the concentration of organic carbon has been reported by Fullen et al. [12],
who found out that growing perennial ryegrass (Lolium perenne) for ten years on fallow land led to an
increase in the soil resources of organic carbon by
10.7 gkg-1despite the fact that the field was situated
on strongly inclined terrain. The above authors, analogously to Schroth et al. [30], attributed higher Corg
concentration in fallow soil to the effect produced by

Content of total nitrogen in soil. Based on the
field experiment, it has been demonstrated that the
tested ways of maintaining set-aside land have a significant effect on the total nitrogen content in soil
(Table 1). Among all the analysed ways of maintainLQJLGOHODQGJRDW¶VUXHFRQWULEXWHGPRVWWRDKLJKHU
concentration of total nitrogen in the tested soil layer
(0-25 cm). The soil abundance in total nitrogen was
significantly lower in the other plant-covered plots
WKDQLQWKHVRLOVZDUGHGZLWKJRDW¶VUXH$PL[WXUH
RI JRDW¶V UXH DQG DZHOHVV EURPH JUDVV RU SODQWV
growing on natural fallow land had a similar effect
on the total nitrogen concentration in soil. When setaside land was swarded with aweless brome grass
alone, significantly less nitrogen was accumulated in
soil. These differences, although verified statistically, were not so big when compared to the effect
SURGXFHGE\DPL[WXUHRIWKLVJUDVVZLWKJRDW¶VUXH
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be accumulated in soil, as assimilated during their
growing season. After its mineralisation, there is a
risk that mineralised forms of nitrogen can travel
downwards into the soil profile and reach underground water [34]. The loss can range from 100 to
300 kg Nha-1 a year after set-aside land is again used
for agricultural production, as reported by Richter et
al. [26]. Eggenschwiler et al. [8] stated that mixtures
of perennial papilionaceous plants with grasses did
not pose any threat to the environment related to nitrogen supplies. Less dynamic changes as well as a
slower rate of increase in total nitrogen concentration
LQVRLOXQGHUDPL[RIJRDW¶VUXHZLWKDZHOHVVEURPH
grass indicate that this is a safer way of maintaining
IDOORZODQGWKDQVRZLQJDPRQRFXOWXUHRIJRDW¶s rue.
In contrast, keeping idle land as bare fallow resulted
in a steady decrease in the concentration of this nutrient in soil. Nitrogen was most probably mineralised and then leached downwards into the soil profile. This event, as Richter et al. [26] suggest, can be
encouraged by the fact that there are no plants to deter underground water transfer, and agronomic practice greatly accelerates the rate of mineralisation in
soil under a fallow field. This is why Froment et al.
[11] recommend sowing idle fields, if only for a short
time, with such plant as ryegrass so as to reduce the
loss of nitrogen.
%RWKWKHDXWKRUV¶RZQUHVXOWVDQGWKHQXPHURXV
cited reports indicate that fallowing has a strong efIHFWRQVKDSLQJVRLO¶VIHUWLOLW\5HVXOWVRIWKHUHVHDUFK
presented in this paper have enabled us to conclude
that long-term setting aside of farmland produces
some effect on the concentration of organic carbon
and total nitrogen. The nature of fluctuations in the
levels of both nutrients depends on how the farmland
set aside for some time is maintained. Certainly, the
worst possible method proved to be bare fallow.
Plant cover, depending on its type, largely prevented
negative changes in soil. The biomass produced by
plants each year was left on a fallow field, improving
the general balance of organic matter. The results
FOHDUO\LQGLFDWHWKDWJURZLQJJRDW¶VUXHRULWVPL[WXUH
ZLWKDZHOHVVEURPHUDLVHVWKHVRLO¶VVXSSOLHVRIRU
ganic carbon and total nitrogen. When fallow land is
maintained in such a way, instead of being depleted
from nutrients, it can be made more fertile. The results of our experiment demonstrate rather clearly
WKDW ERWK JRDW¶V UXH DQG LWV PL[WXUH ZLWK DZHOHVV
brome should be recommended for maintaining
farmland temporarily laid fallow.

plants grown and left on a given field. According to
Fullen [13], presence of grasses on set-aside fields
favours retention of water and nutrients in soil,
which can have strong influence on concentration of
organic matter in soil. Sarmiento and Bottner [29]
also report about the positive impact of setting aside
farmland on the soil content of organic carbon. However, these authors attribute such effects mostly to a
larger number of microorganisms in uncropped soil.
In turn, Warren and Topping [38] report that different combinations of plant cover may produce different effects on soil properties. The two researchers
underline that the final result largely depends on the
soil itself, in which the major effect is played by the
share of floatable particles. In our own studies, maintaining land as bare fallow had a negative influence
on the stability of the discussed soil fertility indicator
and led to depletion of organic carbon resources.
Similar results were achieved by Asuming-Brempong et al. [43], who concluded that when soil was
kept as bare fallow, the soil resources of organic carbon were not improved. These results correlated with
reports about the negative effect of intensive soil tillage on soil humus supplies [38]. Intensive mechanical soil tillage intensifies oxidation of organic matter, especially in the topmost layers of soil. Ploughing physically disturbs the surface layer of soil, in
which the content of O2 grows; moreover, residues
on top of the soil are dispersed and have more contact
with soil particles, which enhances the microbial activity. There are many reports suggesting that presence of plant cover strongly determines several
chemical attributes of soils excluded from farming
[17]. Warren and Topping [38] emphasise that the
results obtained under such conditions are predominantly shaped by contributions of particular plant
species covering idle land. To some extent, this conclusion is supported by the results of the total nitrogen concentration in soil obtained in our experiment.
The highest concentration of this nutrient was found
LQWKHVRLOXQGHUJRDW¶VUXH*RDW¶VUXHLV a perennial
species, which Oldham and Ransom [23] go as far as
to call an invasive species. Egamberdieva et al. [7]
point to the fact that this plant, owing to a symbiotic
association with nitrogen-binding bacteria, can accumulate large quantities of nitrogen. Nõmmsalu et al.
[22] prove that this plant can accumulate from 180
up to 480 kg Nha-1 in a year. It is probably because
of such capability as well as well-developed roots
ZKLFKNHHSJRDW¶VUXHZHOOVXSSOLHGZLWKZDWHUWKDW
the soil under this plant has been demonstrated as being the most abundant in total nitrogen. According to
Zhong et al. [42], presence of papilionaceous plants
on arable lands, owing to their capacity of binding
free nitrogen, is highly desirable. A contribution of
papilionaceous plants to plants growing on a field
improves yields and can successfully compete with
farmyard manure fertilization, as Tonitto et al. [36]
showed. However, growing papilionaceous plants
creates a risk that excessive amounts of nitrogen will

CONCLUSIONS
%RWKWKHDXWKRUV¶RZQUHVXOWVDQGWKHQXPHURXV
cited reports indicate that fallowing has a strong efIHFWRQVKDSLQJVRLO¶VIHUWLOLW\5HVXOWVRIWKHUHVHDUFK
presented in this paper have enabled us to conclude
that long-term setting aside of farmland produces
some effect on the concentration of organic carbon
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of life and catalysts of interconversion between alcohols and aldehydes or ketones [1]. Dehydrogenation
and hydrogenation reactions are special significance
in industry. Particularly ADH enzymes have important role in organic synthesis of chiral pharmaceuticals and chiral alcohols for production of the
other biologically active compounds. While the most
of ADHs run for a wide variety of alcohols, aldehydes and ketones, the fungi ADHs generally are
specific for ethanol and aldehydes. ADHs generated
from yeast are mostly used industrially however has
benefited from other fungi as Neurospora crassa
used in production of chiral pharmaceuticals [2]. The
ADHs of Saccharomyces cerevisiae have been studied intensively for over half a century [3]. Among
the eukaryotic microorganisms S. cerevisiae is most
studied for its salt tolerance. However, S. cerevisiae
is rather salt sensitive and not able to adapt to hypersaline conditions [4]. Fungal species from extreme
environments represent an underexploited source of
stress-resistance genes. These genes have the potential to improve stress tolerance of economically important microorganisms and crops [5].
A number of fungal species and strains inhabiting natural hypersaline environments have been described [4, 6-10]. Based on cardinal range, these can
be categorized as halotolerant, extremely halotolerant and halophilic [11]. Halophilic fungi are defined
as those fungi which can grow in vitro at salt concentration of 3 M and can be isolated from global
environments at salinities above 1.7 M [12]. Growing on the high salt concentration halophilic/halotolerant fungi have an industrial potential because their
enzymes are active in the osmotic conditions. Lake
Tuz (Salt Lake), the shallow lake in Turkey, is water
extremely saline with a salt content of 32% as extreme environments, which is the host for these organisms.
It is important for an industrial enzyme to tolerate changing environmental conditions. Since extremophilic microorganisms can adapt to the extreme life conditions, the enzymes obtained from
such organisms can exhibit activity in extreme conditions. In our study, halophilic/halotolerant fungi
isolated from hypersaline environments thought to
be a good natural resource. In addition to intensive

ABSTRACT
Extremophile microorganisms can survive in
many different environments such as high salt concentrations, high temperatures, high pressures and
extreme pHs. They generate unique industrial biocatalysts, run in the extreme conditions. Similarly,
Alcohol Dehydrogenases (ADH) from halophilic/halotolerant fungi are exciting biocatalysts
with potential industrial applications. In this study,
the microfungi isolated from Lake Tuz (Salt Lake or
Tuz Golu) in Turkey were investigated in terms of
ADH enzyme activity. Primarily, 38 fungal isolates
were screened for ADH enzyme activity and then
eight isolates with the highest activity were identified by molecular methods with sequencing of internal transcribe spacer regions. These species are the
following; Cladosporium macrocarpum, Eurotium
niveoglacum, Aspergillus versicolor, A. niger, C.
sphaerospermum, C. cladosporioides, Penicillium
chrysogenum and E. amstelodami. Specific enzyme
activity of these species ranged from 3.21 to 5.93
U/mg.
For purification of the enzyme, ammonium sulfate precipitation and dialysis methods was applied
to extract of A. niger. SDS-PAGE and HPLC method
was used to indicate the presence of proteins and
protein profiles in the dialyzed extract. The activity
of A. niger ADH was investigated in high salt concentration conditions. In salt stress, the specific activity increased by 4.2%. Consequently, ADH of A.
niger is biotechnologically important because it is an
active enzyme in extreme conditions.

KEYWORDS:
ADH Activity, Halotolerant Microfungi, Lake Tuz

INTRODUCTION
Alcohol Dehydrogenases (ADH) (EC 1.1.1.1)
belonged to the family of oxidoreductases are key
enzymes for production and utilization of alcohols.
This enzyme family is dispersed in the three domains
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studies on archaea and bacteria from halophilic microorganisms, it is important to isolation and studies
on biotechnology of halophilic-halotolerant fungi
are required. ADH potential of the halotolerant/halophilic fungi from Lake Tuz is the objectives of this
study for possibility of alternative to commercial usage of yeast.
The work presented in this article is isolation of
halotoleranthalophilic fungi from Lake Tuz and
screening for the total ADH. The protein profile of
fungus extracts was examined by SDS-PAGE and
HPLC applications. In addition, the effect of salt
concentration on HPLC profile and ADH activity
was also examined.

Fresenius Environmental Bulletin

cubation, the Petri dishes were followed for isolation. Isolates grown on these concentrations were deposited on MEA slants at +4°C.
Isolated fungi were identified based on macro
and micro morphological characteristics such as colony diameter, mycelia and revers color, exudate, soluble pigment, sclerotia, determinative features of
sexual and asexual spores for example shape, size
and surface texture, using standard taxonomic references [15-21]. The isolates have been maintained as
stock in the Department of Biology, ESOGU Eskisehir-Turkey.
DNA extraction and identification. Fungal
mycelia were grown in MEA broth medium and the
genomic DNA of selected pure cultures was extracted using the CTAB protocol [22]. The ITS1±
5.8S- ITS2 region was amplified using primers ITS4
and ITS5 [23]. Each PCR reaction of 50 μl was performed using the following final concentrations or
WRWDODPRXQWVȝORIWHPSODWH'1$;3&5EXIIHU
1.5 mM MgCl2, 0.4 mMdNTP mixture, 0.2 μM of
each primer and 1.25 units Taq Polymerase (FERMENTAS). The PCR thermal cycling program used
for the primer pair ITS4 and ITS5 was as follows:
initial denaturation at 94°C for 3 min, followed by
40 cycles of 94°C for 35 sec, annealing at 52°C for
35 sec, extension at 72°C for 45 sec, and final extension at 72°C for 7 min.. Sequencing in both directions was performed on an automated sequencer
(Macrogen Company Korea) using primers ITS4 and
ITS5. Sequence similarities were obtained using the
BLAST tool from NCBI.

MATERIALS AND METHODS
Sample sites and sample collection. The Lake
Tuz Specially Protected Area is a unique ecosystem
for both agricultural activities and natural life in Turkey. It is a shallow lake of a tectonic origin and the
second largest lake in Turkey and is located in Central Anatolia of Turkey. The area is about 1,831 km2
and includes three provinces. Its extent varies greatly
with a maximum depth of 1.5 m in spring, while in
summer most of the lake dries up completely, except
some small areas [13].
The samples of water were compositely taken
from five different stations in June and October 2010
along the West and East coasts of Lake Tuz (coordinates
N39°04'19"
E33°24'41";
N38o47'52"
o
o
o
E33 36'52"; N38 57'33" E 33 24'9"; N39o04'09"
E33o23'49" and N38o47'12" E33o12'10", respectively). Physicochemical conditions during sampling
were determined using portable instrumentation
(WTW, Germany). The salinity, temperature and pH
of the Lake Tuz water were measured in situ. The
total salt concentrations of these samples varied 2030%. The average temperature was 25.4°C ±9 and
main pH 7.5 at stations taken water samples. To investigate microbial properties, water samples were
collected in one-liter sterile bottles. All samples were
put into process in 24 hours.

Total ADH activity. Media and supplements
were as described by Cove [24]. For growth in liquid
medium, strains were grown in appropriately supplemented 1 % (w/v) glucose medium, 10 mM urea, for
24 h at 25°C in an orbital shaker (120 rpm.). The mycelium was harvested by filtration and transferred to
fresh minimal medium containing glycerol (100
mM) [25]. Mycelium was homogenized in sodium
phosphate buffer (pH 7.5) and centrifuged (14 000
rpm) at 4°C for 30 minutes. The supernatant was immediately used for determining enzyme activity.
ADH activity assays were performed by measuring the substrate-dependent absorbance increase at
340 nm due to reduction of NAD+ to NADH. The
reaction mixture (3ml) contained: 0.1 ml supernatant
and 2.9 ml NAD+ (7.5 mM), 0.1 ml %95 ethanol and.
sodium pyrophosphate buffer (22 mM, pH=8.8) [26,
27].
Enzyme activity is given as total activity (1 unit
= μmol NADH formed/min) and specific activity
8  XQLWPJ ȝPRO min-1 mg-1)) at 25°C. Protein
concentration was measured by the Bradford method
with bovine serum albumin as a standard [28].

Isolation and characterization of fungi. The
50 ml aliquots of each water sample were filtered
through a cellulose nitrate membrane filter (por size
0.45 μm, Sartorius). Filters were placed onto five
different types of culture medium. MY10-12 (malt
extract yeast extract agar containing %10 Glucose
and%12 NaCl) (aw 0.88), MY50G (malt extract yeast
extract agar containing %50 Glucose), (aw 0,89),
MEA+17% NaCl, MEA+24% NaCl and
MEA+30%NaCl [14]. To the isolation media chloramphenicol (100 mg/L) was added. Water activities
of the media were determined using the water activity meter (Aqualab, Decagon Devices, USA). Samples were incubated at 27°C for 60 days. During in-

Salt Stress on ADH Activity. The isolate selected was grown in appropriately supplemented 1 %
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follow: Cladosporium spp (10), Penicillium spp
(10), Aspergillus spp (6), Alternaria spp (4), Eurotium spp (2), Stemphylum spp (2), Ulocladium spp
(2), Emericella sp (1), Scopulariopsis sp (1). All the
mentioned genera were commonly reported in the
literature related to fungi from hypersaline environments [4, 6-10, 32, 33]. The number of isolates of
Cladosporium and Penicillium genera are followed
by the genera Aspergillus and Alternaria. Cantrell et
al and Gunda-Cimerman et al reported that halotolerant/halophilic fungi isolated from the hipersaline
environment were often members of the genera
Cladosporium, Aspergillus and Alternaria [14, 33].
Several halotolerant/halophilic members belonging
to Aspergillus, Penicillum, Eurotium, Emericella,
Scopulariopsis, Ulocladium and Stemphylium genus
were reported from several saline environments such
as solar salterns, hypersaline microbial mats, and
Mediterranean Sea [9, 33, 34]. Number of isolates
belonging to Cladosporium, Alternaria and Aspergillus genus were in majority indicate that the frequency of occurrence of these organisms in Lake
Tuz is also high.
ADH activity of 38 fungal cultures isolated
hypersaline environment was evaluated as the average of ADH activity of isolates belonging to the
same genus. Regarding the average of grouped genus, specific ADH enzyme activity of
Cladosporium, Aspergillus, Alternaria and Eurotium were 3.49 ȝPRO dk-1 mg-1, 3.15 ȝPRO dk-1 mg1
, 3.68 ȝPRO dk-1 mg-1 and 4.48 ȝPRO dk-1 mg-1, respectively. Average of specific ADH enzyme activity of these groups were observed that over 3.14
ȝPRO dk-1 mg-1. Average values belonging to other
groups, Penicillium, Emericella, Scopulariopsis,
Stemphylium and Ulocladium, were below average.
It was very interesting that the enzyme activity of
dominant genera in hypersaline water were higher
than the other groups.
The eight fungi that had the highest activity
among the isolates screened were identified by molecular methods with sequencing of internal transcribe spacer (ITS) regions. These isolates and their
specific activities were as follow; C. macrocarpum
(5.93 U/mg), E. niveoglacum (5.74 U/mg), A. versicolor (5.53 U/mg), A. niger (5.12 U/mg), C. sphaerospermum (4.39 U/mg), C. cladosporioides (4.22
U/mg), P. chrysogenum (3.90 U/mg) and E. amstelodami (3.21 U/mg). The safety of a new enzyme product from novel isolated strains is determined by the
background of the production organism [35]. The
use of a strain with a history of safe use and targeted
integration according to the concept described above
has consequences for the safety studies on the final
product. Although restriction that new and unknown
isolates should be checked for ochratoxin A production before they are developed as production organisms A. niger is a safe production organism [36]. For
this reason, A. niger was selected among isolates
whose enzyme activity was above 5 U / mg.

(w/v) glucose medium, 10 mM urea, for 24 h at 25
°C in an orbital shaker (120 rpm.). The mycelium
was harvested by filtration and transferred to fresh
minimal medium containing glycerol (100 mM)
with10% NaCl. Subsequently it was used the above
mentioned procedure. Yeast ADH (purified from
Saccharomyces cerevisiae) was obtained from
Sigma-Aldrich (Sigma-A7011) and used as a standard.
Ammonium sulfate precipitation. Precipitation of the ADH from the mycelium extract was performed by adding solid ammonium sulfate to the extract to provide 60% saturation at 4°C overnight with
continuous stirring. Precipitates were obtained by
centrifugation at 13 000 rpm for 1 hour at 4°C. Pellet
transferred to dialysis tubing and was dialyzed overnight at 4°C with 20 mM Tris/HCl (pH 8.5) buffer
[29]. Aliquots of precipitation fractions were analyzed on a sodium dodecyl sulfate polyacrylamide
gel electrophoresis and high performance liquid
chromatography.
Determination of electrophoretic profile. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of the peptide mixture from the
dialysate was performed according to the method of
Laemmli [30]. Samples were submitted to a 4%
stacking and 10% resolving polyacrylamide gel electrophoresis under reducing conditions. After electrophoresis, the protein bands were stained with Coomassie brilliant blue R-250.
Determination of chromatographic profile.
The normal and salt stressed condition dialyzed from
the ammonium sulfate precipitation of ADH were
fractioned by reverse-phase (RP) high performance
liquid chromatography (HPLC) system of a Shimadzu Prominence (Tokyo, Japan) apparatus,
equipped with a photodiode array detector and a C18
reverse phase analytic column (4.6 mm×250 mm)
from Vydac (Hisperia, CA, USA). The column was
equilibrated with 0.12% trifluoroacetic acid (TFA)
in water and eluted in a 0±60% linear gradient of
0.10% TFA in acetonitrile, at a flow rate of 1.0
ml/min, during 100 min. Elution was monitored by
absorbance at 220nm [31].

RESULTS AND DISCUSSION
Isolation and characterization of fungi. In
this study, focused on isolation of microfungi from
hypersaline environment and screening of their
ADH activity. For this purpose, microfungi were isolated from Lake Tuz water samples. The microfungi
were identified at genus level according to traditional identification literatures. Totally 38 fungal
isolates determined belonged to nine genera. These
genera and the number of isolates they contain are as
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to dilution of the enzymes during the precipitation
procedures. Although low enzyme concentration in
the dialysate, we observed high ADH and specific
activity in the normal and salt stress condition.

The ADHs have been identified in several eukaryotes and even prokaryotes. In the literature,
ADH enzyme activity with spectrophotometric
method in various organisms were determined as 5.3
U/mg for rice, 3.7 U/mg for oryzicola, 6.8 U/mg pea,
3.2 U/mg for maize, respectively [37]. Many of
ADH enzyme activity studies on fungi are carried
out on the fermentative yeasts. Fernandez et al studied ADH enzyme activity with the different carbon
source in ³flor´ yeast, Saccharomyces cheresiensis
[38]. According to their report, the enzyme activity
was 3.5 U/mg for ethanol and 4.8 U/mg for glycerol
as the carbon source. Particularly these enzymes of
S. cerevisiae have been studied intensively for over
half a century [3]. Although among the eukaryotic
microorganisms S. cerevisiae is most studied for its
salt tolerance it is rather salt sensitive and not able to
adapt to hypersaline conditions [4]. According to our
knowledge in the literature, the screening ADH enzyme activity of halotolerant/halophilic filamentous
fungi has been not observed in a report yet.

Determination of electrophoretic profile.
Multiple protein bands ranging from14.5 to 205 kDa
were observed in the dialysate at under reducing conditions (Figure 1). The strong protein band was observed a molecular weight between 45-55 kDa. Also
another one protein band close to 66 kDa was appeared. Furthermore, 6 different weak protein bands
are observed between 14.5 and 45 kDa. MW on the
gel. ADHs have been widely found in several organisms and also they are known to contain multiple isoenzymes even within the same organism. Previous
studies have reported that A. nidulans ADH isoenzymes show different mobility in polyacrylamide
gel. Hence, different size of peptides on the gel can
be explain with distinct mobility of A. niger ADHs.
On the other hand, weak peptides of the gel can be
explaining as other peptidic components from during
the A. niger metabolic processes.

Salt stress on ADH activity. Another factor
that is effective in selecting A. niger among isolates
is that the cloning studies of the ADH gene region in
putative gene records in the Gene Bank concentrated
on this species. Furthermore, salt stress and protein
profile are also important features because A. niger
is isolated from a hypersaline environment. In the
isolation process, this isolate growth on the medium
containing 30% NaCl. Its specific enzyme activity
was higher than that of most isolates. The activity of
A. niger ADH was investigated in high salt concentration / low water activity conditions. In salt stress,
the enzyme activity decreased by 3.42%, while the
specific activity increased by 4.2%. These values are
indicative of increased activity despite reduced protein content. Thome and Trench reported a similar
case. High specific enzyme activity but low protein
and RNA levels were reported for glycerol-3-phosphate dehydrogenase (NAD+-GPD) in Debaryomyces hansenii. They showed quantitative increases in
NAD+-GPD 30 min after the addition of NaCl to actively growing D. hansenii cells and increases in
GPD±messenger RNA within 15 minutes after the
addition of salt [39]. Many studies constructed on
these purposes with several organisms. Carrieri et al
studied the effects of salt stress on cyanobacteria.
The production of ethanol (34.55 mg/ L) in a high
salt concentration medium (1.24 M NaCl) proved to
be greater (100-fold) compared to a low salt concentration (0.24 M NaCl) [40].

FIGURE 1
Electrophoretic profile of the peptide mixture
from the normal growth Aspergillus niger¶V
dialysate was obtained by 10% SDS-PAGE
under reducing conditions.
Lane 1: the dialysate and lane 2: molecular
weight markers.

Ammonium sulfate precipitation. ADH activities of the A. niger raw extract and dialysate in
normal and salt stress conditions are presented in the
Table 1. Concerning of our results, we found that
ADH precipitated during ammonium sulfate precipitation. Therefore, protein content of the extracts was
identified through a lower extract/dialysate ratio due

Determination of chromatographic profile.
RP-HPLC chromatograms of normal (A) and saltstressed (C) growth A. niger¶V dialyzed and ADH (B)
from S. cerevisiae as a standard given by Fig. 2. Concerning on the chromatogram; retention time of the
major peptides from normal (A) growth A. niger¶V
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stressed conditions and other peptidic components
increased during A. niger¶V metabolic processes.
As a result, halotolerant/halophilic microfungi
were isolated from the water of a hypersaline environment, Lake Tuz and then identified. In this study,
especially the isolates were screened for ADH activity and it was determined that salt concentration positively influenced ADH-specific activity. It was concluded that the selected A. niger strain maintained
and even increased ADH activity in salt stress. It is
thought that each fungal isolate has biotechnological
potential and should be screened for biotechnological products.

dialyzed and ADH standard (B) were determined between 65 to 75 min retention time at 220 nm. Both
chromatograms are similar in shape and this similarity used as a confirmation of ADH content in the dialyzed. On the other hand, salt-stressed dialyzed
peptides (C) not only have major peptides between
65 to 75 min but also have several peptides which
are retention time between 20 to 75 min. Also 3 more
peptides eluted between 80 to 100 min. Earlier studies also reported that yeast extracted ADH was
eluted between 25 to 75 min retention time [31]. We
think that expressions were stimulated due to salt-

TABLE 1
Summary of activation values of ADH from the raw extract and dialysate in the normal and salt stress
conditions.

Raw extract
After dialysis
Salt stress raw extract
Salt stress after dialysis

Absorbance
340nm
0.103
1.246
0.086
0.877

Protein content
mg/ml
32.93
20.20
12.50
11.43

Activity
U/ml
83.00
1002.00
68.00
705.00

Specific activity
U/mg
2.50
49.80
5.40
61.70

FIGURE 2
Normal (A) and salt-stressed (C) growth A. niger¶VGLDO\]HGDQGVWDQGDUG$'+ % ZHUHVHSDUDWHGE\
reverse-phase high performance chromatography.

6529

© by PSP

Volume 26 ± No. 11/2017 pages 6525-6531

Fresenius Environmental Bulletin

[12] Gunde-Cimerman, N., Oren, A. and Plemenitas,
A. (2005) Adaptation to life at high salt
concentrations in Archaea, Bacteria, and
Eukarya, Springer-Verlag. 577 p.
[13] Dengiz, O., Ozcan, H., Koksal, E.S., Baskan, O.
and Kosker, Y. (2010) Sustainable natural
resource management and environmental
assessment in the Salt Lake (Tuz Golu)
Specially Protected Area. Environmental monitoring and assessment 161, 327-342.
[14] Gunde-Cimerman, N., Zalar, P., De Hoog, S.,
and Plemenitas, A. (2000) Hypersaline waters in
salterns-natural ecological niches for halophilic
black yeasts. FEMS microbiology ecology 32,
235-240.
[15] Barnett, H. and Hunter, B. (1999) Illustrated
genera of imperfect fungi. St. Paul: APS, 218 p.
[16] Domsch, K.H., Gams, W., and Anderson, T.H.
(1993) Compendium of soil fungi, Eching, Germany: IHW-Verlag, 1264 p.
[17] Ellis, M. (1971) Dematiaceous Hyphomycetes.
Commonwealth Mycological Institute, Kew,
UK, 608 p.
[18] Klich, M. (2002) Identification of common Aspergillus species.. Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands, 122 p.
[19] Pitt, J., and Hocking, A. (2009) Fungi and food
spoilage, Springer US, 519 p.
[20] Raper, K., and Fennell, D. (1965) The Genus
Aspergillus, 686 pp. The Williams and Wilkins
Comp. Baltimore, USA.
[21] Samson, R.A., Hoekstra, E.S., and Frisvad, J.C.
(2004) Introduction to food-and airborne fungi,
Centraalbureau voor Schimmelcultures (CBS),
389 p.
[22] Graham, G., Mayers, P. and Henry, R. (1994) A
simplified method for the preparation of fungal
genomic DNA for PCR and RAPD analysis.
Biotechniques 16, 48.
[23] White, T., Bruns, T., Lee, S. and Taylor, J.
(1990) Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics.
In: MA Innis, DH Gelfand, JJ Shinsky, TJ White
(eds.), PCR protocols a guide to methods and
applications, Academic Press, San Diego, 315322.
[24] Cove, D. (1966) The induction and repression of
nitrate reductase in the fungus Aspergillus
nidulans. Biochimica et Biophysica Acta
(BBA)-Enzymology and Biological Oxidation
113, 51-56.
[25] Sealy-Lewis, H.M. and Fairhurst, V. (1995)
Substrate specificity of nine NAD+-dependent
alcohol dehydrogenases in Aspergillus
nidulans. Microbiology 141, 2295-2300.
[26] Vicente-Soler, J., Arguelles, J. and Gacto, M.
(1991) Proteolytic activation of Į Į-trehalose 6phosphate synthase in Candida utilis. FEMS
Microbiology Letters 82, 157-161.

ACKNOWLEDGEMENTS
This study was supported by Grant from the
Eskisehir Osmangazi University Project No.
2011719017

REFERENCES
[1] Reid, M.F. and Fewson, C.A. (1994) Molecular
characterization of microbial alcohol dehydrogenases. Critical Reviews in Microbiology 20,
13-56.
[2] Goldberg, K., Schroer, K., Lütz, S., and Liese,
A. (2007) Biocatalytic ketone reduction²a
powerful tool for the production of chiral alcohols²part II: whole-cell reductions. Applied
Microbiology and Biotechnology 76, 249-255.
[3] De Smidt, O., Du Preez, J.C., and Albertyn, J.
(2008) The alcohol dehydrogenases of
Saccharomyces cerevisiae: a comprehensive
review. FEMS Yeast Research 8, 967-978.
[4] Gunde-Cimerman, N., Ramos, J. and Plemenitas, A. (2009) Halotolerant and halophilic fungi.
Mycological Research 113, 1231-1241.
[5] Gostincar, C., Gunde-Cimerman, N., and Turk,
M. (2012) Genetic resources of extremotolerant
fungi: A method for identification of genes
conferring stress tolerance. Bioresource
Technology 111, 360-367.
[6] Butinar, L., Zalar, P., Frisvad, J.C., and GundeCimerman, N. (2005) The genus Eurotium members of indigenous fungal community in
hypersaline waters of salterns. FEMS Microbiology Ecology 51, 155-166.
[7] Zalar, P., De Hoog, G., Schroers, H.-J., Crous,
P., Groenewald, J. Z., and Gunde-Cimerman, N.
(2007) Phylogeny and ecology of the ubiquitous
saprobe Cladosporium sphaerospermum, with
descriptions of seven new species from hypersaline environments. Studies in Mycology 58,
157-183.
[8] Butinar, L., Frisvad, J.C. and Gunde-Cimerman,
N. (2011) Hypersaline waters ± a potential
source of foodborne toxigenic aspergilli and
penicillia. FEMS Microbiology Ecology 77,
186-199.
[9] Cantrell, S.A., Gunde-Cimerman, N., Zalar, P.,
Acevedo, M. and Baez-Felix, C. (2013) Fungal
communities of young and mature hypersaline
microbial mats. Mycologia, 105 (4), 827±836.
[10] Buchalo, A., Nevo, E., Wasser, S., Oren, A. and
Molitoris, H. (1998) Fungal life in the extremely
hypersaline water of the Dead Sea: first records.
Proceedings of the Royal Society B: Biological
Sciences 265, 1461.
[11] Kushner, D.J. (1978) Life in high salt and solute
concentrations. In: D.J. Kushner (ed.), Microbial Life in Extreme Environments. Academic
Press, London, pp. 317-368.

6530

© by PSP

Volume 26 ± No. 11/2017 pages 6525-6531

Fresenius Environmental Bulletin

[36] Schuster, E., Dunn-Coleman, N., Frisvad, J. and
van Dijck, P. (2002) On the safety of
Aspergillus niger - a review. Applied Microbiology and Biotechnology 59, 426-435.
[37] Cobb B.G. and Kennedy R.A. (1987)
Distribution of alcohol dehydrogenase in roots
and shoots of rice (Oryza sativa) and Echinochloa seedlings. Plant, Cell and Environment
10, 633±638.
[38] Fernandez, M. J., Gomez-Moreno, C., and RuizAmil, M. (1972) Induction of isoenzymes of
alcohol dehydrogenase in ³IORU´ yeast. Archives
of Microbiology 84, 153-160.
[39] Thome, P.E. and Trench, R.K. (1999)
Osmoregulation and the genetic induction of
glycerol-3-phosphate dehydrogenase by NaCl
in the euryhaline yeast Debaryomyces hansenii.
Marine Biotechnology 1, 230-238.
[40] Carrieri, D., Momot, D., Brasg, I.A., Ananyev,
G., Lenz, O., Bryant, D.A. and Dismukes, G.C.
(2010) Boosting autofermentation rates and
product yields with sodium stress cycling:
application to production of renewable fuels by
cyanobacteria. Applied and Environmental
Microbiology 76, 6455-6462.

[27] Jelski, W., Chrostek, L. and Szmitkowski, M.
(2007) The activity of class I, III, and IV of
alcohol dehydrogenase isoenzymes and
aldehyde dehydrogenase in gastric cancer.
Digestive Diseases and Sciences 52, 531-535.
[28] Bradford, M. (1976) A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Analytical Biochemistry
72, 248-254.
[29] Madhusudhan, M.C., Raghavarao, K.S.M.S.
and Nene, S. (2008) Integrated process for
extraction and purification of alcohol
dehydrogenase from Baker's yeast involving
precipitation and aqueous two phase extraction.
Biochemical Engineering Journal 38, 414-420.
[30] Laemmli, U. (1970) Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680-685.
[31] Santhoshkumar, P. and Sharma, K.K. (2002)
Identification of a region in alcohol dehydrogenase that binds to Į-crystallin during
chaperone action. Biochimica et Biophysica
Acta (BBA) - Proteins and Proteomics 1598,
115-121.
[32] Nazareth, S.W. and Gonsalves, V. (2014)
Halophilic Aspergillus penicillioides from
athalassohaline, thalassohaline, and polyhaline
environments. Frontiers in Microbiology 5, 412.
[33] Cantrell, S., Casillas-Martinez, L. and Molina,
M. (2006) Characterization of fungi from
hypersaline environments of solar salterns using
morphological and molecular techniques.
Mycological Research 110, 962-970.
[34] Cuomo, V., Jones, E.B.G. and Grasso, S. (1988)
Occurrence and distribution of marine fungi
along the coast of the mediterranean sea.
Progress in Oceanography 21, 189-200.
[35] van Dijck, P.W.M., Selten, G.C.M. and
Hempenius, R.A. (2003) On the safety of a new
generation of DSM Aspergillus niger enzyme
production strains. Regulatory Toxicology and
Pharmacology 38, 27-35.

Received:
Accepted:

26.02.2017
14.08.2017

CORRESPONDING AUTHOR
Bukay Yenice Gursu
Eskisehir Osmangazi University,
Graduate School of Natural and Applied Sciences,
Biology Program,
26480, Eskisehir ± TURKEY
E-mail: bgursu@ogu.edu.tr

6531

Volume 26 ± No. 11/2017 pages 6532-6542

© by PSP

Fresenius Environmental Bulletin



AN EXPERIMENTAL INVESTIGATION ON THE EFFECTS
OF THE SHAPE OF THE CROSS SECTION IN MORNING
GLORY SPILLWAYS
Mohsen Shirali1,2, Amir Abbas Kamanbedast2,*, Alireza Masjedi2, Amin Bordbar2,
Mohammad Heidarnejad2
1

Department of Water Science and Engineering, Khouzestan Science and Research Branch, Islamic Azad University, Ahvaz, Iran.
2
Department of Water Science and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.

pressure, cavitation occurs in as such that these spillways are considered among the foremost spillways.
7KHFDYLWDWLRQLQGH[ ı DQGWKHIORZYHORFLW\
(V), in addition to the surface resistance of the materials used(S), length of operation (t) and the amount
of aerated flow (c) are among the most important factors in determining the extent of damage created by
cavitation on the spillways. The basis for calculating
the extent of damage is done so by the obtaining of a
value greater than the critical cavitation value itself.
$QRUPDOVWDWH ı LVGHILQHGDVEHORZ
ɐ ൌ భబିమೇ ሺͳሻ

ABSTRACT
In this study, experiments on two physical
models of a morning glory spillway, one with a bell
shaped opening, another with a modern square
shaped opening, were developed to measure the hydraulic flow, its effect on pressure changes and the
discharge coefficient. The extent of cavitation on
both spillways types at various flow rates and the extent of damage and hazard at specified points on the
crest of the spillway were measured, and the critical
points on the spillways identified. The effects of
flow rates and pressure along various vertical cross
sections of the spillway shaft were evaluated and the
probability for cavitation occurring was analyzed as
per the obtained cavitation index. The graph shows
measured pressure at various points on both spillways based on a non-dimensional Froude number.
By changing the shape of the cross section, its direct
effect on the amount of pressure and cavitation indices; in as such that with the change in the form of the
upper cross section from a bell shaped form to a
square shape at a specific flow rate and specific
points, the pressure increased while the extent of
cavitation decreased; moreover, with the increase in
flow rate the amount of pressure increased.

మ

ఘ

In the following equation P0 is the local pressure applied at a specific point, PV is the vapor presVXUH 9 LV WKH ORFDO YHORFLW\ DQG ȡ  LV WKH VSHFLILF
liquid mass. Fig. 1.

KEYWORDS:
Morning glory spillway, spillway discharge coefficient;
changes in pressure, circulation number, cavitation, pressure, discharge

FIGURE 1
The linear design of cavitation occurrence
In order to decrease the extent of damage
caused by cavitation, a number of methods exist.
Changing the geometry of the profile and cross section of the inlet are among the primary actions taken.
Should they not prove to be effective, other methods
such as polishing the concrete surface or using resin
based materials could be applied which diminish the
eroding of the concrete surface to a great extent.
However, the most effective means of decreasing or
preventing the potential for cavitation is aeration.
Studies have shown that if the density of the air in
the flow is 8% or more, then the irregularities of the
surface will not cause cavitation. An important parameter which indicates cavitation is the cavitation
index. Based on the studies carried out by USBR, if

INTRODUCTION
Morning glory spillways have three definite
sections: the cup shaped inlet funnel, the vertical
shaft which is attached to a 90° curve known as the
bend, and a relatively horizontal tunnel. The morning glory spillway is often used in low to moderate
volume reservoirs and is designed for the routing of
a 1000 year flood. The design control is for a 10,000
year return period. Due to the speed and the high elevation of the flow, which results into a decrease in
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the cavitation index is more than 0.2, cavitation will
not occur; yet if the cavitation index is less than 0.2
then the probability of cavitation occurring is higher.
Based on the same studies, if the cavitation value is
between 0.2 and 0.1, then the application of methods
such as aeration is essential in preventing cavitation.
If the cavitation indices is below 0.1, the spillway
must be redesigned.
The design of the morning glory spillway can
be done on the basis of controlling of the crown, the
controlling of the throat and the controlling of the
tunnel. In the controlling of the crown, the flow is
allowed to pass freely. In the controlling of the
throat, a semi-submerged flow is used and in the controlling of the tunnel, a submerged flow is used.
Morning glory spillways, when compared with Ogee
spillways, at similar heads and lengths, have a lower
flow coefficient. This is due to the bell shape of the
morning glory spillway which results into the compression of the linear flow and a decrease in energy.
The relationship among the flow in morning glory
spillways is as follows: [19]:

(

Q

C d LH 2
C 2 g LH

3

(4)

By dividing the values on both sides of (3) by

D

5
2
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Background of the Study. Bagheri, et al. [5]
in their study, constructed physical hydraulic models
of morning glory spillways to investigate the effect
of using polyhedral spillway crests on the intensity
of the discharge passing through the spillway and on
the morning glory spillway discharge coefficient, by
carrying out various experiments on this type of
spillways. They concluded that using polyhedral
spillway crests increases discharge coefficients and
that the biggest increase in discharge coefficients of
morning glory spillways happens when spillway
crests are trihedral and at the same depth of submergence, discharge coefficients of spillways with polyhedral crests are higher than those for spillways with
circular crests. Nohani, et al. [19] in their research,
constructed a physical model of the morning glory
spillway and conducted laboratory experiments to
investigate the effect of the number and thickness of
whirlpool-break blades on the discharge coefficient
of the morning glory spillway. They concluded that
the joint effects of an increase in the number and in
the thickness of the blades will increase the discharge capacity of the morning glory spillway. In a
extensively investigated the altering of the exterior
of morning glory spillways and have designed both
baffled and toothed morning glory spillways, furthermore, the researchers have provided formulas
for the submerged and hydraulic flow in these spillways[24,6]. If the morning glory spillway is submerged, the flow rate will be 1.34 more than the free
flow rate and if aeration is not done a turbulent flow
will develop from the opening of the spillway into
the tunnel [7]. vortex is divide into two parts; the
central part, which resembles a rotating cross, is relatively small and has a high viscosity, and the second
part has a lower viscosity (hence due to its lower viscosity it rotates around the high pressure vortex). In
the center of the vortex, the liquid rotates in such a
way that the juxtaposed speed inherent within it develops into a linear flow which changes with diameter [21]. By using a physical modeling investigated
the flow discharge coefficient in morning glory spillways and obtained positive results using anti-vortex
radial vanes [2]. Also Researchers developed an experimental model consisting of a headrace channel
and investigated the effects of length and wall clearance from the center of the morning glory spillway
(with a vertical inlet) on the force of the vortex (circulation value) and the discharge coefficient of the
morning glory spillway. The effect of air entry on the
inlet of the spillway was then investigated in several

(3)

C 2 g kDH 2

2g

to facilitate calculations.

In this equation Q= the flow passing over the
morning glory spillway, Cd = the discharge coefficient of the Morning glory spillway, L= the length of
the morning glory spillway, H= the head of water on
the spillway and C= the discharge coefficient of the
spillway without dimensions. Actually, the practical
method for calculating the spillway flow rate is
through equation (2). Since ඥʹ݃  reflects a set
value, along with parameter C, it is described as Cd.
The length of the spillway for bell shaped morning
JORU\VSLOOZD\VLVʌ'LQZKLFK'LVWKHGLDPHWHURI
the spillway. The parameter k is introduced as the coefficient of D, thus the length of the spillway will be
kD in which k in bell shaped morning glory spillways
ZLOOEHHTXDOWRʌKHQFH
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) lack dimension. In order to plot the graph
D
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of the reservoir against the pressure of the water,
steel rods were used. In order to have water enter the
model slowly and from all areas, a 10 x 10 cm closed
channel was used and installed near the perforated
metal sheeted walls of the dam model. The water
passed through the perforations along the length of
the structure and entered the model evenly and
slowly. This was then transferred using a centrifugal
pump from the reservoir into the model. A control
valve was installed on the outlet pipe of the pump in
order to control the amount of water entering the
model, in addition a digital counter was used to show
the flow rate. This aided in the accurate reading of
the amount of flow passing through with minimum
error. Once the elevation of the water in the reservoir
reaches the height of the spillway, it overtops and is
carried via the discharge tube back to the reservoir.
Figure (2,3) shows the schematic drawing of the experimental model:

experiments and it was evident that the force of the
vortex (the circulation value) and the flow rate of
morning glory spillways have an inverse relationship. In other words, with the increase in the circulation value, the flow rate will decrease. With the increase in the ratio of B/R (B is the length and R is the
distance from the wall to the center of the morning
glory spillway) the force of the vortex decreases and
as a result the discharge coefficient increases. It was
evident that the best results are obtained (B/R). In
this case, the spillway will have the least circulation
value and the highest flow rate. In this range any variation in B or R will not affect the results. Air entry
at the inlet of the vertical shaft in morning glory
spillways will have an adverse effect on the rate of
flow in the vertical shaft [17]. With the increase in
the angle of the anti-vortex radial vanes on the sill of
the morning glory spillway, the discharge coefficient
and therefore the efficiency rate of the outflow, will
increase. It was also discovered that by installing
four anti-vortex radial vanes on the sill of the morning glory spillway at a 90° angle an optimum discharge coefficient is obtained [16]. Garibvand et
al.[13] showed that the discharge coefficient in the
PK weir increased by about 30%, relative to trapezoidal labyrinth weir. Rostami, H. et al. [22] investigate labyrinth spillways and showed that increasing
the weir hydraulic head ratio (Hd/P) would decrease
the discharge coefficient (Cd). Rouzegar, J. et al.
[23] find out that the increase in length of spillway
and number of zigzag will increase the flow rate.
Kamanbedast, A.A. [15] Investigate of Discharge
Coefficient for the Morning Glory Spillway Using
Artificial Neural Network. Abbasi S, and kamanbedast, A.A. [1], investigated the effect of changes in
dimension and the hydraulics of stepped spillways
for maximization of energy dissipation. They were
among the first researchers to use flow3D to obtain
a solution based on the method for the flow analysis
of stepped spillways. Zeraat, et al[26] shows the discharge coefficient in the double-cycle weir was considerably greater than that in the single-cycle weir,
with the Cd in the former being 57% greater than that
in the latter under the most favorable conditions.

FIGURE 2
Schematic drawing of the reservoir

FIGURE 3
Intake from main flume in the Hydraulic Laboratory for the morning glory physical model

Methodology. In order to verify the hypothesis
raised in this research, experiments had to be performed, thus a physical model was constructed in the
hydraulic laboratory of the Khuzestan Water and
Power Training and Higher Education Centre and
the necessary experiments implemented. The scaled
model included a model of the dam, the reservoir, a
pump and water conveyance system, and control
equipment, in addition to a model of the spillway and
discharge tube. The model of the dam was a rectangular sheet with a height and length of 50 x 100 respectively, having a metal bottom and 3 abutments
(using galvanized sheets) each with a thickness of 2
mm. A 10 mm glass panel was installed on one side.
In order to be able to stabilize the bottom and sides

In this study, bell shaped and square formed
morning glory spillways were used. The polyethylene model of the bell shaped morning glory spillway was scaled at 1: 140 based on the Whisky Town
morning glory spillway in California, ( 40°
¶´1´´: ZKLch was 18 cm high
and had a diameter of 20 cm. The square shaped
morning glory spillway was of the same material and
height. A total of 56 experiments were carried out
with a flow rate ranging from 25 to 350 l/s on both
types of spillways (figure 4). The various values of
the flow rate (Q) and the elevation of the water on
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which was installed along the tube (figure 2) and enter the model reservoir where it would, after reaching
WKHQHFHVVDU\HOHYDWLRQRYHUIORZLQWRWKHVSLOOZD\¶V
opening (figure 3). Once the flow characteristics staELOL]HGWKHZDWHU¶VHOHYDWLRQZDVPHDVXUHGIURPLWV
surface to the dam crest and recorded, thus the initial
point on the flow-elevation linear graph for the bell
shaped morning glory spillway was obtained. By increasing the amount of the flow, 27 different elevations were obtained and the flow rate was measured
using the digital flow meter, and the various points
plotted along the linear graph for the bell shaped
morning glory spillway. In the next stage, the square
shaped morning glory spillway was installed and 29
different elevations were applied. The flow rate was
measured for each elevation, subsequently the flowelevation linear graph was developed for this type of
morning glory spillway. The hypothesis that the
pressure of water on the surface and near the inlet of
the spillway is zero was applied to measure the pressure. Various piezometer tubes which had been installed at different elevations were transferred to the
piezometer panel and the pressure and elevation of
the water was recorded.

the spillway (H) were obtained.

FIGURE 4
The physical models constructed for the morning glory spillway
In order to investigate the effect of the shape of
the cross-section upon the rate of the passing flow
and the discharge coefficient of the spillway, in addition to the changes in pressure, 56 experiments
were carried out in two phases. In this research, the
primary experiments were carried out using bell
shaped morning glory spillways; in as such that initially, the bell shaped morning glory spillway was
installed and then the pump was switched on. The
water would pass through the digital flow meter

FIGURE 5
Changes in the discharge coefficient at various submergence ratios for both
square shaped and bell shaped morning glory spillways

FIGURE 6
Changes in the discharge coefficient as compared to the circulation value for both
square shaped and bell shaped morning glory spillways
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show that the square shaped morning glory
spillway has a greater effect on the decreasing of the
vortex and the increasing of the discharge coefficient
if the submergence ratio is stable. The square shaped
morning glory spillway had the least circulation
value and the highest flow rate. Since in this type of
spillway the vortex which is created and the circulation value are low, and the cross sectional area of the
square shaped morning glory spillways is greater
than other types of morning glory spillways; as a
general rule it can be stated that at a specified elevation, a square shaped morning glory spillway can
pass a larger flow rate without the risk of being submerged or being subjected to potential dangers of being submerged. Also Comparison of changes in discharge coefficient and pressure (hp) as compared to
various Froude number for both square shaped and
bell shaped morning glory spillways shows in fig810.

RESULTS AND DISCUSSION
Based on the experimental data obtained, the
discharge coefficient for each experiment was calculated and the flow rate-elevation, in addition to the
changes in the submergence ratio (H/D) as opposed
to the discharge coefficient of the spillway (C d) at
various elevations, was plotted and a final comparative liner graph was obtained. As seen in figure (5)
the trend of changes obtained from the variations in
the submergence ratio, in comparison to the discharge coefficient of the spillway, showed a declining curve within the area of the experiments, and
with the increase in the submergence ratio, a decrease in the discharge coefficient was observed. The
increase in the submergence ratio results in a decrease in the efficiency of the morning glory spillway. The comparative linear graphs (figures 6 and 7)



FIGURE 7
Changes in discharge coefficient as compared to various Froude number for both Square
shaped and bell shaped morning glory spillways

FIGURE 8
Comparison of changes in discharge coefficient as compared to various Froude number
for both square shaped and bell shaped morning glory spillways
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FIGURE 9
Changes in pressure as compared to the Froude number for both square shaped and
bell shaped morning glory spillways

FIGURE 10
Comparison of changes in discharge coefficient as compared to various Froude number for both square
shaped and bell shaped morning glory spillways
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FIGURE 11
Changes in pressure as compared to cavitation for both square and bell shaped morning glory spillways

FIGURE 12
The non-dimensional graph for the inflow (flow rate) as compared to the
submergence depth (flow rate- elevation)
spillway will be able to pass a larger volume of flow
As seen in figure 11, the conditions of the flow
before being submerged. Also Comparison of H/D
for square shaped morning glory spillways is better
and pressure (hp) as compared to various submergthan that of bell shaped morning glory spillways.
ence depth for both square shaped and bell shaped
More specifically, with a specific inflow, a lower elmorning glory spillways shows in fig12, 13.
evation of water will be on the spillway, and the

FIGURE 13
Changes in the pressure upon both square and bell shaped morning glory spillway structures
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FIGURE 14
Comparison of results for pressure upon both square and bell shaped morning glory spillway structures
points. However, at the end of the bend, the elevation
of the water -as an indicator of pressure- tended to
decrease due to the expanded geometry of the outlet.
A review of result shows that with the variations in
the surface of the cross section, the amount of the
pressure upon the bottom of the bend also varies, in
as such that with the change in the shape of the inlet
from a bell shape to a square shape, the pressure imposed increases. With the increase in the flow rate,
especially the flow rate after submergence, in which
the bend was filled with water, the pressure from the
weight of the water upon the bottom of the bend increased and larger dynamic forces were imposed on
it. This was reflected in the fact that in the square
shaped morning glory spillway, after the submerging
of the bend at a flow rate of 20.5 cubic meters per
hour onwards, the pressure recorded by the intermediate piezometers was 20 cm per elevation of the water. With the submerging of the bend and the reduction of the flow, the difference between the forefront
and tail end of the pressure was decreased.

Obtained Parameters for the Investigating
of Cavitation. The data obtained from the ten installed piezometers in the study was used to investigate the important and effective parameters related
to cavitation such as the speed, pressure and cavitation value.
Parameter Related to Pressure. Since pressure is one of the effective and important parameters
in the investigating of cavitation, in order to determine the effect of the cross±section (bell shaped or
square) on the extent of pressure being imposed on
the spillway in the current study, the inflow was calculated for different values. Fig 14.
As seen in figure 14, the elevation rate is an indicator of pressure at various flow rates throughout
the study. In the initial and final piezometers, the
pressure recorded was less than that recorded by the
intermediate piezometers. In the bend, the inflow
had a greater dynamic force upon the bottom of the
elbow, and because of the centrifugal force, the flow
had a greater amount of contact with the central
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FIGURE 15
The liner graph for the speed in both bell shaped and square shaped morning glory
spillways at various flow rates

was 13.7 and 15.03 which is high in as such that at
point 6 the speed of the flow exceeded 3 cm/s. The
most important reason is the turbulence characteristic of the flow and the severity of the turbulent flow,
along with the contact of the flow with the measuring
point as the flow enters the bend. Fig 15,16.

FIGURE 16
A comparison of the speed in both bell shaped
and square shaped morning glory spillways at
various flow rates
Parameter Related to Speed. In the current
study, the results for the speed of water was calculated at various flow rates for both types of morning
glory spillways. As seen in the graphs, the speed recorded at points 4.5 and 6 for flow rates of 20, 29.5
and 20.5 cubic meters per hour respectively was 2.83 cm/s. The flow rate at points 5 and 6 respectively,

FIGURE 17
Comparison of the cavitation value at various
points for both square and bell shaped morning
glory spillways
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Cavitation Value. With due regards to the calculation in (1) and based on the speed and pressure
on the surface of both bell shaped and square shaped
spillways at various points, the cavitation indices
were calculated. The pressure of the water vapor was
estimated at 25° Celsius, to be equal to 2870 Pascal's,
and the water density equal to 998 kg/m3. Fig 17.
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1

and the capacity used during their construction was
1936.75 MW up to June 2015 [5]. According to 2013
data from the Ministry of Energy and Natural Resources, Turkey supplied 4% of its energy demand
from wind power plants in 2012. According to the
mid-year report of the World Wind Energy AssociaWLRQ>@ZLQGSRZHUSODQWVVXSSO\RIWKHZRUOG¶V
power demand with 336,237 MW installed power. In
WKLVUHVSHFW7XUNH\¶VZLQGHQHUJ\PDUNHWLVVLPLODU
to that of the global wind energy market. Besides the
economic and political issues surrounding wind energy, the interactions between wind power plants and
nature has also been an academic debate.
In addition to the positive aspects of wind energy, a number of studies have been conducted on
the effects of wind power plants (during both construction and operation) on birds and bats [7, 8, 9,
10]. In fact, wind turbines can cause bird and bat fatalities. There are four adverse effects of turbines on
birds. These effects include: (1) collision; (2) displacement; (3) barrier effects; and (4) habitat loss
[7].
Wind turbines pose a high collision risk to
some globally threatened large bird species, such as
the griffon vulture Gyps fulvus [11], greater whitetailed eagle Haliaeetus albicilla [12], red kite Milvus
milvus [13], golden eagle Aquila chrysaetos [14] and
greater white-fronted goose Anser albifrons [15]. In
addition, wind turbines exert adverse effects on some
passerines (Passeriformes), including that of habitat
loss and barrier effects [16]. De Lucas et al. [16] reported that bird mortality caused by wind turbines is
not related to the abundance of bird species within a
given area, but to species-specific behavior and topography. On the other hand, Smallwood [18] reported that since 2010, there has been an increase in
the number of bird fatalities caused by wind turbines.
Research at the Strait of Gibraltar has shown that
bird fatalities caused by wind turbines have been
quite low in contrast to those caused by dense migratory movements [11]. Whitfield and Madders [19]
found a positive correlation between bird mortality
rate caused by wind turbines and wind power plant
construction. However, Erickson et al. [20] pointed
out that bird mortality caused by motor vehicles,
highways, and electric power transmission lines are
higher than that caused by wind turbines.

ABSTRACT
The present study aims to examine several aspects of the interaction between wind farms and
birds in Turkey. Between 2010 and 2014, we conducted surveys at three wind farms in three Turkish
provinces with the highest wind speed capacity. The
total installed power capacity at the farms was 78
MW on 30 turbines. We assessed carcass persistence
rates, bird fatality rates (FA), and bird fatalities
around turbines. The carcass detection surveys
yielded 27 bird fatalities, comprising 12 non-passerines and 15 passerines. There were 20,154 flights
recorded within 0±500 m of all turbines. We used fatality estimation methods to derive an FA of 1.32
birds/turbine/year for all study areas. Moreover, the
FA for small, medium, and large birds was 0.62, 0.52,
and 0.16 birds/turbine/year, respectively. The results
revealed that there was a negative relationship (rs = 0.444, p = 0.034) between the flight frequency of
birds within 0±500 m of the wind turbines and bird
mortality. The number of individuals, flight frequency, and abundance of species were not among
the direct causes of bird fatalities within the study
areas.

KEYWORDS:
ELUGFDUFDVVHVZLQGSRZHUSODQWV+DWD\øVWDQEXOdDQDN
kale, collision risk.

INTRODUCTION
Owing to the diminishing supplies of fossil resources, evidence of their negative effects on the environment, and increasing power costs, governments
have been led to wind energy, which has been regarded as an environmentally friendly and renewable
energy resource [1]. The 2013 data of the Ministry
RI (QHUJ\ LQGLFDWHV WKDW 7XUNH\¶V WRWDO HQHUJ\ GH
mand is increasing by 6% per year [2]. The total
wind energy capacity of Turkey (83,000 MW) [3] is
highly significant. The first modern wind power
plant in Turkey ZDV FRQVWUXFWHG LQ ø]PLU LQ 
with a power supply of 55 kW [4]. The total installed
power of wind power plants in Turkey is 4192.8 MW
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FIGURE 1
Locations of study areas in Turkey (black triangles) and average wind speed (m/s) in each
Universal Transverse Mercator (UTM) square 50 m above ground level
most important bird migration flyways of the Western Palearctic sub-region that is frequently used by
migratory soaring bird species, such as storks Ciconia sp., eagles Aquila sp., and hawks Buteo sp. during their migrations between Europe and Africa [21,
25].

In 2012, Turkey supplied 4% of its total energy
demand from wind energy [2] and this figure is estimated to increase to 6% in 2015 (unofficial data). In
this respect, the increasing use of wind power in the
total energy budget might theoretically cause a corresponding increase in bird mortality rates.
Even though the first wind turbines were constructed in 1984 and their numbers have been increasing, their effects on resident and migratory
birds of Turkey, in which important migration flyways are located, have not been investigated in depth
[21]. When the wind energy capacity [5] and rich
avifauna of Turkey [22] are taken into consideration,
the importance of investigating the effects of wind
turbines on birds becomes evident. The present study
aims to determine the effects of wind power plants
on bird mortality rates and the reasons underlying
this phenomenon.

Methods. We conducted monitoring studies
between 2010 and 2011 in Çanakkale; between 2011
DQGLQøVWDQEXODQGEHWZHHQDQGLQ
Hatay. Over a four-year period, we conducted 90
studies that lasted 180 d. Gauthreaux [26] suggested
that carcass searches should be carried out in areas
around wind turbines with a minimum radius that is
determined by the height of the turbine. Thus, in the
present study we conducted carcass searches within
a 100 m radius of each turbine. We identified species, sex, and age of the carcasses via reference to
the Collins Bird Guide [27] and a photographic guide
[28]. We recorded the condition of the carcasses (e.g.
freshness), distance from the nearest turbine, and
their respective locations [29]. Of the carcasses collected, we processed the ones in good condition for
further use as study samples and destroyed those in
bad condition.

MATERIALS AND METHODS
Study Area. Research areas selected for monitoring were wind power plants installed in ÇanakNDOH øVWDQEXO DQG +DWD\ WKDW DUH FKDUDFWHUL]HG E\
the highest wind power capacity in Turkey [23] (Figure 1). Data was obtained from approximately 30
turbines with a total power of 78 MW: 13 turbines in
Çanakkale (39 MW); five turbines in Hatay (15
0:  DQG  WXUELQHV LQ øVWDQEXO  0:  :LQG
turbines were constructed predominantly among
black pine Pinus nigra, olive trees Olea europaea,
and other partially cultivated areas in Çanakkale and
+DWD\7KHUHVHDUFKDUHDLQøVWDQEXOZDVLQDPL[HG
forest that comprised predominantly oak Quercus
sp., beech Fagus sp., and black pine. An area within
each wind power plant with a radius of approximately 100±150 m from each wind turbine was deforested and covered with lightly colored pebbles.
+DWD\ DQG øVWDQEXO DUH ORFDWHG LQ RQH RI WKH

Carcass Removal Trials. The mean persistence time (MPT) is one of the most important parameters in estimations of bird fatality rates. Persistence time for a carcass may vary by size of the birds
[30]. In this context, 35 carcasses categorized as
small (n = 10), medium (n = 12), and large (n = 13)
were used to determine carcass persistence rates in
the scavenger removal trials of each study area. Two
carcass removal trials were conducted for Çanakkale
and Hatay. A parametric accelerated failure time
model was selected among logarithmic, Weibull,
log-logistic, and log-normal models, according to
Akaike Information Criterion (AIC) values [30]. The
results of the models were used to calculate the daily
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flights were counted by direct observation
over 1,800 h [29]. Observations were carried out in
15 observation stations for 120 h per station, and 600
h per area. The area within 0±500 m of the turbines
ZDVGHILQHGDVD³GDQJHURXV]RQH´IRUELUGV0RUH
over, interactions between bird species and the turbines within the dangerous zone were grouped into
one of three categories: far, close, and risky close.
Birds flying within 300±500 m of the turbines were
FDWHJRUL]HG DV ³IDU´ WKRVH ZLWKLQ ±300 m, as
³FORVH´DQGWKose within 0±PDV³ULVN\FORVH´
We measured the distances between birds and turbines using a laser rangefinder. Seven bird species
(listed in Table 1) were selected as target species because of their high migration density over the research areas [21, 25]. We generated a risk index formula to easily compare the risk status of species flying over the dangerous zone. The risk index (Dr) for
three categories within the dangerous zone was calculated by dividing the total number of flights (Fn)
by the total number of observations within the same
zone (To) and subtracting that figure from 1. The ratio obtained was on a scale between 0 and 1. Evaluation by this scale suggested the following: 0 (higher
ULVN Dr  ORZHUULVN 7KHGHJUHHRILQWHUDFWLRQ
between the observed species and the turbines was
determined with the aid of the risk index formula.
The risk index was calculated for the target species
and for the birds that were found as fatalities. SpearPDQ¶V5KRZDVXVHGWRGHWHUPLQHWKHFRUUHODWLRQFR
efficient. The Kruskal-Wallis test was applied to analyze any statistically significant differences between death, number of flight, bird size, and groups
of bird. In addition, the Mann-Whitney U test was
used to investigate the differences between the number of fatalities and the research areas.
ܨ
ܦ  ൌ ͳ െ  
ܶ


RESULTS

endurance of carcasses by size. Carcasses of different sizes in the scavenger removal trial were those of
birds that had died because of car crashes, etc. We
kept these carcasses in a freezer until further analysis, according to the methods outlined in a previous
study [31]. We then calculated the carcass persistence rate for all areas, by evaluating the data from
the field. We used the following equation to calculate the average cumulative carcass persistence and
disappearance time of the carcasses [30]. The following functions are exponential, Weibull, and log ±
normal, respectively:
ܵ ሺݐሻ ൌ  ሾെ ሺ  ݐെ Ɋ െ ݔᇱ ߙሿ
  ݐെ Ɋ െ  ݔᇱ ߙ
ቇ
ܵ ሺݐሻ ൌ  ቈȂ  ቆ
ߪ
  ݐെ Ɋ െ  ݔᇱ ߙ

ܵ ሺݐሻ ൌ ͳ െ ߶ ቈ
ߪ
The mean persistence time (Si (t)) represents the
length of time taken for the removal of the i-th carcass by scavengers; x¶i represents the vector of coYDULDWHVDQGDQGıUHSUHVHQWWKHLQWHUFHSWDQGVFDOH
parameter, respectively. We evaluated all carcass
persistence trials conducted in the field collectively
for birds of each category (small, medium, and
large).
Searcher Detection. The carcasses and all foreign objects around the turbines could have been easily detected, because the study areas surrounding the
turbines (within approximately 0±100 m) were deforested and covered with yellow or white pebbles.
These features increased the rate of carcass detectability over the surface of the study area. In contrast,
errors of search detection caused by researchers and
field vegetation were minimized because of the design of the carcass detection studies. Although the
margin of error due to searchers was minimal, the
searcher detection rate (p) was calculated for each
bird size evaluated using the Bio3 web-based software - Wildlife Fatality Estimator, according to the
methods outlined by Korner-Nievergelt et al. [32].

Among 18 species, 27 bird fatalities were detected over four years in the vicinity of 30 turbines
on three wind farms. Fatalities were as follows: four
large birds (14.81%) from three species; 10 medium
(37.03%), from four species; and 13 small birds
(48.14%) from 11 species (Table 1). The number of
fatalities differed significantly by bird size according
to the Kruskal-:DOOLV WHVW Ȥ2 = 7.195; df = 2; p =
0.027). Passerines comprised 55.55% of the total
number of carcasses and all others (44.45%) were
non-passerines. No significant differences were
noted in the number of fatalities by group (non-passerines vs. passerines) (U = 52,000; p > 0.05). No
bird fatalities were observed in the vicinity of 15 turbines during the surveys.

Estimation of Fatalities (F). The Bio3 software [33] was used to estimate the number of fatalities in accordance with the methods of Huso [34] described below. The letters F, I, C, t, and p, represent
the estimated fatality, search intervals (days 7, 14,
21, and 28 of the study), observed fatality, mean persistence time, and searcher efficiency factor, respectively. Fatalities were calculated separately (for each
study area) and in combination (for all study areas)
by bird size. FC, FI, FH, FA, represented the estimated
IDWDOLW\UDWHVIRUdDQDNNDOHøVWDQEXO+DWD\DQGDOO
areas combined, respectively.
ூൗ

ܰ ݁ ܥܫ௧መҧ െ ͳ   Ƹ
ܨ ൌ 
ቌ
ቍ
ூൗ
ҧ
݊ݐመ 
݁ ௧መҧ െ ͳ
Utilization Rate and Risk Index. To determine the utilization rate within the study areas, bird
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TABLE 1
Number of carcasses by species and number of flights by risk zone and risk index were obtained in a
survey between 2010 and 2014 in the vicinity of 30 turbines (L: Large, M: Medium, S: Small)
Number of flights (Fn)
0±150
m

150±300
m

300±500
m

150
m

300
m

500
m

Total no.
of observations
(To)

L

694

1250

1510

0.80

0.64

0.56

3454

0

L

428

749

980

0.80

0.65

0.55

2157

0

L

325

681

902

0.83

0.64

0.53

1908

1

L

320

616

854

0.82

0.66

0.52

1790

0

L

241

317

395

0.75

0.67

0.59

953

0

S
S
M

456
873
23

1210
1133
12

2072
1644
7

0.88
0.76
0.45

0.68
0.69
0.71

0.45
0.55
0.83

3738
3650
42

0
2
4

L

121

137

157

0.71

0.67

0.62

415

2

L

0

0

0

1.00

1.00

1.00

0

1

M

18

34

57

0.83

0.69

0.48

109

1

M
S
M
S
S
S

46
75
12
8
0
4

60
112
29
22
0
17

98
265
56
56
0
30

0.77
0.83
0.88
0.91
1.00
0.92

0.71
0.75
0.70
0.74
1.00
0.67

0.52
0.41
0.42
0.35
1.00
0.41

204
452
97
86
0
51

1
1
3
1
1
1

Long-tailed tit

S

48

54

61

0.71

0.67

0.63

163

1

Common
chaff

S

2

11

13

0.92

0.58

0.50

26

1

Firecrest

S

0

1

13

1.00

0.93

0.07

14

1

House sparrow

S

149

163

248

0.73

0.71

0.56

560

1

European
finch

S

33

78

166

0.88

0.72

0.40

277

3

S

0

1

7

1.00

0.88

0.13

8

1

Size
class

Scientific name

English name

Ciconia ciconia

White stork*
European honeybuzzard*
Eurasian buzzard*
Long-legged buzzard*
Lesser spotted eagle*
Barn swallow*
Common swift*
Common kestrel
Yellow-legged
gull
Audouin's gull
Eurasian collared
dove
Rock dove
Crested lark
Fieldfare
Red-backed shrike
Subalpine warbler
Blackcap

Pernis apivorus
Buteo buteo
Buteo rufinus
Aquila pomarina
Hirundo rustica
Apus apus
Falco tinnunculus
Larus michahellis
Larus audouinii
Streptopelia
decaocto
Columba livia
Galerida cristata
Turdus pilaris
Lanius collurio
Sylvia cantillans
Sylvia atricapilla
Aegithalos caudatus
Phylloscopus collybita
Regulus ignicapilla
Passer domesticus
Carduelis carduelis
Troglodytes troglodytes

chiff-

gold-

Eurasian wren

Dr Ratio

No. of
fatalities
(C)

TABLE 2
Distribution model selection and selected models
Model

Area

AIC Value

Value

Exponential
Weibull

Hatay
Combined
Çanakkale
- øVWDQEXO

84.91116
238.2636
149.8211

Exponential

z

p

Scale

2.76
2.546

Std.
Error
0.289
0.218

1
1.22

Intercept
-41.5
-117.1

Newton-Raphson
Iteration
5
6

9.57
11.7

1.12e-21
1.80e-31

2.62

0.214

12.3

1.59e-34

1

-73.9

5

TABLE 3
Mean persistence time by study area in four mean search intervals
Area

N

Hatay

12

Çanakkale - øV
tanbul

23

Combined

35

Search Interval
7
14
21
28
7
14
21
28
7
14
21
28

Mean Search
Interval
0.78
0.64
0.54
0.46
0.75
0.69
0.49
0.41
0.59
0.56
0.46
0.39
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Mean
Persistence Time

Std. Error

LCI 95

UCI 95

15.92

3.67

8.73

23.1

13.73

2.68

8.47

18.98

14.11

2.14

9.91

18.32

Volume 26 ± No. 11/2017 pages 6543-6550

© by PSP

Fresenius Environmental Bulletin


TABLE 4
Annual mortality rates of small, medium, and large birds by study area
Area
Size
Combined
FAL
FAM
FAS
FA
Çanakkale
FCL
FCM
FCS
FC
øVWDQEXO
FIL
FIM
FIS
FI
Hatay
FHL
FHM
FHS
FH

Number of fatalities (C)

t

p

Estimated
Rate (F)

4
10
13
27

14.11

1.00
0.92
0.79
0.88

5.00
15.80
18.80
39.7

2
4
8
14

13.78

1.00
0.86
0.78
0.86

3.00
5.00
11.40
19.00

2
5
3
10

13.78

1.00
0.86
0.78
0.86

2.00
11.00
4.30
17.30

0
1
2
3

15.92

0.80
1.00
1.00
0.92

0.00
1.00
3.00
3.70

Fatality

F
per Turbine/Year
30 turbines
0.16
0.52
0.62
1.32
13 turbines
0.23
0.38
0.87
1.46
12 Turbines
0.16
0.91
0.35
1.44
5 Turbines
0.00
0.20
0.60
0.74

F
per MW/Year
78 MW
0.06
0.20
0.24
0.50
39 MW
0.07
0.13
0.29
0.48
24 MW
0.08
0.45
0.18
0.72
15 MW
0.00
0.06
0.20
0.24

fatalities. Therefore, a negative relationship was evident between the number of flights within 500 m of
the turbines and the number of fatalities. Two speFLHV WKH $XGRXLQ¶V JXOO DQG WKH VXEDOSLQH ZDUEOHU
were not observed in flight within the study areas;
however, a single fatality each, was observed. As the
distance away from the turbines increased, so did the
frequency of observation of various species (as evidenced by the Dr and the number of flights) (Table
1). Frequently observed species faced less risk than
those less frequently observed, as determined by the
Dr. For example, the common kestrel was one of the
least frequently observed species (Fn = 42; Dr =
0.45), despite yielding a higher number of fatalities
(C = 4; 14.81% of the total number of fatalities). In
addition, the number of fatalities were not statistically correlated with bird size according to the Kruskal-:DOOLVQRQSDUDPHWULFWHVW IRUPȤ2 = 3.324,
GI S IRUPȤ2 = 3.384, df = 2, p =
DQGIRUPȤ2 = 3.331, df = 2, p = 0.189).
The number of flights (Fn) by birds at 150 m was
significantly different (U = 30.500, W = 108.500, p
= 0.029) from those at 300 m (U = 35.500, W =
113.500, p = 0.060) and 500 m (U = 41.000, W =
119.000, p = 0.124), according to the results of the
Mann-Whitney U test. The Fn of species within 500
m of the turbines was 3877 of the total number of
flights (19.23%) in Çanakkale (Fn at 150 m = 566,
P DQGP  LQøVWDQEXO
(33.15%) (Fn at 150 m = 944, 300 m = 1935, and
500 m = 3804); and 9591 in Hatay (47.58%) (Fn at
150 m = 1475, 300 m = 3034, and 500 m = 5082).
The Fn within 0±150 m did not differ significantly
E\ ELUG VL]H LQ DOO DUHDV Ȥ2C = 0.481, df = 2, pC =
Ȥ2I = 4.060, df = 2, pI Ȥ2H = 2.693, df
= 2, pH = 0.260). However, significant differences
were noted between the

Carcass Removal Trials. An exponential
model for the Hatay and Combined areas, and the
:HLEXOOPRGHOIRUdDQDNNDOHøVWDQEXOZHUHXVHGWR
calculate the mean persistence time according to the
AIC values (Table 2). The MPT was found to be similar in all areas of the carcass removal trials for small,
medium, and large birds (Table 3). The removal ratio
of small birds (100%) was significantly higher than
that of medium and large birds.
Estimated Fatality Rates. The estimated fatality rates (FA) for the 30 turbines within the three
study areas were calculated in terms of birds/turbine/year (b/t/y) and birds/MW/year (b/m/y) (Table
4). The FA over four years was calculated as 1.32
b/t/y for all sizes. The minimum number of fatalities
was found in Hatay (C; Number of fatality = 3), and
maximum, in Çanakkale (C = 13). No fatalities of
large birds were detected in Hatay. The highest FA
ratio among all study areas belonged to the small category (FCS = 0.62; FIS = 0.35; FHS = 0.60 b/t/y), of
which most were passerines (C = 15).
Utilization Rates. The number of flights
among all species (listed in Table 1) within 500 m of
the turbines totaled 20,154, and among those, 18 fatalities were detected. The number of flights by species, distance to the turbines, and Dr are presented in
Table 1. The target species were those observed most
frequently within the study areas (Fn = 17,650;
87.5% of all flights). The most commonly observed
species was the common swift with 3,650 flights.
Three fatalities of two target species (11.1% of the
total number of fatalities) were detected. Although
the other species (18) accounted for 12.5% of the total number of flights observed (Fn = 2 504), they also
accounted for 88.8% (C = 24) of the total number of
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FIGURE 2
Number of fatalities among various species and number of flights 0±500 m in close proximity
to wind turbines
QXPEHUV RI IOLJKWV DQG IDWDOLWLHV LQ +DWD\ Ȥ2H =
14.838, df = 4, pH  DQGøVWDQEXO Ȥ2I = 15.615,
df = 4, pI = 0.04) in comparison to those in Çanakkale
Ȥ2C = 3.850, df = 4, pC = 0.427).
7KH 6SHDUPDQ¶V UDQN correlation coefficient
(rs) was used to compare the number of flights
among all species within 500 m and the number of
fatalities (C). A moderately negative correlation was
observed (rs = - 0.444, p = 0.034) between Fn and C.
This correlation increased as the distance from the
turbines increased. Moreover, a moderately negative
correlation was also observed between Fn and C at
distances of 150 m (rs = - 0.402, p = 0.057), 300 m
(rs = - 0.452, p = 0.030), and 500 m (rs = - 0.478, p =
0.021). An inversely proportional relationship was
noted between the number of fatalities and number
of flights following logarithmic evaluation (Figure
2).

usually vary between 0 and 2, except in extreme conditions. A comparison of the rates of the present
study with those of previous reports, suggests that
the turbines in the present study had a similarly negative impact on the birds. Barrios and Rodrigues [37]
and Smallwood et al. [31] suggested that carcass removal trials are affected by seasonal changes. Nevertheless, our study was conducted between March
and October, around the same time as that of Kitano
and Shiraki [29] within the same seasons, in different
years. The results of both carcass removal trials were
quite similar. This similarity could be attributed to
the fact that both study areas share similar meteorological and climatic conditions, especially that of
wind.
Although the number of flights of the target
species comprised 87.5% of the total number of
flights (FN = 17,650), only three fatalities were recorded among those species (11.1% of total fatalities).
The lowest fatality rates among the three groups of
birds and the highest number of individuals flying
within the dangerous zone were recorded in Hatay.
The number of flights of other species (especially of
resident species) was minimal, despite a high number of fatalities. At the beginning of the study, it was
estimated that the target species would yield the
highest fatality rates owing to higher migration densities in the vicinity of the turbines within the study
DUHDV SDUWLFXODUO\+DWD\DQGøVWDQEXO +RZHYHUWKH
present study revealed a negative correlation between the number of flights within 500 m of the turbines and the number of fatalities with respect to
both target and other species. Our findings are consistent with those of other studies. For example, De
Lucas et al. [16] in their study on griffon vultures and
other raptors reported the highest fatality rates during the times at which those species comprised the

DISCUSSION
The estimated fatality rates are presented in Table 2 as both b/t/y (1.32) and b/MW/y (0.50). Several
related studies have investigated bird fatalities
caused by wind turbines. Among the highest fatality
rates recorded were 16 b/MW/y and 3.85 raptors/MW/y at the Altamont Pass (USA) [35]. The estimated fatality rates in other reports include the following: 2.20 b/MW/y and 0.36 raptor b/MW/year in
Tomanne [29] and 0.026 b/t/d at a wind farm in Wisconsin, USA [15]. In addition, the greater whitefronted goose (Anser albifrons) yields a species-specific fatality rate 0±2 Anser albifrons/year in Fukui,
Japan [36]. It could be inferred from these studies
that mortality rates might differ by area, species, and
power (MW), or per turbine. Estimated fatality rates
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fewest number of individuals. Their results demonstrated that there was no relationship between the fatalities caused by the turbines and the number of
flights or abundance of birds around those turbines.
These findings are also among the most important in
our study. In contrast, Carrete et al. [38] reported that
mortality rates are related to the abundance of the
species.
We can conclude that for some species, such as
the common kestrel, a high fatality rate and a low
number of individuals and flights can be expected in
the vicinity of wind turbines. This negative relationship between F and C becomes more meaningful
when the Dr is also considered. The Dr was calculated for the target species and those in which fatalities were found. The ratio provided a significant advantage to compare effectively the number of flights
among species. For example, the common kestrel
yielded a relatively high number of fatalities, although it was rarely observed within all study areas.
The Dr shows that the kestrel had the highest fatality
risk among all species. The Dr makes it possible to
predict fatality risk. We suggest that the Dr can be
useful to predict the fatality risk of species.
The highest fatalities were observed among
small birds. These findings are consistence with
those of Erickson et al. [39], who recorded the highest fatality rates caused by turbines in passerines of
the USA and Canada. The high fatality rates of passerines could be attributed to the frequency of observation and the abundance of individuals [39], which
is inconsistent with our findings. However, within
our study areas, passerines yielded the lowest density
of individuals in comparison to larger migratory
birds. Some studies have demonstrated that there is
no relationship between the fatalities caused by turbines and the number of flights or abundance of birds
in the vicinity of turbines [29, 32, 38], which is consistent with the findings of our study. Similar results
have also been reported in other studies [11, 17, 39].
The study areas were located in three provinces
of two regions in Turkey that are characterized by
the highest wind power capacity [23]. To our
knowledge, the present study represents one of the
first to examine bird-wind turbine interaction data
that could be extrapolated for other areas in Turkey.
When wind power potential and the installed capacity of Turkey are taken into consideration, the fatality rates observed in the present study could be applicable to the rest of the country. Therefore, the present data can be used to estimate bird mortality from
wind turbines throughout Turkey. As the capacity for
wind energy grows, bird fatalities caused by wind
turbines in Turkey are expected to increase annually
[19]. Before the increasing number of bird fatalities
becomes a critical problem, further studies should be
conducted at each wind power plant by ornithologists and other experts who are versed in the interactions between birds and turbines.
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services are most obviously reflected at the local and
regional levels [2]. In the past 50 years, ecosystem
service degraded worse because of population
growth and economic development [3]. In the next
50 years, ecosystem services are expected to degrade
even more, unless appropriate measures are taken
[3].

ABSTRACT
As one of the key tools for regulating humanecosystem relations, environment conservation policies can promote ecological rehabilitation across a
variety of spatiotemporal scales. However, quantifying the ecological effects of such policies at the regional level are difficult. A case study was conducted at the regional level in the ecologically vulnerable region of the lower reaches of Tarim River,
China, through the use of several methods including
the Universal Soil Loss Equation (USLE) and multivariate analysis. An assessment of the changes over
the period of 1985-2010 in four key ecosystem services was undertaken to determine the effects of the
&KLQHVHJRYHUQPHQW¶VHFRORJLFDOUHKDELOLWDWLRQLQL
tiatives implemented in 2000. These ecosystem services included water regulation, soil conservation,
carbon sequestration and grain production. Significant conversions of woodland and grassland to farmland were found to have resulted in weaken soil conservation and carbon sequestration, but decreased
the trend by the water conveyance project. The total
grain production increased with the water dropped
off in the lower reaches of Tarim River. Although
some positive policy results have been achieved over
the last two decades, large uncertainty remains regarding long-term policy effects on the sustainability
of ecological rehabilitation performance and ecosystem service enhancement. To reduce such uncertainty, this study calls for an adaptive management
approach to regional ecological rehabilitation policy
to be adopted, with a focus on the effective control
between people activities and environment.

FIGURE 1
Map of study area
River Basin is an important carrier of human
activities and economic development, especially in
the inland arid area. The quality and capacity of the
river basin determine the degree and intensity of regional economic development and population activities. However, in recent decades, the ecological degradation in the region has limited the sustainable development of social economy. For example, the
longest inland river in arid area of Northwest China's
- Tarim River, due to the exploitation and utilization
of water resources of the high strength, 321km river
course of the lower reaches stopped since 1970s,
which degraded the oasis ecosystem service that human activities relied on, and led to the decrease of
soil and water conservation, soil carbon sequestration and a series of ecosystem services function. In
order to save the increasing degradation of the natu-
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INTRODUCTION
The ecosystem is the basis for human existence
and development [1], Its function and service are affected by human activities and human-Policy platform. The impacts of human activity on ecosystem
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loss for the two situations described above.
Soil retention can be expressed mathematically as:

ral vegetation and the increasingly damaged ecosystem, the government invested 10.7 billion RMB to
carry out the Water Conveyance Project in Tarim
River, which use the artificial river course to convey
water to the lowers reaches of Tarim River to lift the
underground water level to help restoring the damaged vegetation.
This paper quantitatively evaluates the impact
of Water Conveyance Project on the implementation
of ecosystem services in the lower reaches of Tarim
River. The assessment of Water Conveyance Project
in the lower reaches of the Tarim River is helpful to
quantitatively evaluate the effect of policy driven on
the ecological restoration of river basin, and to provide the basis for the combination of natural, social
and economic.

'A

A0  AV

R u K u L u S u (1  CV u PV )

where 'A is the amount of soil conservation(t·ha-1·yr-1);

A0 is the potential soil erosion with-

out vegetation cover(t·ha-1·yr-1); and

AV is the soil

erosion under current land cover and management
condition(t·ha-1·yr-1); R, K, L, and S represent rainfall erosivity [megajoules·mm/(ha·hour·yr)], soil
erodibility[t·ha·h/(ha· megajoules·mm)],
slope
length, and slope angle factors respectively.

Cv and

Pv refer to current vegetation cover factors and erosion control practice factors, respectively. L, S,
and

STUDY AREA AND METHODS

Cv

Pv are all dimensionless factors.

Carbon sequestration. Carbon sequestration
for the water conveyance project in the lower reaches
of Tarim River was include the Soil organic carbon(SOC) sequestration and plant Carbon sequestration. The plant carbon sequestration was estimated
by

Study area. The lower reach of Tarim River
was located in the edge of the Taklimakan Desert
which is temperate, arid-desert climate tending to be
multi-windy and sandy, with dust-floating weather.
The annual average diurnal temperature variation is
14Ԩ~ 16Ԩ with the average maximum of 25Ԩ. The
annual precipitation is ranging from 17.4mm to
42.8mm, and annual potential evaporation is
2244.6mm to 2902.2mm. The Taklimakan Desert
zone is one of the most arid areas in China, and more
than half of the P. euphratica forest natural stands in
the world concentrated on the watershed of Tarim
River Basin. In the past 50 years, because of the inappropriate and serious utilization of water and land
resources, there had been no water in the lower
reaches of Tarim River along the 320-km course
where the groundwater levels decreased significantly. As a result, large areas of natural vegetation
in this area have disappeared. The soil texture in this
area (study area) is mainly composed of fine grained
sand loam with a 0.425% to 2.025% of soil salinity
in surface to 20cm of depth. The natural vegetation
species constitute trees dominated by P. euphratica,
shrubs by Tamarisk, herbs mainly by Reed, Poacynum hendersonii, Glycyrrhiza and Alhagi sparsifolia, etc.

n

Vi

¦ S u B u 0.5
i

i

i 1

Where

Vi Si Bi represent carbon storage of

the section i plant type, Carbon density of the section
i plant type, and the area of the section i plant type; i
is the type of plant type [5]. According to the Field
sampling survey in the lower reaches of Tarim River,
the carbon density of forest, farmland and grassland
was 121.62, 11.37 and 3.73.
The soil carbon sequestration was based on the
field sampling survey by Soil organic carbon in
1985, 1999 and 2010. The soil sample sruvey were
located in the different section of the lower reaches
of Tarim River named Akerdun, Yahepumahan,
Yingsu, Abudale, and Kaerdayi sections, three survey profiles in every section. The soil survey profile
collected 360 soil samples according to 15cm, 1540cm, 40-100cm and 100-170cm levels. Organic
carbon content was determinate by potassium dichromate method. The soil carbon sequestration was
estimated by the organic carbon content of the certain depth. The soil carbon sequestration can be expressed mathematically as:

Soil conservation. The soil conservation services of re-vegetation have been measured since
1985 by calculating the decrease in the regional soil
loss or regional soil retention on slopes. Soil retention is calculated as soil loss without vegetation
cover and soil erosion control practices minus that
under the current land use/land cover patterns and
soil erosion control practices. The Universal Soil
Loss Equation (USLE) is the most widely used
method for soil erosion modeling and assessment [4]
and was applied to quantify the amount of annual soil

n

SC

n

¦ SOC ¦ (10
i

i 1

4

u c u h u d )i

i 1

Where SC was soil carbon sequestration, c was
the content of organic carbon(%), h was the depth of
soil profile, d was the Soil bulk density, i was the
levels of soil profiles [6].
Grain production. Data on grain production
was obtained from provincial level Bureaus of Statistics in the Lower Reaches of Tarim River (2 counties)
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FIGURE 2
Land cover change of the lower reaches of Tarim River from 1985 to 2010

FIGURE 3
Climate change of the lower reaches of Tarim River from 1960 to 2010

Land cover change. The land use/cover data
were derived from TM imageries, including Landsat
bands 5, 4, and 3 for August 8, 1985, August 8, 1999,
and September 5, 2010. We particularly selected
these imageries for their good qualities (without
much cloud). Considering the relatively simple land
uses and landscapes in the study area, we adopted a
six-type classification system used by the Resources
and Environment Database of Chinese Academy of
Sciences, including water body, farmland land, forestland, grassland, residential and industrial land,
and desert land. The classification was conducted using ENVI and ArcGIS software, augmented by field
trips with GPS. Some attribute data used in the clasVLILFDWLRQFDPHIURPWKH³;LQMLDQJ6WDWLVWLFDO<HDU
ERRN´ 6WDWLVWLFDO%XUHDXRI;Lnjiang Uygur Autonomous Region, 1986±2011).
We evaluated the classification accuracy with a
confusion matrix. We selected 300 random points in
the study area to create the confusion matrix. The
true values of these points were determined Based on
the geographic information extracted in 2010, combined with the field data and high-resolution images
from Google Earth, The matrix shows that the classification accuracy of the major types in the area is
high. Specifically, the accuracy of cultivated land
reaches 91.26%, the residential and industrial area
and water body up to 94%, forestland minimum
reaches 86.09%, grassland and unused land are
85.21% and 88.74% respectively. The total classification accuracy is 92%, The Kappa coefficient is
0.82

RESULTS AND DISCUSSION
Land covers change since 1985 and the
broad climate regime. From 1985 to 2010, the
lower reaches of Tarim River were dominated by
useless areas, followed by grassland and waterland.
Between 1985 and 2000 the land cover patterns of
the lower reaches of Tarim River changed remarkably. The areas of woodland, grassland, water and residential land decreased by 49.7%, 68.97%, 90.12%
and 60.90%, respectively. Farmland and useless areas increased by 322.98% and .49.28 %( Figure
2).Between 2000 and 2010 the change of the land
cover patterns of the study area was relatively gently.
Woodland and grassland cover decreased by 14.62%
and 45.23%, respectively. Farmland, water and useless areas increased by 65.24%, 34.74%, and 4.88%.
The residential land increased remarkably by
556.44%. The decreases in woodland and grassland
were distributed along artificial watercourses peripheral and the vast area of the end of the lower reaches
of Tarim River, and were mostly converted from desert and farmlands and water. This land cover change
resulted in over 0.23% farmland, 0.32% woodland,
5.71% grassland, 0.84% water, 0.04% residential
land cover, and 92.86% useless areas in 2010.
The regional climate condition of northwest
China including Tarim River region has exhibited a
warming and humid trend (Fig 3). This climate trend
was revealed from the analysis of time series data
between 1960 and 2010, obtained from 51 meteorological stations located in the aird region of the
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this part of soil loss has also implied grow on
the influence of dry river course on Vegetation
cover. The dry river course extended from 321km to
428 km since 1970s until 1990s, which lead directly
the decline substantially of underground water
depth. Due to the extremely drought in the area, the
Vegetation cover was in extreme decline or death situation [8]. The soil erosion resulted by desertification has 1313.11 ten thousand tons, which mean that
the river course dried exacerbated the soil erosion.
After the emergent Water Project effected in
2000, Soil conservation has improved since 2000.
The annual average soil retention of the study area
between 2000 and 2010 was found to be 55.71 ten
thousand tons. The soil erosion resulted by the process and method of ecological restoration. The emergent Water Project Conceptually distributed as the
artificial channel, which limited the area of vegetation cover and the plant regeneration [9]. Soil erosion is thus still considered one of the most critical
environmental issues in the lower reaches of Tarim
River and requiring further ecological rehabilitation
efforts.

northwest China. Among them, there are 3 meteorological stations in the lower reaches of Tarim River.
In the desert, precipitation was found to increase annually by an average of 0.87mm and temperature
was found to increase annually by an average of
0.36Ԩ, the increasing trend of precipitation in desert
area was not significant [7].
The Water Conveyance Project. The Water
Conveyance Project has launched for ten years since
2000. The Water Conveyance Project transport for
15 times and the accumulated water conveyance capacity was 2657 million cubic meters since
2000(TABLE 1), which lifted about 2km in the 1km
range along the lower reaches of the Tarim River(Fig
4).
TABLE 1
Water conveyances to lower reaches of the
Tarim River
Water conveyance

Starting time

Ending time

First time
Second
Time
Third
TimeϨ
Third
Timeϩ
Fourth
Time
Fifth time
Ϩ
Fifth time
ϩ)
Sixth time
Seventh
TimeϨ
Seventh
Timeϩ
Eighth
Time
Nineth
Time
Tenth time
11th Time
Ϩ
11th Time
ϩ
Total

14/05/2010
03/11/2000

12/07/2000
05/02/2001

Water
amount/
Mm3
98
226

01/04/2001

06/07/2001

184

08/08/2001

08/11/2001

198

07/06/2002

10/11/2002

331

02/03/2003

08/07/2003

338

04/08/2003

03/11/2003

285

23/04/2004
07/05/2005

22/06/2004
07/06/2005

102
52

30/08/2005

31/10/2005

230

25/09/2006

21/11/2006

201

15/09/2007

21/10/2007

14

25/11/2009
20/06/2010

31/12/2009
15/07/2010

11
30

30/07/2010

15/11/2010

357

FIGURE 4
Underground water table change of the lower
reaches of Tarim River after the water conveyance project
Carbon sequestration assessment. Net carbon sequestration was estimated from vegetation and
soil carbon change since 1985. The findings suggest
that the emergent Water Project efforts have brought
about significant positive impacts on carbon sequestration, with the decreased trend of carbon sequestration slow down. The carbon levels in 1985, 2000 and
2010 found to be 688.05, 271.56 and 197.09 Tg, respectively. The spatial variation of carbon sequestration in the lower reaches of Tarim River is shown in
Table 2.
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Soil conservation assessment. Soil conservation in the lower reaches of Tarim River, represented
as a decrease in soil erosion, had been worsen from
1985 to 2000 and improved since 2000 to 2010 as a
result of watering project. From 1985 to 2000, soil
erosion in the lower reaches of Tarim River was serious and increased by 54.76%. The annual average
soil erosion of the study area between 1985 and 2000
was found to be 77.45 ten thousand tons. Soil conservation, represented as an increase in soil erosion,
has lost 774.50 ten thousand tons since 1985 as a result of the dry river course. The increasing trend of

TABLE 2
Carbon sequestration of the lower reaches of Tarim River in different years
Content(ThKM2)
Soil organic carbon
Plant carbon
Total

6554

1985
9.80
678.25
688.046

2000
1.75
269.81
271.566

2010
0.07
197.03
197.096
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FIGURE 5
Acre and production of Grain and Gross in the lower reaches of Tarim River in different years

factor observed in the lower reaches with using the
remote sensing image, the former ratio data was
lower [13-14]. However, it showed the spatial and
timbale change trend of soil erosion. At the same
time, due to the influence of Taklimakan Desert of
the arid desert climate, wind erosion is one of main
proportion in regional soil erosion [15]. Overestimation may have also occurred due to setting the control for soil conservation effects to a scenario of no
vegetation cover or erosion control practice.
Overestimation is evident after comparing soil
conservation results to those from another similar
soil conservation assessment using different methods, which reported 1186.1 and 1014.3 ten thousand
tons in 2000 and 2007 in Tarim Basin [16]. These
overestimations were made for the absolute values of
spatial explicit annual soil conservation measurements but did not exclude the soundness of comparisons between annual soil conservation services
brought about by vegetation rehabilitation [17]. Uncertainties were also identified from the estimation
of input parameters for the USLE [12]. Therefore,
parameters established and experimentally verified
in the lower reaches of Tarim River were used for
estimating the different factors in the USLE [18] to
reduce this source of uncertainty.
For the assessment of carbon sequestration, the
effects on areas with land cover transitions from
farmland to forestland, or grassland and the process
of ecological succession from grassland or forestland
to farmland were all considered. Soil carbon sequestration effects at the sample point scale were also estimated for equal soil depths (40 cm) because of insufficient soil bulk density data. Furthermore, soil
carbon sequestration effects were estimated through
the 38 samples collected from the 5 sections in the
lower reaches of Tarim River. The accuracy of the
results from the biomass / carbon stocks, which is
fundamental to vegetation carbon sequestration assessment, is largely dependent on the average carbon
density data. All the above methods can introduce
errors or uncertainties in the estimation of vegetation
and soil carbon sequestration. These errors or uncertainties can be reduced with more soil data, higher
resolution vegetation carbon density data and localized model parameters. Given these uncertainties,

Grain production. From 1985 to 2010 in the
lower reaches of Tarim River, average grain productivity increased by approximately 1.85 times and
then fluctuated around a productivity level of 143.27
kg/ha (Figure 5). As a result of this cropland productivity and area change, the gross grain production increased by approximately 8.11times and then fluctuated around level of 6270.36 tons. The river way of
the lower reaches of Tarim River has been drying up
for 25 years, but the actual grain production increased across the study area at a rate of 28.45% during this period.

DISCUSSION AND CONCLUSION
7KLVVWXG\¶VUHVXOWVVXJJHVWWKDWWKH:DWHUConveyance Project resulted in ecosystem property and
service change under favorable climate change conditions. Specifically, the following changes have
been detected: 1) the decreases trend of woodland
and grassland slow down; 2) significant expansion of
cropland, water land and residential areas; 3) the loss
of soil erosion is serious, but the trend slow down; 4)
the decreases trend of carbon sequestration slows
down; 5) Significant improvement in grain production. Complex relationships may exist between these
changes, as well as between the biophysical and socioeconomic conditions.
Uncertainties involved in ecosystem service
assessment. Several factors affected the accuracy of
estimating the regional climate trend at the regional
scale. The vast area of the lower reaches of Tarim
River presented a challenge for deriving the spatial
distribution of annual precipitation that was interpolated from climate records at 3 weather stations in
the study area, so the large temporal variability in
precipitation thus made accurate mapping of precipitation distribution difficult at the 1-km resolution
[10-11].
Soil loss prediction equation usually includes
rainfall factor, soil factor, terrain factor and vegetation factor [12]. For the lower reaches of Tarim
River, the river erosion exacerbated soil erosion.
Compared calculation based on slope length, slope
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the major characteristic of the carbon sequestration
effects of The Water Conveyance Project was revealed to be the dominance of vegetation carbon accumulation, which was found to be more sixty times
than the level of soil carbon sequestration in this
study.

degree of mineralization; effectively improve the
water quality of the region [26]. However, due to the
expansion of farmland area along the water conveyance lines, the ecological restoration of water conveyance project on environment was weakening, and
the quality of water was worse [27]. The significant
improvement in cropland productivity were attributed to factors such as agricultural technological
growth, the construction of high quality basic
croplands, the increase in resource input and farming
management, and the improvement of extension services [28-29] as complementary or insurance
measures for ecological rehabilitation. The increase
of agricultural output in lower reaches of Tarim
River mainly based on the crop planting area increasing. The amount of water resources in the lower
reaches of was shorten, which should be limited to
for protection, except for the agriculture development.

Synergies and tradeoff between ecosystem
services. The implementation of the emergent Water
conveyance Project under the regional warming and
weting climate may contribute to the ecosystem restoration because of the potential increase in underground water table [19-20]. Long time drying region
led to deterioration of the environment, under the
warm and humid climate trend, the emergency water
runoff increased, the river downstream transport of
water resources increases [21,7]. Normally, the runoff will increase the underground water table [22]. If
the underground water level rises to 2-4m, it can
meet the growth of some drought resistant shrubs
and shrubs in the area, and then play a positive role
in the restoration of vegetation [23]. Studies showed
that The Water Conveyance Project help the DBH
growth of Populus euphratica [24]ˈwhich increased
the biomass of vegetation of lower reaches of Tarim
River. According to the growth model, the growth of
populus euphratica increased from 20.329h104t in
2000 to 21.05h104t in 2010 under the water conveyance project [25]. The net primary production of
regional ecosystems in the Lower reaches of Tarim
River increased since the water emergent project carried out.
After the water conveyance in the lower
reaches of Tarim River, underground water level
rise, vegetation area expands, which helps soil conservation, carbon sequestration efficiency. Therefore, there is the synergistic effect of runoff amount
increase and soil erosion, the reduction of carbon sequestration rate slowed down, and grain increase.
But, in fact, emergency water supply is only slowing
down the forest and grassland area. Increase the
amount of emergency water for farmland area expansion brings conditions, the crop sown area of the
lower reaches of the Tarim River expanded from
1995 to 2010 from 16 thousand and 790 hectares to
47 thousand and 790 hectares, particularly in the cotton area increased most, up to 3 times. Cotton consumption in farmland water is 4-7 times, crops,
therefore, water quantity of agricultural water consumption increased largely occupied by the application in ecological restoration, which weakened the
ecological function of emergency water recovery.
The increase of farmland area and the decrease of
forest and grassland area is dissipation. Due to the
increase of regional farmland, nitrogen (influenced
by population pressure and fertilizer use) and phosphorus (sourced from soil erosion in the Tarim
River) transported in the lower reaches of the Tarim
River have increased significantly.
The water conveyance project can reduce the
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FRPPXQLWLHVLQWXUQLQIOXHQFHUDWHVRINH\VRLOSUR
FHVVHV (YHQOHVVLV NQRZQDERXWWKHIDFWRUVLQIOX
HQFLQJPLFURELDOFRPPXQLW\VWUXFWXUHVDWODUJHVSD
WLDOH[WHQWV
,W LV ZHOO NQRZQ WKDW PLFURELDO FRPPXQLWLHV
FRXOG EH LQIOXHQFHG E\ PDQ\ IDFWRUV VXFK DV VRLO
PRLVWXUH RUJDQLF PDWWHU FRQWHQW WHPSHUDWXUH S+
SUHFLSLWDWLRQ>±@7KHUHKDYHEHHQPDQ\VWXGLHVRI
WKHFRPSRVLWLRQRIPLFURELDOFRPPXQLWLHVDQGWKHLU
LQWHUDFWLRQV ZLWK HQYLURQPHQWDO IDFWRUV EXW IHZ
VWXGLHVKDYHDGGUHVVHGVRLOPLFURELDOFRPPXQLW\UH
VSRQVHVWRVHDVRQDOVKLIWVLQSUHFLSLWDWLRQDQGWHP
SHUDWXUHLQDULGHFRV\VWHPVSDUWLFXODUO\DWWKHODUJH
VSDWLDOH[WHQW
7KH 4LQJKDL7LEHW 3ODWHDX LV ORFDWHG LQ WKH
PLGGOHRIWKH$VLDQFRQWLQHQWDQGKDVDWRWDODUHDRI
PRUHWKDQPLOOLRQVTXDUHNLORPHWUHV%HFDXVHRI
WKHDOSLQHH[WUHPHHQYLURQPHQWVLWKDVEHHQVKRZQ
WKDWWKLVUHJLRQLVWKH PRVWVHQVLWLYHLQUHVSRQVHWR
FOLPDWHFKDQJH>@7KHUHIRUHLWLVDSHUIHFWUHJLRQ
LQ ZKLFK WR VWXG\ KRZ VRLO PLFURELDO FRPPXQLWLHV
UHVSRQG WR HQYLURQPHQWDO FKDQJHV DQG FRXOG SUR
YLGHUHSUHVHQWDWLYHUHVXOWV
7KH REMHFWLYH RIWKLVVWXG\ ZDVWRLQYHVWLJDWH
ZKHWKHUVRLOPLFURELDOFRPPXQLWLHVDORQJDSUHFLSL
WDWLRQ JUDGLHQW VKLIW LQ WKHLU FRPSRVLWLRQ LQ ZLQWHU
DQGVXPPHU:HDOVRK\SRWKHVLVHGWKDWVRLOGHSWKV
KDGDVLJQLILFDQWHIIHFWRQVRLOPLFURELDOFRPPXQLW\
VWUXFWXUHVDWODUJHVSDWLDOH[WHQWV

ABSTRACT
6HDVRQDO FKDQJHV LQ VRLO PLFURELDO FRPPXQL
WLHVDORQJDQDQQXDOSUHFLSLWDWLRQZHUHLQYHVWLJDWHG
E\ XVLQJ SKRVSKROLSLG IDWW\ DFLGV 3/)$  DQDO\VLV
IURP VDPSOHV FROOHFWHG LQ VXPPHU DQG ZLQWHU LQ
 IURP WKH QRUWKHDVWHUQ 7LEHWDQ 3ODWHDX 7RWDO
3/)$FRQFHQWUDWLRQZKLFKLVLQGLFDWLYHRIPLFURELDO
ELRPDVVZDVKLJKLQVXPPHUDQGORZLQZLQWHUVXJ
JHVWWKDWVHDVRQDOFKDQJHVKDYHVLJQLILFDQWHIIHFWVRQ
VRLOPLFURELDOELRPDVVPDLQO\DIIHFWHGE\SUHFLSLWD
WLRQRWKHUWKDQWHPSHUDWXUH:KDW¶VPRUHEDFWHULD
*UDPSRVLWLYHEDFWHULD*UDPQHJDWLYHEDFWHULDDQG
DFWLQRP\FHWHVELRPDVVZDVVLJQLILFDQWKLJKLQVXP
PHUWKDQWKDWLQZLQWHUVXJJHVWWKDWSUHFLSLWDWLRQKDG
YDULRXVHIIHFWVRQVRLOPLFURELDOFRPPXQLWLHVLQGLI
IHUHQWVHDVRQV,QGLIIHUHQWVRLOGHSWKVSUHFLSLWDWLRQ
KDGGLIIHUHQWHIIHFWVRQPLFURELDOFRPPXQLWLHV3UH
FLSLWDWLRQ KDG VLJQLILFDQWO\ SRVLWLYHO\ FRUUHFWLRQ
ZLWK EDFWHULD *UDPSRVLWLYH EDFWHULD *UDPQHJD
WLYHEDFWHULDDQGDFWLQRP\FHWHVELRPDVVLQIRXUVRLO
GHSWKV FP LQVXPPHU%XW
LQZLQWHUSUHFLSLWDWLRQKDGDORQJWHUPHIIHFWRQVRLO
PLFURELDO FRPPXQLWLHV DQG LW ZDV RQO\ VWURQJO\
SRVLWLYHZLWKWKHEDFWHULDDQGIXQJL3/)$VLQWKH
FPVRLOVXUIDFHDQGQRWVLJQLILFDQWO\FRUUHODWLRQ
ZLWKSUHFLSLWDWLRQLQFP
.(<:25'6
VHDVRQDO HIIHFWV PLFURELDO FRPPXQLW\ VWUXFWXUH VRLO
GHSWK7LEHW3ODWHDX

MATERIALS AND METHODS
6DPSOLQJVLWH6RLOVDPSOHVIRUWKHVWXG\ZHUH
FROOHFWHGIURP1WR1DQG1
WR1LQ$XJXVWDQG'HFHPEHULQ )LJ
 'XH WRWKH VRXWKHDVWDQGVRXWKZHVW PRQVRRQ
WKHUH LV D GLVWLQFW JUDGLHQW LQ DQQXDO SUHFLSLWDWLRQ
IURPHDVWWRZHVW 7DEOH 7KHDQQXDOSUHFLSLWDWLRQ
UHGXFHGIURPPPLQWKHHDVWWRPPLQ
WKHZHVW)LYHSHUFHQWRIWKHDQQXDOUDLQIDOORFFXUUHG
GXULQJ WKH ZLQWHU 'HFHPEHU±)HEUXDU\  DQG 
RFFXUUHGGXULQJWKHVXPPHU -XQH±$XJXVW DQGWKH
DQQXDOWHPSHUDWXUHZDVQRPRUHWKDQ&7KHVDP

INTRODUCTION
0LFURRUJDQLVPV LQ VRLO DUH FULWLFDO IRU WKH
PDLQWHQDQFHRIJRRGVRLOKHDOWKPLFURRUJDQLVPVDUH
LQYROYHG LQ PDQ\ LPSRUWDQW VRLO IXQFWLRQV VXFK DV
FDUERQ DQG QLWURJHQ F\FOLQJ DQG RUJDQLF PDWWHU
WUDQVIRUPDWLRQ >@ $OWKRXJK VRLO PLFURRUJDQLVPV
SOD\ LPSRUWDQW UROHV LQ PDQ\ HFRV\VWHP IXQFWLRQV
ZHDUHRQO\EHJLQQLQJWRXQGHUVWDQGKRZPLFURELDO
FRPPXQLWLHV DUH VKDSHG E\ HQYLURQPHQWDO IDFWRUV
DQGKRZWKHVWUXFWXUHDQGIXQFWLRQRIVRLOPLFURELDO
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VDPHVLWH$WHYHU\VLWHZHFROOHFWHGVRLOIURPIRXU
GHSWKV±FP±FP±FPDQG±FP
7KH VRLO VDPSOHV ZHUH FROOHFWHG LQ VWHULOH EDJV
SDFNHGRQEOXHLFHDQGWUDQVSRUWHGWRWKHODERUDWR
ULHVE\DLUH[SUHVV7KHVRLOVDPSOHVIRUSKRVSKROLSLG
IDWW\ DFLG 3/)$  DQDO\VLV ZHUH VWRUHG DW ±&
6DPSOHV IRU SK\VLFDO DQG FKHPLFDO DQDO\VLV ZHUH
VWRUHGDW&

SOH VLWHV ZHUH ORFDWHG LQ WZR HFRJHRJUDSKLFDO UH
JLRQVRQHZDVWKH4LOLDQ0RXQWDLQVRIWKHHDVWHUQ
4LQJKDLKLJK0RXQWDLQEDVLQFRQLIHURXVIRUHVWDQG
VWHSSHUHJLRQDQGWKHRWKHUZDVWKH4DLGDP%DVLQ
GHVHUWUHJLRQ6LWHVDQGZHUHORFDWHGRQWKH
QRUWKVKRUHRI4LQJKDL/DNHDQGVLWHVDQG
ZHUH ORFDWHG RQ WKH VRXWK VKRUH RI 4LQJKDL /DNH
7KH ILUVW VDPSOH ZDVLQ'HFHPEHUDQGWKH VHFRQG
VDPSOH ZDV LQ$XJXVW WZLFH VDPSOHV ZHUH DW WKH

),*85(
6LWHORFDWLRQVPHDQDQQXDOSUHFLSLWDWLRQ 0$3 DQGPHDQDQQXDOWHPSHUDWXUH 0$7 RIWKHPLFURELDO
FRPPXQLW\VWXGLHG$ VLWHORFDWLRQV% 0$3& 0$7
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7$%/(
7KHEDVLFLQIRUPDWLRQRIWKHVWXG\LQJVLWHV
VLWH













0$3 PP
394.5
383.5
361.8
352.3
327.3
322.0
312.6
300.4
210.4
206.5
181.1
114.8

$

0$7 &
1.29
-0.06
0.31
1.00
2.09
1.50
-0.97
-2.31
4.65
2.33
5.97
1.19

%

(OHYDWLRQ P
3149
3311
3272
3239
3230
3199
3817
3804
2955
3354
2861
3002

9HJHWDWLRQ
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine grasslands
Alpine shrub
Alpine shrub
Alpine shrub
Alpine shrub

6WDWLVWLFDODQDO\VLV'LIIHUHQFHVLQ3/)$SUR
ILOHV DQG SK\VLFRFKHPLFDO FKDUDFWHULVWLFV RI VRLO
DPRQJWKHILIWHHQVLWHVZHUH DQDO\VHGXVLQJUHGXQ
GDQF\ DQDO\VLV 5'$  LQ WKH &$12&2  SUR
JUDPPHZKLFKLVDFRQVWUDLQHGRUGLQDWLRQPHWKRG
ZLWK WKH RUGLQDWLRQ D[HV FRQVWUDLQHG WR EH OLQHDU
FRPELQDWLRQV RI HQYLURQPHQWDO IDFWRUV 0ROH SHU
FHQWDJHV PRO RILQGLYLGXDOIDWW\DFLGVZHUHXVHG
LQ DOO WKH DQDO\VHV H[FHSW IRU WRWDO 3/)$V ZKLFK
ZHUHH[SUHVVHGDVQPROJVRLORQDGU\ZHLJKWED
VLV $OO GDWD ZHUH VWDQGDUGLVHG EHIRUH DQDO\VLV
$YDLODEOHHQYLURQPHQWDOIDFWRUVZHUHILOWHUHGE\YDU
LDQFHLQIODWLRQIDFWRUV 9,) 7KHFRUUHODWLRQDQGUH
JUHVVLRQDQDO\VLVEHWZHHQSUHFLSLWDWLRQDQGWKHPL
FURELDOFRPPXQLW\ZHUHDQDO\VHGXVLQJ6366
IRU:LQGRZV 6366,QF )RUDOODQDO\VHVVWDWLVWLFDO
VLJQLILFDQFH ZDV GHWHUPLQHG DW WKH S OHYHO
6LJPDSORW 6\VWDW6RIWZDUH,QF DQG&RUHOGUDZ
; &RUHO FRUSRUDWLRQ  ZHUH XVHG WR GUDZ WKH GLD
JUDPV

/LSLGH[WUDFWLRQDQGVHSDUDWLRQ3/)$OLSLGV
ZHUHH[WUDFWHGIURPO\RSKLOL]HGVRLOELRPDVVXVLQJD
VLQJOHSKDVH%OLJKDQG'\HUPHWKRG>@ZLWKPLQRU
PRGLILFDWLRQV %ULHIO\ J Q   PL[HG VRLO VDPSOH
ZDVH[WUDFWHGWZLFHZLWKRQHSKDVHPL[WXUHRIFKOR
URIRUP±PHWKDQRO±SKRVSKDWH EXIIHU  YYY
S+ IRUDPLQLPXPKRXUVE\YLJRURXVO\VKDN
LQJ7KHVROXWLRQVZHUHVSOLWLQWRWZRSKDVHVE\DGG
LQJ RQH YROXPH RI ZDWHU DQG FKORURIRUP 7KH RU
JDQLFSKDVHZDVUHFRYHUHGDQGWKHQIUDFWLRQDWHGLQWR
QHXWUDOOLSLGVJO\FROLSLGVDQGSKRVSKROLSLGVRQDVLO
LFD DFLG 8QLVLO &ODUNVRQ &KHPLFDO&R :LO
OLDPVSRUW3D FROXPQE\FRQVHFXWLYHHOXWLRQZLWK
FKORURIRUPDFHWRQHDQGPHWKDQROUHVSHFWLYHO\7KH
SKRVSKROLSLGV ZHUH VXEMHFWHG WR D PLOG DONDOLQH
PHWKDQRO\VLV ZKLFK \LHOGV WKH PHWK\OHVWHUV RI HV
WHU±OLQNHG IDWW\ DFLGV )$0(V  DQG WKHQ 3/)$V
VDPSOHV ZHUH SUHVHUYHG LQ  & XQWLO DQDO\VLV
)$0(VZHUHDQDO\]HGE\JDVFKURPDWRJUDSK\ *& 
DQGLGHQWLILHGXVLQJWKH6KHUORFN0LFURELDO,GHQWLIL
FDWLRQ 6\VWHP ,W FRQVLVWHG RI D $ 6HULHV *&
$JLOHQW7HFKQRORJLHV3DOR$OWR&$ DIODPHLRQL
]DWLRQGHWHFWRUHTXLSSHGZLWKDQ8OWUDFROXPQ 
PP,'XPILOP DQGDFRPSXWHUDQGDV
VRFLDWHG VRIWZDUH 6KHUORFN 3DWWHUQ 5HFRJQLWLRQ
6RIWZDUH0,',1HZDUN'( 

RESULTS
6RLO SK\VLFRFKHPLFDO SDUDPHWHUV $OO WKH
VDPSOLQJVLWHVH[WHQGHGDORQJDNPUDQJHLQODW
LWXGHIURP4LQJKDL/DNHLQWKHHDVWWRWKH<LOLSLQJ
DUHDLQWKHZHVWZLWKWKHPHDQDQQXDOSUHFLSLWDWLRQ
VLJQLILFDQWO\GHFUHDVLQJIURPHDVWWRZHVW1RVLJQLI
LFDQWGLIIHUHQFHVLQVRLOSDUDPHWHUVZHUHHYLGHQWLQ
HYHU\VRLOGHSWKZKHQFRPSDULQJYDOXHVIRU'HFHP
EHUDQG$XJXVWEXWWKHFKHPLFDOSURSHUWLHVRIVRLOV
IROORZHG D UHJXODU DQG JUDGXDOO\FKDQJLQJ WUHQG
DORQJWKHSUHFLSLWDWLRQJUDGLHQWLQWZRVHDVRQV 7D
EOH )RUH[DPSOHDORQJWKHSUHFLSLWDWLRQJUDGL
HQWIURPWKHGU\WRZHWVLWHVWKH72&71DQG:&
FRQWHQWLQWKHVXUIDFHOD\HU ±FP VLJQLILFDQWO\LQ
FUHDVHG IURP   DQG  LQ VWDQGV
ZLWKPP\URISUHFLSLWDWLRQLQWKHGHVHUWDUHDWR
DQGLQVWDQGVZLWKPRUHWKDQ
PP \URISUHFLSLWDWLRQ LQWKH DOSLQH PHDGRZ
HFRV\VWHP LQ ZLQWHU DQG YDULHG IURP  WR

6RLOSK\VLFDODQGFKHPLFDODQDO\VLVS+ZDV
PHDVXUHGDIWHUWKHDGGLWLRQRIP/ZDWHUWRJ
VRLO VKDNLQJ IRU  PLQ DQG VWDQGLQJ IRU  PLQ
VRLOZDWHU  VDUWRULXV 3%  6RLO WH[WXUH
FOD\VDQGVLOW SHUFHQWDJH  ZDV GHWHUPLQHG ZLWK D
0DOYHUQ0DVWHUVL]HUDQDO\VHUZLWKDPHDVXUH
PHQW UDQJH RI ± $P *UDYLPHWULF VRLO
PRLVWXUHZDVFDOFXODWHGRQIUHVKJVXEVDPSOHVDI
WHUGU\LQJLQD &RYHQIRUK7RWDOQLWURJHQ
ZDVGHWHUPLQHGE\.MHOGDKOGLJHVWLRQDQGTXDQWLILHG
XVLQJ D FRQWLQXRXV IORZ DQDO\VHU 72& ZDV PHDV
XUHGZLWKD72&DQDO\VHU 72&9&3+6KLPDG]X
-DSDQ 
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IURPWRLQVXPPHU PHDQ  GXHWRWKH
SUHVHQFHRIFDUERQDWHVS+ FKDQJHGIURPWR
LQZLQWHU PHDQ  7KHWH[WXUHRIWKHVRLOV
ZDV JHQHUDOO\ GRPLQDWHG E\ VLOW DQG VDQG ZLWK D
PHDQYDOXHH[FHHGLQJ 7DEOH 

IURPWRDQGIURPWR
 UHVSHFWLYHO\ LQ WKH VXPPHU$ VLPLODU LQ
FUHDVLQJWUHQGZDVIRXQGLQWKHVRLOSURILOHVIURPWKH
±±DQG ± FPGHSWKVLQWZRVHDVRQV
7KHS+RIWKHVRLOVUHPDLQHGUHODWLYHO\FRQVWDQWZLWK
0$3 DORQJ WKH SUHFLSLWDWLRQ JUDGLHQW S+ FKDQJHG

7$%/(
6RLOSK\VLFRFKHPLFDOSURSHUWLHVRIVXPPHU
Sample site

soil depth
(cm)

TOC
(%)

TON
(%)

C/N

Moisture
(%)

pH

clay
(%)

silt
(%)

sand
(%)

1

0-5
5-10
10-20
20-40

4.442
4.025
3.478
2.806

0.672
0.523
0.417
0.343






24.635
20.369
14.505
17.898

7.87
8.96
8.10
8.13

4.01
5.39
5.28
5.02

50.49
53.84
74.47
52.78

45.50
40.77
20.25
42.20

2

0-5
5-10
10-20
20-40

2.725
2.219
2.107
1.798

0.236
0.154
0.154
0.546






16.453
12.553
12.276
10.836

8.52
7.93
8.33
8.11

4.54
2.92
2.87
2.92

47.97
34.74
32.55
35.87

47.49
62.34
64.58
61.21

3

0-5
5-10
10-20
20-40

3.929
3.491
3.127
2.184

0.656
0.582
0.488
0.351






27.888
20.591
14.322
12.447

7.61
7.89
8.14
8.11

5.57
4.72
6.83
6.23

57.78
55.65
64.43
59.17

36.65
39.63
28.74
34.60

4

0-5
5-10
10-20
20-40

3.503
5.034
3.224
2.128

0.654
1.082
1.070
0.422






48.435
59.103
55.720
33.018

9.23
9.16
9.09
9.19

1.57
2.84
0.96
1.43

58.31
39.93
74.49
69.16

40.12
57.23
24.55
29.41

5

0-5
5-10
10-20
20-40

8.755
9.012
5.831
4.058

1.116
1.062
0.753
0.546






42.633
44.508
31.599
31.594

7.66
7.55
8.01
7.89

1.48
3.55
5.48
4.10

59.85
71.85
77.97
77.61

38.67
24.60
16.55
18.29

6

0-5
5-10
10-20
20-40

0.739
0.853
1.038
0.645

0.140
0.144
0.130
0.120






10.747
12.396
14.525
13.944

8.31
8.10
8.13
8.37

2.32
1.72
2.62
3.37

74.56
72.93
78.62
70.95

23.12
25.35
18.76
25.68

7

0-5
5-10
10-20
20-40

0.467
0.342
0.573
0.248

0.018
0.011
0.022
0.022






0.137
0.496
1.101
1.196

8.72
8.57
8.84
8.41

0
0
0
0

11.56
6.41
9.59
6.13

88.44
93.59
90.41
93.87

8

0-5
5-10
10-20
20-40

0.174
0.213
0.152
0.191

0.039
0.031
0.031
0.031






0.171
0.540
2.077
2.287

8.01
8.28
8.19
8.23

0.97
0.83
1.40
0.91

33.08
24.39
31.36
28.31

65.95
74.78
67.24
70.78

20

0-5
5-10
10-20
20-40

0.076
0.082
0.464
0.364

0.002
0.024
0.059
0.071






1.971
2.031
4.312
5.632

8.83
9.18
9.14
9.25

0.13
0.84
0.94
2.29

10.14
15.25
44.54
63.05

89.73
83.91
44.52
34.66

21

0-5
5-10
10-20
20-40

5.155
9.312
11.874
10.120

1.323
1.104
1.628
1.328






44.419
54.397
61.013
54.390

7.68
7.29
6.79
7.27

2.28
1.62
0.99
3.26

57.58
57.85
51.06
68.42

40.14
40.53
47.95
28.32

22

0-5
5-10
10-20
20-40

4.868
4.575
4.049
4.054

0.688
0.620
0.511
0.529






29.207
27.622
24.738
26.127

7.87
7.77
8.04
8.32

2.62
4.75
4.41
3.94

64.91
64.30
63.19
60.66

31.47
30.95
32.40
35.40

23

0-5
5-10
10-20
20-40

3.298
3.580
2.027
1.880

0.556
0.423
0.320
0.271






12.098
14.637
13.023
13.362

7.52
8.71
8.51
8.54

6.94
8.16
7.25
7.24

76.82
73.77
77.24
74.01

16.24
18.07
15.51
18.75
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7$%/(
6RLOSK\VLFRFKHPLFDOSURSHUWLHVRIZLQWHU
Sample site

1

2

3

4

5

6

7

8

20

21

22

23

soil depth
(cm)
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40
0-5
5-10
10-20
20-40

TOC
(%)

















































TON
(%)

















































&1














8.13
8.31
9.72
9.40
9.24
9.22








5.33
6.90
5.59
6.47
4.43
5.68
8.14
6.40
6.27
5.97
3.68
3.11
7.21
7.31
6.97
6.84
5.49
5.75
6.27
6.48
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(%)
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sand
(%)
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JUDPSRVLWLYHEDFWHULDDQGDFWLQRP\FHWHELRPDVVLQ
VXPPHUZHUHVLJQLILFDQWO\KLJKHUWKDQWKDWLQZLQWHU
LQDOOVRLOGHSWKV)XQJLDQGJUDPQHJDWLYHEDFWHULD
ELRPDVVZHUHQRWVHQVLWLYHWRVHDVRQDOFKDQJHV0L
FURELDOELRPDVVKDGDVLPLODUYDU\LQJWHQGHQF\ZLWK
LQFUHDVLQJVRLOGHSWKLQ VXPPHUDQG ZLQWHU ZKLFK
ZDVGHFUHDVHGDVVRLOGHSWKLQFUHDVHGHVSHFLDOO\WKH
JUDPQHJDWLYHEDFWHULDDQGIXQJLELRPDVV
0LFURELDO ELRPDVV LQFUHDVHG DV PHDQ DQQXDO
SUHFLSLWDWLRQLQFUHDVHG+RZHYHUPHDQDQQXDOSUH
FLSLWDWLRQKDGYDULRXVHIIHFWVRQPLFURELDOFRPPX
QLWLHVLQGLIIHUHQWVHDVRQV,QZLQWHUWKHVRLOPLFUR
ELDOFRPPXQLW\VWUXFWXUHVZHUHRQO\VWURQJO\SRVL
WLYHO\FRUUHODWHGZLWK0$3LQWKHVXUIDFHVRLO ±
FP  7KH\ ZHUH QRW VLJQLILFDQWO\ FRUUHODWHG ZLWK
0$3LQWKH±FPVRLO 7DEOH ,QVXPPHUSUH
FLSLWDWLRQKDGDVLJQLILFDQWLPSDFWRQVRLOPLFURELDO
FRPPXQLWLHV DW IRXU VRLO GHSWKV EXW RQO\ DIIHFWHG
EDFWHULD JUDPSRVLWLYH JUDPQHJDWLYH DQG DFWLQR
P\FHWHVWKHSUHFLSLWDWLRQZDVQRWVLJQLILFDQWO\FRU
UHODWHGZLWKIXQJLLQVXPPHUZKHQFRPSDUHGWRWKDW
LQZLQWHU7KHUHODWLRQVKLSEHWZHHQSUHFLSLWDWLRQDQG
VRLO PLFURELDO FRPPXQLW\ VWUXFWXUH LQ ZLQWHU ZDV
VWURQJHUWKDQWKDWLQVXPPHU 7DEOH *UDPSRVL
WLYHEDFWHULDJUDPQHJDWLYHEDFWHULDDQGDFWLQRP\
FHWHVDOZD\VKDGWKHVDPHWUHQGZLWKWKHEDFWHULDEL
RPDVVWKH\ZHUHVLJQLILFDQWO\LQFUHDVHGLQWKHVXP
PHU&RPSDUHGZLWK0$30$7KDGQRVLJQLILFDQW
FRUUHODWLRQ ZLWK VRLO PLFURELDO FRPPXQLWLHV
S! 

72&71FRQWHQWDQG&1UDWLRDOOGHFUHDVHG
ZLWKLQFUHDVLQJVRLOGHSWKDWDOOVLWHVZLWKUHODWLYHO\
ODUJHDPRXQWVRIRUJDQLFPDWWHU&DQG1LQWKHWRS
±FPOD\HUDQGORZHU72&FRQWHQWDQG71LQWKH
WKUHHORZHUOD\HUVLQWZRVHDVRQV S ,QJHQ
HUDOVRLOSK\VLFRFKHPLFDOSURSHUWLHVKDGQRVLJQLIL
FDQW FKDQJHV EHWZHHQ VXPPHU DQG ZLQWHU EXW WKH
WHQGHQF\ZDVFOHDUDQGODUJHGLIIHUHQFHVDPRQJWKH
VRLOV
0LFURELDO ELRPDVV DQG FRPPXQLW\ VWUXF
WXUH 0LFURELDO ELRPDVV LQ VXPPHU ZDV VLJQLIL
FDQWO\KLJKHUWKDQLQZLQWHUZKLFKVXJJHVWVWKDWYDU
LRXVVHDVRQVKDGDVLJQLILFDQWHIIHFWRQPLFURELDOEL
RPDVV 7DEOH 7KHEDFWHULDELRPDVVZDVLQFUHDVHG
DQDYHUDJHRIWLPHVLQVXPPHUZKHQFRPSDUHG
WRZLQWHU*UDPSRVLWLYHEDFWHULDDQGDFWLQRP\FHWH
ELRPDVV ZHUH LQFUHDVHG DQ DYHUDJH RI  DQG 
WLPHV LQ VXPPHU ZKHQ FRPSDUHG WR ZLQWHU +RZ
HYHUIXQJLDQGJUDPQHJDWLYHEDFWHULDELRPDVVGLG
QRWVLJQLILFDQWO\FKDQJHRYHUGLIIHUHQWVHDVRQV%RWK
LQVXPPHUDQGZLQWHUPLFURELDOFRPPXQLWLHVLQWKH
VHPLDULG DQG DULG VRLOV ZHUH GRPLQDWHG E\ JUDP
QHJDWLYHEDFWHULD7KHKLJKHVWUHODWLYHDEXQGDQFHRI
JUDPQHJDWLYHEDFWHULDZDVREVHUYHGLQWKHVHPLDULG
DQG DULG HFRV\VWHPV FRPSDUHG WR WKH RWKHU WKUHH
W\SHVRIPLFUREHVDQGZDVDFFRPSDQLHGE\DORZHU
UHODWLYHDEXQGDQFHRIDFWLQRP\FHWHEDFWHULDDQGWKH
ORZHVWDEXQGDQFHRIIXQJLELRPDUNHUV)XUWKHUYDU
LRXVVHDVRQV KDGVLPLODUHIIHFWVRQ PLFURELDOFRP
PXQLWLHV DW GLIIHUHQW VRLO GHSWKV )LJ   %DFWHULD

7$%/(
6LJQLILFDQWGLIIHUHQFHDQDO\VLVRIPLFURELDOFRPPXQLW\VWUXFWXUHEHWZHHQVXPPHUDQGZLQWHU
0LFURELDO
FRPPXQLWLHV
%DFWHULD

)XQJL

$FWLQRP\FHWH

*

*

6RLOGHSWK

ORZHU

XSSHU

W

GI

3

FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP
FP










































































































6564

© by PSP

Volume 26 ± No. 11/2017 pages 6559-6570

Fresenius Environmental Bulletin

),*85(
7RWDOSKRVSKROLSLGIDWW\DFLG 3/)$ ELRPDVVHVIRULQGLFDWRUVXEJURXSVRIEDFWHULD $ IXQJL % 
*UDPSRVLWLYHEDFWHULD & *UDPQHJDWLYHEDFWHULD ' DQG$FWLQRP\FHWHV ( DWFPFP
FPDQGFPGHSWKVRLODORQJWKHPHDQDQQXDOSUHFLSLWDWLRQJUDGLHQWLQVXPPHUDQGZLQWHU
7$%/(
&RUUHODWLRQFRHIILHQWV U EHWZHHQVRLOPLFURELDOFRPPXQLWLHVDQGPHDQDQQXDOSUHFLSLWDWLRQLQGLIIHUHQW
GHSWKVLQZLQWHU
'HSWK ZLQWHU
FP
FP
FP
FP

%DFWHULD





)XQJL





*





*





$FWLQRP\FHWH





7$%/(
&RUUHODWLRQFRHIILHQWV U EHWZHHQVRLOPLFURELDOFRPPXQLWLHVDQGPHDQDQQXDOSUHFLSLWDWLRQLQGLIIHUHQW
GHSWKVLQVXPPHU
'HSWK VXPPHU
FP
FP
FP
FP

%DFWHULD





)XQJL
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),*85(
5HGXQGDQF\DQDO\VLV 5'$ RUGLQDWLRQELSORW 5'$YV5'$ RIVRLO3/)$VDQGVRLOSK\VLFRFKHPL
FDOIDFWRUV72&²WRWDORUJDQLFFDUERQ71²WRWDOQLWURJHQ&1²WRWDORUJDQLFFDUERQWRWDOQLWURJHQ
ZLWK PRLVWXUH VLOW DQG &1 UDWLR ZF
0HDQG0HZHUHLQIOXHQFHGE\SUHFLS
LWDWLRQ PRVW LQ WKLV VRLO GHSWK ZKLOH ZF
ZFDQG&ZHUHLQIOXHQFHGPRVWE\PRLV
WXUH,QZLQWHUWKHWZRD[HVDFFRXQWHGIRURI
WKHYDULDWLRQLQWKH±FPVRLOGHSWK$OOWKH3/)$V
ZHUHIRXQGWRWKHULJKWDQGZHUHVWURQJO\LQIOXHQFHG
E\SUHFLSLWDWLRQDQGPRLVWXUH3UHFLSLWDWLRQDOVRZDV
VWURQJO\FRUUHODWHGZLWKWKH[D[LVDQGZDVVWURQJO\

5HGXQGDQF\ DQDO\VLV $OO RI WKH LQGLYLGXDO
SKRVSKROLSLGIDWW\DFLGVLQHYHU\VLWHDQGDOOHQYLURQ
PHQWDO IDFWRUV ZHUH XVHG IRU 5'$ LQ WZR VHDVRQV
)LJ 0HDQDQQXDOSUHFLSLWDWLRQKDGGLIIHUHQWHI
IHFWVRQ3/)$VLQWZRVHDVRQV
,QVXPPHUWKHWZRD[HVDFFRXQWHGIRU
RIWKH YDULDWLRQ LQWKH VRLO IURP WKH ±FPGHSWK
3UHFLSLWDWLRQDQGPRLVWXUHZHUHVWURQJO\FRUUHODWHG
ZLWKWKH[D[LVSUHFLSLWDWLRQZDVVWURQJO\FRUUHODWHG
6566
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UHODWHG WR PRLVWXUH DW WKLV VRLO GHSWK &
0H & DQG ZF ZHUH LQIOXHQFHG
PRVWE\SUHFLSLWDWLRQ
,QWKH±FPVRLOGHSWKLQVXPPHUSUHFLSLWD
WLRQDIIHFWHGWKHDFWLQRP\FHWHVDQGVRPHJUDPSRV
LWLYHEDFWHULDVXFKDVLLLDD
DQG0H7KHILUVWD[LVDFFRXQWHGIRURI
WKHYDULDWLRQDWWKLVVRLOGHSWK7KHSUHFLSLWDWLRQDQG
WHPSHUDWXUHZHUHVWURQJO\FRUUHODWHGZLWKWKH[D[LV
*UDPSRVLWLYHEDFWHULDZHUHSDUWLFXODUO\VHQVLWLYHWR
SUHFLSLWDWLRQDWWKH ±FPVRLOGHSWK ZKLFK ZDV
WKHUHDVRQWKDWPLFURELDOELRPDVVZDVKLJKHULQWKH
VXPPHU WKDQ LQ WKH ZLQWHU ZKLFK ZDV FRQVLVWHQW
ZLWK WKH DFWXDO GDWD *UDPQHJDWLYH EDFWHULD DQG
IXQJL ZHUH DIIHFWHG E\ YHJHWDWLRQ PRVW LQ WKLV VRLO
GHSWKLQ VXPPHU,QWKH VDPHVRLOGHSWKLQ ZLQWHU
SUHFLSLWDWLRQ DOVR DIIHFWHG WKH DFWLQRP\FHWHV DQG
VRPH JUDPSRVLWLYH EDFWHULD VXFK DV L L
DLLDLDQG0H7KH
WZRD[HVDFFRXQWHGIRURIWKHYDULDWLRQ3UH
FLSLWDWLRQDQGPRLVWXUHZHUHVWURQJO\FRUUHODWHGZLWK
WKH[D[LV
7KHUHZDVOLWWOHGLIIHUHQFHEHWZHHQ±DQG
±FPVRLOGHSWKVLQWKHVXPPHUWKHWZRD[HVDF
FRXQWHGIRURIWKHYDULDWLRQDW±FPVRLO
GHSWK 3UHFLSLWDWLRQ ZDV VWURQJO\ FRUUHODWHG ZLWK
PRLVWXUHVLOWDQGPRLVWXUHDQGWKH\ZHUHKLJKO\UH
ODWHGWRWKH\D[LV7KHSUHFLSLWDWLRQDIIHFWHGDFWLQR
P\FHWHV DQG VRPH JUDPQHJDWLYH EDFWHULD VXFK DV
0H&ZFZFDQGZF
,Q WKH VDPH VRLO GHSWK LQ ZLQWHU DOO RI WKH 3/)$V
ZHUH IRXQG WR WKH ULJKW H[FHSW D 3UHFLSLWDWLRQ
VOLJKWO\ DIIHFWHG JUDPSRVLWLYH EDFWHULD VXFK DV
D DQG L3UHFLSLWDWLRQ KDG QR HIIHFW RQ WKH
VRLO PLFURELDO FRPPXQLW\ ZKLFK ZDV FRQVLVWHQW
ZLWKWKHUHVXOWRID3HDUVRQFRUUHODWLRQDQDO\VLV 7D
EOH 0RLVWXUHZDVVWURQJO\FRUUHODWHGZLWKWKH[
D[LVDQGPRVWRIWKH3/)$VZHUHDIIHFWHGE\PRLV
WXUHDWWKLVVRLOGHSWK
,QWKH±FPVRLOGHSWKLQWKHVXPPHUSUH
FLSLWDWLRQ DIIHFWHG WKH DFWLQRP\FHWHV DQG VRPH
JUDPSRVLWLYH EDFWHULD VXFK DV D D
0HDQG0H$WWKLVVRLOGHSWKS+ZDV
KLJKO\UHODWHGWRSUHFLSLWDWLRQWHPSHUDWXUHDQG&1
UDWLRZKLFKDOODIIHFWHGJUDPQHJDWLYHEDFWHULDDQG
IXQJL0RLVWXUHZDVVWURQJO\FRUUHODWHGZLWKYHJHWD
WLRQDQGVLOW7KHILUVWD[LVDFFRXQWHGIRURI
WKH YDULDWLRQ DQG WKH VHFRQG D[LV DFFRXQWHG IRU
RIWKH YDULDWLRQ,Q ZLQWHUWKH WZRD[HVDF
FRXQWHGIRURIWKHYDULDWLRQLQWKH±FP
VRLOGHSWK'LVVLPLODUWRWKHVXPPHUVRLODOO3/)$V
ZHUHIRXQGWRXSDQGDOOIDFWRUV H[FHSWYHJHWDWLRQ
DQGWHPSHUDWXUH ZHUHIRXQGWRGRZQ3UHFLSLWDWLRQ
DIIHFWHGRQO\DIHZJUDPSRVLWLYHEDFWHULDZKLFKLV
VLPLODUWRWKH±FPVRLOGHSWK
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DISCUSSION
6HDVRQDO HIIHFWV RQ VRLO PLFURELDO FRPPX
QLW\ VWUXFWXUH DORQJ WKH SUHFLSLWDWLRQ JUDGLHQW
7KHQRUWKHDVWHUQSDUWRIWKH7LEHWDQ3ODWHDXLVDW\S
LFDO FRQWLQHQWDO FOLPDWH ZLWK DOSLQH GURXJKW DQG LV
LQIOXHQFHG E\ WKH VRXWKHDVW DQG VRXWKZHVW PRQ
VRRQDQGZHVWHUO\FLUFXODWLRQ7KHPHDQDQQXDOSUH
FLSLWDWLRQLVPDLQO\FRQFHQWUDWHGLQWKHVXPPHUDQG
WKHUHLVDQDWXUDOUDLQIDOOJUDGLHQWIURPHDVWWRZHVW
$FKDQJHLQUDLQIDOOIUHTXHQF\DQGDPRXQWPD\KDYH
VHULRXVLPSOLFDWLRQVIRURWKHUHQYLURQPHQWDOIDFWRUV
VXFKDVVRLOZDWHUYHJHWDWLRQDQGVDOLQLW\7KHVRLO¶V
PLFURELDOFRPPXQLW\VWUXFWXUHDQGDFWLYLW\ZHUHDI
IHFWHGE\SUHFLSLWDWLRQHYHQWVUHJDUGOHVVRIWKHVHD
VRQ
/RYHOO>@VXJJHVWHGWKDWGLIIHUHQFHVLQVRLOPL
FURELDO ELRPDVV ZHUH DVVRFLDWHG ZLWK FKDQJHV LQ
FRPPXQLW\ VWUXFWXUH SDUWLFXODUO\ WKH UHODWLYH SUR
SRUWLRQRIEDFWHULDDQGIXQJL5HJDUGOHVVRIWKHVHD
VRQWKH EDFWHULDELRPDVV ZDVSRVLWLYHO\FRUUHODWHG
ZLWKPHDQDQQXDOSUHFLSLWDWLRQLQWKH±FPVRLO
GHSWK S 7KHELRPDVVHVRIJUDPSRVLWLYHEDF
WHULD JUDPQHJDWLYH EDFWHULD DQG DFWLQRP\FHWHV
ZHUHSRVLWLYHO\FRUUHODWHGZLWKPHDQDQQXDOSUHFLS
LWDWLRQDWWKLVVRLOGHSWK7KLVZDVVLPLODUWR 6WHLQ
EHUJHU >@ ZKR IRXQG WKDW PLFURELDO ELRPDVV ZDV
KLJKO\ SRVLWLYHO\ UHODWHG WR PHDQ DQQXDO SUHFLSLWD
WLRQ LQ VXUIDFH VRLO LQ WKH -XGHDQ 'HVHUW ZKLFK
SURYHGWKDWSUHFLSLWDWLRQZDVDYHU\LPSRUWDQWIDFWRU
LQ DIIHFWLQJ PLFURELDO FRPPXQLWLHV +RZHYHU WKH
PLFURELDO ELRPDVV LQ VXPPHU ZDV VLJQLILFDQWO\
KLJKHUWKDQLQZLQWHU7KHVXPPHUELRPDVVZDVRQ
DYHUDJHWLPHVWKDWRIWKHZLQWHU7KHPDMRULQ
FUHDVH RFFXUUHG LQ WKH ELRPDVV RI EDFWHULD ZKLFK
ZDVGXHWRUHVRXUFHDYDLODELOLW\EHLQJJUHDWHULQWKH
VXPPHU 7KHUH ZDV PRUH UHVRXUFH DYDLODELOLW\ IRU
JUDPSRVLWLYH DQG QHJDWLYH EDFWHULD LQ VXPPHU ,W
ZDVWKHVHPLDULGDUHDWKDWWKHPLFURELDOFRPPXQLW\
VWUXFWXUHZDVDIIHFWE\SUHFLSLWDWLRQLQWKHVRLO)LJ
XUHLQGLFDWHVWKDWVRPHSRWHQWLDOPLFUREHVZRXOG
UHVSRQG WR SUHFLSLWDWLRQ UDSLGO\ /DQGHVPDQ >@
DOVRVKRZHGWKDWPLFUREHVZHUHVHQVLWLYHWRVRLOGU\
LQJ EXW ZHUH KLJKO\ UHVLOLHQW UHFRYHULQJ ZLWKLQ
KRXUV RU GD\V RI D UDLQ HYHQW$OWKRXJK IXQJL ELR
PDVVLQFUHDVHGRQDYHUDJHE\WLPHVLQWKHVXP
PHU VHDVRQDO FKDQJH KDG QR VLJQLILFDQW HIIHFW RQ
IXQJL ELRPDVV S!  7KLV FRXOG H[SODLQ ZK\
IXQJLIDYRXUDFLGLFVRLO S+ DQGXVHVXEVWUDWHV
RIZLGHU&1UDWLRVWKDQEDFWHULD>@7KHUHZDVQR
VLJQLILFDQW FKDQJH LQ VRLO S+ DQG &1 UDWLR DQG
IXQJLELRPDVVGLGQRWVLJQLILFDQWO\FKDQJHLQVXP
PHU RU ZLQWHU +RZHYHU PRUH SUHFLSLWDWLRQ LQ
FUHDVHGWKHYDOLGLW\RIVXEVWUDWHVDQGUHVRXUFHDYDLO
DELOLW\ LQ VXPPHU ZKLFK OHG WR DQ LQFUHDVH LQ WKH
IXQJLELRPDVV
0LFURELDOFRPPXQLW\VWUXFWXUHZDVGRPLQDWHG
E\JUDPQHJDWLYHEDFWHULDLQWKH ZLQWHUDQGJUDP
SRVLWLYHEDFWHULDUDSLGO\JUHZLQWKHVXPPHU$QDY
HUDJHELRPDVVRIJUDPSRVLWLYHEDFWHULDLQFUHDVHGWR
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HYHUSUHFLSLWDWLRQKDGDVLJQLILFDQWHIIHFWRQVRLOPL
FURELDO FRPPXQLWLHV LQ ± FP VRLO GHSWKV RQO\
PDLQDIIHFWHGWKHEDFWHULDDQGIXQJLELRPDVVLQZLQ
WHU7KLVFDQSHUKDSVH[SODLQWKDWDOWKRXJKSUHFLSL
WDWLRQPD\SHQHWUDWHWRGHHSHUVRLOGHSWKVTXLFNO\WR
IXUWKHUDIIHFWWKHVRLOPLFURELDOFRPPXQLW\LQVXP
PHUSUHFLSLWDWLRQDIIHFWVWKHVXUIDFHVRLOPRUHVRLQ
WKHORQJWHUPHVSHFLDOO\DVSUHFLSLWDWLRQRQO\H[LVWV
LQWKHIRUPRIVQRZLQZLQWHUZKLFKGRHVQRWSHQH
WUDWH LQWR WKH GHHS VRLO$ ERXQGDU\ PD\ H[LVW WKDW
VHSDUDWHVDIIHFWHGDQG XQDIIHFWHGVRLOE\SUHFLSLWD
WLRQLWLVPRVWOLNHO\DURXQGFPLQWKHZLQWHU7KH
ERXQGDU\ZDVGHHSHULQWKHVXPPHUEHFDXVHWKHSUH
FLSLWDWLRQZDVHYHQPRUHFRQFHQWUDWHGDQGJUHDWHUDW
WKLVWLPH+RZHYHUZHIRXQGWKDWIXQJLGLGQRWVLJ
QLILFDQWO\ FRUUHODWH ZLWK SUHFLSLWDWLRQ DW IRXU VRLO
GHSWKV ±FP LQVXPPHUEXWVLJQLILFDQWO\FRUUH
ODWHGZLWKSUHFLSLWDWLRQLQ±FPVDPSOHVLQZLQ
WHU7KLVVXJJHVWVWKDWIXQJLZHUHQRWVHQVLWLYHWRSUH
FLSLWDWLRQLQDULGDQGVHPLDULGDUHDVDQGWKDWWKHUH
ZDVD VORZUHVSRQVH WRSUHFLSLWDWLRQLQ WKH VXUIDFH
VRLORUWKHSUHFLSLWDWLRQZDVQRWWKHPRVWLPSRUWDQW
IDFWRU WKDW DIIHFWHG IXQJL ELRPDVV 7KLV FRQWUDVWV
<XVWH >@ ZKR VKRZHG WKDW IXQJL UHVSRQGHG GL
UHFWO\WRUDLQIDOOOHYHOVZLWKPRUHDEXQGDQWGLYHUVH
DQG FRQVLVWHQW FRPPXQLWLHV SUHGRPLQDWLQJ XQGHU
GURXJKW FRQGLWLRQV DQG OHVV DEXQGDQW OHVV GLYHUVH
DQG PRUH YDULDEOH FRPPXQLWLHV HPHUJLQJ GXULQJ
ZHWWHUSHULRGVDQGLQUDLQDGGLWLRQWUHDWPHQWV+RZ
HYHUFXUUHQWHYLGHQFHIRUIXQJDOUHVSRQVHWRPRLV
WXUHLVHTXLYRFDO:LWKLQLQGLYLGXDOVLWHVP\FRUUKL
]DOK\SKDHLQVRLODQGURRWVKDYHEHHQVKRZQWRLQ
FUHDVHGHFUHDVHRUUHPDLQXQFKDQJHGLQUHVSRQVHWR
GURXJKW>±@&RPSRVLWLRQWXUQRYHULQWKHIXQJDO
FRPPXQLW\PD\DOVRRFFXULIGLIIHUHQWIXQJLDUHEHW
WHUDWJURZLQJXQGHUOLPLWHGRURSWLPDOZDWHUFRQGL
WLRQV7KH5'$UHYHDOHGWKDWZF VDSURSK\WLF
IXQJL ZHUHVWURQJO\FRUUHODWHGZLWKYHJHWDWLRQDQG
Z P\FRUUKL]DO IXQJL  DQG ZF VDSUR
SK\WLFIXQJL ZHUHVWURQJO\FRUUHODWHGZLWKYHJHWD
WLRQLQVXPPHU )LJ 3ODQWFRPPXQLW\FRPSRVL
WLRQ GLYHUVLW\ DQG SURGXFWLYLW\ FRXOG LPSDFW ERWK
P\FRUUKL]DO DQG VDSURSK\WLF IXQJL DQG GLIIHUHQW
SODQW VSHFLHV FRXOG KRVW GLVWLQFW P\FRUUKL]DO FRP
PXQLWLHV>@6DSURSK\WLFIXQJLFDQDOVREHDIIHFWHG
E\ FKDQJHV LQ WKH SODQW FRPPXQLW\ WKDW DIIHFW UH
VRXUFHDYDLODELOLW\VXFKDVVXEVWUDWHLQSXWDQGFKHP
LFDOFKDUDFWHULVWLFV>@
'HSWKLQIOXHQFHVPLFURELDOFRPPXQLW\FRPSR
VLWLRQEHFDXVHUHVRXUFHLQSXWLVKLJKO\VWUDWLILHGHQ
WHULQJWKHV\VWHPHLWKHUDWRUFORVHWRWKHVRLOVXUIDFH
WKXVUHVRXUFHDYDLODELOLW\GHFOLQHV VWHHSO\ ZLWKLQ
FUHDVLQJ GHSWK >@$OOLVRQ >@ UHYHDOHG WKDW WKH
FRPPXQLW\FRPSRVLWLRQLQVXUIDFHVRLOVDQGLQDQLQ
WHJUDWHG VRLO FROXPQ UHYHDOHG WKH VDPH SDWWHUQ RI
FKDQJHZLWKWLPHDQGZHUHKLJKO\SRVLWLYHO\FRUUH
ODWHG7KHVHUHVXOWVDUHLQDJUHHPHQWZLWKRXUVWXG\
5HJDUGOHVVRIVHDVRQEDFWHULDDQGIXQJLELRPDVVDQG
IXQJLEDFWHULDUDWLRVKRZHGQRVLJQLILFDQWFKDQJHVLQ
IRXUVRLOGHSWKVLQODQGVFDSHSDWWHUQVKRZHYHUWKH

QPROJIURPQPROJDQGJUDPQHJDWLYH
EDFWHULDLQFUHDVHGIURPQPROJWRQPROJ
7KLVVKLIWLQPLFURELDOFRPPXQLW\VWUXFWXUHPD\EH
DWWULEXWHGWRFKDQJHVRFFXUULQJLQWKHVRLODVWKHPL
FURRUJDQLVPV KDYH WKH DELOLW\ WR TXLFNO\ DGDSW WR
FKDQJHVLQWKHHQYLURQPHQW$OWKRXJKFKDQJHVLQWKH
PLFURELDO FRPPXQLW\ VWUXFWXUH PD\ EH FDXVHG E\
SK\VLFDO FKHPLFDO DQG ELRORJLFDO IDFWRUV WKLV W\SH
RI FKDQJH ZDV F\FOLF LQ QDWXUH DQG ZDV FDXVHG E\
VHDVRQDOFKDQJHVLQDELRWLFIDFWRUV SUHFLSLWDWLRQLQ
WKLVDULGDQGVHPLDULGDUHD *UDPQHJDWLYHEDFWHULD
KDYH EHHQ REVHUYHG WR LQFUHDVH DV RUJDQLF PDWWHU
FRQWHQW LQFUHDVHG DQG ZKHUH VXEVWUDWHV DUH KLJKO\
DYDLODEOH DQG GHFUHDVH LQ DQDHURELF FRQGLWLRQV
*UDPSRVLWLYH EDFWHULD LQFUHDVHG LQ WKH DQDHURELF
HQYLURQPHQW >@ )XUWKHU JUDPQHJDWLYH EDFWHULD
DUHIDYRXUHGE\WKHLQSXWRIIUHVKRUJDQLFPDWHULDO
FRQYHUVHO\JUDPSRVLWLYHEDFWHULDXWLOLVHGPRUHUH
FDOFLWUDQW & FRPSRXQGV > @ 3UHFLSLWDWLRQ LQ
FUHDVHG VRLO RUJDQLF PDWWHU FRQWHQW DQG LPSURYHG
VXEVWUDWH DYDLODELOLW\ LQ WKH VXPPHU EXW DOVR LQ
FUHDVHG WKH DQDHURELF HQYLURQPHQW 2Q WKH RWKHU
KDQG +DOGHPDQ >@ UHSRUWHG WKDW WKH WXUQRYHU RI
WKHFKDUDFWHULVWLFIDWW\DFLGVRIJUDPSRVLWLYHEDFWH
ULDPLJKWEHKLJKHUDW&WKDQDW±&7KHPHDQ
DQQXDOWHPSHUDWXUHZDVEHORZ&LQZLQWHUDQGWKH
VRLOZDVDOPRVWIUR]HQWKXVORZWHPSHUDWXUHVVXS
SUHVVPLFURELDOJURZWKZKLFKZRXOGOHDGWROHVVPL
FURELDOELRPDVVFRPSDUHGWRVXPPHU
6HDVRQDO HIIHFWV RQ VRLO PLFURELDO FRPPX
QLW\ VWUXFWXUH DW GLIIHUHQW VRLO GHSWKV :KLOH WKH
VL]HRIWKHIXQJLELRPDVVLQWKHIRXUVRLOGHSWKVZDV
QRW GUDPDWLFDOO\ DIIHFWHG E\ WKH VHDVRQDO FKDQJHV
EDFWHULDELRPDVVLQWKHIRXUVRLOGHSWKVZDVVLJQLIL
FDQWO\ DIIHFWHG E\ WKH VHDVRQDO FKDQJHV 7DEOH  
7KLV FRQWUDVWV %OXPH >@ ZKR VKRZHG WKDW VHD
VRQDOFKDQJH KDGQRHIIHFWRQVRLOELRPDVVUHJDUG
OHVVRIVXUIDFHRUVXEVXUIDFHEXWKDGDODUJHHIIHFW
RQPLFURELDODFWLYLW\7KLVDOVRFRQWUDVWV+ROPHVDQG
=DF >@ ZKR VKRZHG WKDW VRLO PLFURELDO SRSXOD
WLRQV ZHUH VWDEOH LQ IRUHVW V\VWHPV +RZHYHU RXU
ILQGLQJVDUHVLPLODUWR2Q\HNZHOX>@ZKRVKRZHG
WKDWVHDVRQDOFKDQJHKDGDVLJQLILFDQWHIIHFWRQVRLO
PLFURELDOELRPDVVLQWZRVRLOGHSWKVZKHQVWXG\LQJ
VDPSOHVIURPSODQWDWLRQVRIVL[GLIIHUHQWDJHVGXULQJ
WKH UDLQ\ VHDVRQ GU\ VHDVRQ DQG WKHLU WUDQVLWLRQV
$OWKRXJK WKHUH ZDV QR VLJQLILFDQW FKDQJH LQ VRLO
SK\VLFDODQGFKHPLFDOSURSHUWLHVDYDLODEOHQXWULHQWV
LQFUHDVHGLQVXPPHUDQGWHPSHUDWXUHSUHFLSLWDWLRQ
DQGYHJHWDWLRQZHUHKLJKHULQVXPPHUWKDQLQZLQWHU
SURYLGLQJ DQ LGHDO HQYLURQPHQW IRU VRLO +RZHYHU
WKH FKDQJHV KDG YDULRXV HIIHFWV RQ DOO IRXU VRLO
GHSWKV
3UHFLSLWDWLRQ DIIHFWHG WKH VRLO PLFURELDO FRP
PXQLW\VWUXFWXUHDWGLIIHUHQWVRLOGHSWKVLQVXPPHU
DQGZLQWHU3UHFLSLWDWLRQKDGDVLJQLILFDQWHIIHFWRQ
VRLO PLFURELDOFRPPXQLWLHVLQ ±FPVRLOGHSWKV
LQVXPPHUPDLQDIIHFWHGWKHEDFWHULDELRPDVV+RZ
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)HUWLOLW\RI6RLOV
[13] 'LQJ * 1RYDN -0$PDUDVLULZDUGHQD '
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WHUFKDUDFWHULVWLFVDVDIIHFWHGE\WLOODJHPDQDJH
PHQW6RLO6FLHQFH6RFLHW\RI$PHULFD-RXUQDO

[14] )HQJ<0RWWD$&5HHYHV':%XUPHVWHU
&+YDQ6DQWHQ(2VERUQH-$  6RLO
PLFURELDO FRPPXQLWLHV XQGHU FRQYHQWLRQDOWLOO
DQGQRWLOOFRQWLQXRXVFRWWRQV\VWHPV6RLO%LRO
RJ\ %LRFKHPLVWU\
[15] +DOGHPDQ '/ $P\ 36 5LQJHOEHUJ '
:KLWH'&*DUHQ5(*KLRUVH:&  
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FURELRORJ\(FRORJ\
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WUHQGVUHYHDOHGLQWKHVXEVXUIDFHVRLOVZRXOGQRWHI
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CONCLUSIONS
,QFRQFOXVLRQVHDVRQDOFKDQJHVKDGDVLJQLIL
FDQWHIIHFWRQVRLOPLFURELDOFRPPXQLW\VWUXFWXUHV
DQGPDLQO\DIIHFWHGWKHEDFWHULDJUDPSRVLWLYHEDF
WHULDDQGDFWLQRP\FHWHDQGSUHFLSLWDWLRQKDGYDULRXV
HIIHFWV RQ VRLO PLFURELDO FRPPXQLW\ VWUXFWXUHV LQ
VXPPHU DQG ZLQWHU 7RWDO 3/)$ FRQFHQWUDWLRQ
ZKLFKLVLQGLFDWLYHRIPLFURELDOELRPDVVZDVKLJKHU
LQVXPPHUDQGORZHULQZLQWHU3UHFLSLWDWLRQKDGD
WHPSRUDU\ HIIHFW RQ VRLO PLFURELDO FRPPXQLWLHV LQ
VXPPHUZKLFKKDGDVLJQLILFDQWHIIHFWRQEDFWHULD
JUDPSRVLWLYH EDFWHULD JUDPQHJDWLYH EDFWHULD DQG
DFWLQRP\FHWH ELRPDVV EXW QR VLJQLILFDQW VHDVRQDO
HIIHFW RQ IXQJL ELRPDVV DW IRXU VRLO GHSWKV ±
FP ,QZLQWHUSUHFLSLWDWLRQKDGDORQJWHUPHIIHFW
RQVRLOPLFURELDOFRPPXQLWLHVDQGWKHEDFWHULDDQG
IXQJL 3/)$V ZHUH RQO\ VWURQJO\ SRVLWLYHO\ FRUUH
ODWHGZLWKSUHFLSLWDWLRQDWWKHVRLOVXUIDFH ±FP 
QRWZLWKSUHFLSLWDWLRQDW±FP )XUWKHUZRUNLV
UHTXLUHGDWWKH VSHFLHVDQGJHQXVOHYHOV ZLWK PRUH
VRLO VDPSOHV FRQVLGHULQJ PRUH HQYLURQPHQWDO IDF
WRUVWRH[DPLQHKRZPLFURELDOFRPPXQLW\VWUXFWXUHV
YDU\ELRJHRJUDSKLFDOO\
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A MODEL TO DESCRIBE THE NONLINEAR ADSORPTION
AND DESORPTION BEHAVIOR DURING THE PROCESS OF
CONTAMINANT TRANSPORT
Zhiguang Guo, Bing Bai*
School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China

soil, and the law of material migration under the action of human engineering [1-3].
A lot of works have been carried out on the process and mechanism of contaminant transport in porous media. The analytical solution of the solute
transport in a semi-infinite porous media was given
by using the Laplace and Fourier transform, which
considered the unidirectional steady seepage field
[4]. Wang et al. [5-6] proposed a mathematical
model for migration and deposition of contaminants
in porous media under short pulse injection, and the
parameters of the model were fitted by the soil column tests. Bai et al. [7] obtained the analytic solution
of solute transport in saturated semi-infinite porous
media by Laplace and Fourier transform. Altoe et al.
[8] discussed the mathematic model of deep pollutant migration and blockage of contaminant size,
which was also compared with the traditional model
through soil column tests. Using the software Modflow and considering the non-uniform groundwater
flow field, Cinzia and Luisa [9] simulated the migration process of far-field nuclides in the geological repository and discussed the influence of the distribution coefficient and hydraulic gradient. The intrinsic
parameters of Langmuir and Freundlich adsorption
isotherms was obtained through experiments and
discussed the application in predicting other experiments by Chung et al. [10]. Ashour et al. [11] proposed a new SOM model for simulating the interaction mechanism of influencing factors in the process
of contaminant transport in soil, and carried out molecular dynamics (MD) simulation and adsorption
experiment. Kavak [12] investigated the removal of
Cr(III) ions from aqueous solutions by adsorption
using the hazelnut shell (Corylus avellana) and designed a batch adsorber. Lagdsmand et al. [13] simulated the process of contaminant migration with
colloid during rainfall through indoor soil column
test. Bai et al. [14] investigated the effect of suspended particulate concentration on migration and
sedimentation characteristics in saturated porous
media by laboratory soil column tests.
In this work, a theoretical model describing the
nonlinear adsorption-desorption behavior of contaminant transport is proposed based on the tests of
suspended particulate column. This model takes into
account the non-linear variation of the adsorption
concentration with the solute concentration during

ABSTRACT
In this paper, a theoretical model to describe the
non-linear adsorption-desorption behavior of contaminant transport is proposed basing on the experiment of suspended particles penetrating soil column.
The model takes into account the non-linear variation of the adsorption concentration with the solute
concentration during the migration of pollutants. A
numerical examples is given to demonstrate the correctness of the model, which shows that the amount
of contaminant adsorbed and the peak value of the
breakthrough increases with the decrease of desorption equilibrium constant, however, the peak value
occurrence time is relatively lagged. The fitting results obtained by the least squares method are in
good agreement with the results of soil column penetration test. Results show that when the seepage velocity becomes smaller, the desorption equilibrium
coefficient gradually decreases and the adsorption
capacity increases gradually, while the adsorption
equilibrium coefficient changes little, at about 0.09
cm3/g. In addition, the concentration of injection and
the velocity of the percolation have little effect on
the dispersion. The dispersion of suspended particles
in saturated porous media is about 0.5 cm in the case
of short time injection.
.(<:25'6
FRQWDPLQDQW PLJUDWLRQ QRQOLQHDU DGVRUSWLRQGHVRUSWLRQ
VRLOFROXPQSHQHWUDWLRQWHVWSRURXVPHGLDPLJUDWLRQSUR
FHVVXQVWHDG\IORZ

,1752'8&7,21
In recent years, environmental issues have attracted increasing attention. Landfill of municipal
solid waste, exploitation of oil and natural gas, deep
disposal of nuclear waste and other engineering activities affect the environment to varying degrees.
Study on the migration characteristics of contaminant in porous media, which is an urgent problem to
be solved in environmental geotechnical engineering, has important significance in evaluating and predicting the permeability characteristics of rock and
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and desorption and is the equilibrium constant
kF when the model is the isothermal adsorption
model. For example, in the micro-cell ǻ9of arbitrarily position x=xi of Eq. (1) the equilibrium constant
kF decreases as the solute concentration C increases
(i.e., the adsorption capacity of the micro-cell ǻ9 decreases) during the adsorption process and equals
zero when the adsorption reaches saturation. Similarly, during the desorption process, the equilibrium
constant increases with the decrease of the solute
concentration (i.e., the adsorption capacity of the micro-cell ǻ9 gradually increases). Thus, an equilibrium coefficient kNF is defined which varies with the
solute concentration C, as shown in Fig. 1 and Eq.
(2).

the contaminant transport process, which is closer to
the actual process of pollutant migration. The correctness of the theory is verified by a numerical example, and the influence of relevant parameters on
the crossing process is also analyzed. The parameters
of the model were optimized by the method of least
square method based on the results of soil column
penetration test.

MODEL DESCRIPTION
Mathematical modelling. Under steady-state
and saturated flow conditions, the hydrodynamic
convection-dispersion equation in saturated porous
media considering the effect of adsorption (including
sedimentation) and desorption may be written as [14]
wC
w 2C
wC Ub wS
(1)
D 
u 
 
x

wx 2

x

wx

Adsorption concentration S

wt

Smax

n wt

Where C is the solute concentration in the liquid phase (MLí3), S is the adsorption concentration
which represents the mass of the adsorbed solute in
the solid mass per unit mass of the porous media
(MMí1), x is the displacement of contaminant
transport (L), t is the time of the migration process
(T), ux is the flow velocity of fluid in the porous media (LTí1) and Dx=Įx·ux where Įx is the hydrodynamic dispersion (L) [5-6], ȡb is the dry bulk density
(MLí3) and n is the porosity of the porous media.
For a simple linear Freundlich adsorption-desorption model [9-12], the relationship between adsorption concentration and solute concentration is
S=kF·C where kF is the equilibrium constant (L3Mí1).
That is to say, the adsorption concentration S will be
infinite assumed that the solute concentration C
tends to infinity during the process of solute concentration increasing. Actually, the adsorption concentration should have a maximum value, which is no
longer changes when the solute concentration continues to increase, as shown in Fig. 1 for the equilibrium adsorption process [15-16]. On the other hand,
when the solute concentration decreases to zero the
adsorption concentration also becomes zero according to the linear model, which is not consistent with
the fact of the adsorption phenomenon. In fact, for
the adsorption model, the adsorption concentration
should eventually be greater than or equal to zero
when the solute concentration decreases to zero, as
shown in Fig. 1 for the equilibrium desorption process. Indeed, for suspended particles, the adsorption
rate of contaminant in the actual adsorption process
should be inversely proportional to the adsorption
concentration S. In contrast, the desorption rate of
contaminants during desorption should be proportional to the adsorption concentration. That is, in the
actual migration of contaminant, the relationship between the adsorption concentration S and the solute
concentration C should be nonlinear. As shown in
Fig. 1, the slope of the curve is the rate of adsorption

kNF,1

S1
kNF,0

O

Equilibrium adsorption process
Equilibrium desorption process

Solute concentration C

FIGURE 1
Adsorption-desorption process
It can be seen from Fig. 1 that the final adsorption concentration S1 in the micro-cell ǻ9 is still zero
when the coefficient is the same as in the adsorption
process and desorption process. So there is no adsorption of contaminant for the whole penetrating
process (i.e., equilibrium adsorption), as shown in
Fig. 4 for Ș=1. However, if the equilibrium coefficient is kNF,0 in the adsorption process and kNF,1 in the
desorption process which is smaller than kNF,0, the final adsorption concentration S1 in ǻ9 is greater than
zero, as shown in Fig. 1. Then the whole penetration
process of contaminant eventually manifests as adsorption, as shown in Fig. 4 for Ș<1.
Therefore, according to the above assumptions,
a nonlinear adsorption-desorption can be constructed. The relationship between adsorption concentration and solute concentration is

wS
wC

k NF

wC

 E C
t0
,
°°kd  e
wt
®
°k  e  E C , wC  0
r
wt
¯°

(2)

Where kd is the equilibrium constant of the adsorption process (L3Mí1) and kr is the equilibrium
constant of the desorption process (L3Mí1) with Ș=
kr / kd, ȕ is the correction coefficient (L3Mí1) of the
equilibrium coefficient kNF varying with the solute
concentration C. Substituting Eq. (2) into Eq. (1), the
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mathematical model of nonlinear adsorption-desorption process becomes

§ Ub
· wC
¨1+  k NF ¸ 
n
©
¹ wt

Dx 

w 2C
wC
 ux 
wx 2
wx

(3)

C0 /(mg/ml)

120

180

Analysis of results. The breakthrough curves
of contaminant at four different locations in porous
media are given in Fig. 3. As can be seen from Fig.
3, with the increase of migration distance, the periodic variation of particle penetration concentration is
less obvious, and the peak value of penetration concentration becomes smaller and the peak occurrence
time is correspondingly delayed. In addition, the
transmittance of contaminant is also decreasing, for
example, transmittance is 96% at x=5 cm and 84% at
the bottom of the column.

240

2.0

1.5

0.0

C0(t)=1+cos(2St/60)

1.0

(

m

Where m is the total mass of the injected contaminant, Sq is the cross-sectional area of the porous
media, PV is one pore volume of the porous media
with 1 PV=n·Sq·L, tp is the value converted from the
time coordinate to the volume coordinate of the pore
volume, ܥሚ is the concentration value converted from
the concentration C in the time coordinate to the pore
volume coordinate. It can be seen from the above
equation that the area surrounded by the relative concentration CR curve and the abscissa axis in the pore
volume coordinate is the transmittance MR of particle
at the position x, and the MR and CR are the dimensionless parameters.

Numerical analysis and model validation.
Numerical calculation model. It is assumed that
there is a one-dimensional porous soil column with
a length L whose initial adsorption concentration is
zero and the percolation velocity is u0. The seepage
direction is along the X-axis positive direction. And
the variation of the contaminant concentration at position x=0 in the porous media with time is shown in
Fig. 2 (when t>240, C0=0). Basing on the Comsol
Multiphysics numerical analysis platform, a program
was developed to simulate the contaminant transport
process under the above cycle concentration C0(t). In
order to fully reflect the nonlinear adsorption and desorption characteristics, reference to the literature
[15,16,19,20,21], the calculated parameters are listed
in Table 1.
60

C x, t p  P
PV

5)

The range of equilibrium constant kr in the
model is 0ӊkrӊkd. When kd = kr and ș = 0, the above
model is a linear Freundlich adsorption model.

0

d MR
dt p
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0.72

0.5
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x=0.30m
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0.0
0

30

60

90

120

150

180

210

240

0.92

t /s
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TABLE 1
Model parameters
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tp㸭PV

48
0
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Figure 4 shows the migration of particles at the
bottom of porous media (i.e., x=0.30 m) with Ș equal
to 0, 0.2, 0.5, 0.8 and 1.0.The other calculation parameters are unchanged (Table 1). It can be seen that
the transmittance MR is less than 1 when kr is less
than kd indicating that contaminants are adsorbed to
the porous media during the penetration process. The
mass of contaminants penetrating porous media increases with the increase of kr (kr =Ș·kd) and the peak
value of breakthrough curves increases also, whereas
the time of the peak appears later. When the equilibrium coefficient of the adsorption process and the desorption process are equal (i.e., Ș = 1.0), the transmittance of particle is 100%. This indicates that no



In addition, so as to better describe the penetration process of contaminant [15-18], the transmittance MR (MMí1) and relative concentration CR
(MLí3 ·Mí1L3) of contaminant in the pore volume
coordinate are given by the concept of cumulative
mass fraction, as follows

³C

MR
(1.125, 0.841)

FIGURE 3
Breakthrough curves of particle at different locations

ȕ


CR

0.66
0.00
0.0

44
0
92

x=0.10m

0.46

FIGURE 2
The concentration distribution of contaminant
with time

3D
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small, a relatively large amount of contaminants are adsorbed to the upper part of the porous
media.

K =1.0
K =0.8
K =0.5
K =0.2
K =0.0

0.6

100

MR 㸭%

0.8

MR / %

CR 㸭(100%)

contaminants are ultimately adsorbed to the porous
media for the whole process of penetration which is
consistent with the previous hypothesis (Fig. 1).

100

80
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FIGURE 4
The influence of Ș on the breakthrough curves
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Materials and methods. The packed-bed column system used in the tests is depicted in Fig. 7.
The sample is cylindrical specimens with a height of
300 mm and an inner diameter of 80 mm. The ratio
of height to diameter is 3.75, which may be regarded
as one-dimensional seepage test [6]. The high purity
deionized water from supply tank was pumped
downwards through the vertical columns at a steady
flow rate controlled by a peristaltic pump (Longer
Pump WT600-2J, Baoding, China) which can provide the velocity range of 120-1200 ml/min and has
the speed ranges 60-600 rpm. Acid-washed quartz
sand were used as the porous media in-filling the columns in the tests. The quartz sand, obtained by
crushing and processing quartz stone, is a hard texture, chemical stability and wear-resistant silicate
minerals. The quartz sand size distribution is 1.0~2.0
mm (26%) and 2.0~3.5 mm (74%). The non-uniformity coefficient is Cu =1.5 and the curvature coefficient is Cc =1. The above-mentioned quartz sand
can ensure that the media size of suspended particles
(3~50 ȝP) does not produce obvious clogging effect
in the penetration test. The soil column was equipped
with two fine nylon filter at both ends to distribute
the water flow and particles uniformly, moreover,
and to ensure the porous media (such as substrate,
quartz sand) won't be out of the column. The injected
particles are silica fine powder made of natural
quartz (SiO2) by crushing, flotation, acid purification, high pure water treatment process. Its particle
size, media particle size (D50), specific surface area
and density were 1250 mesh, 10 ȝP, 245.17 m2/kg

0.04
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0.20

PENETRATION TEST AND ANALYSIS

(1.755, 0.02)
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The above analysis shows that the proposed
theoretical model (i.e., Eq. (3)) is reasonable, feasible and consistent with the facts.
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FIGURE 6
The influence of ȕ on transmittance at
different positions
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The effect of correction coefficient ȕ on the
equilibrium coefficient kNF at x = 0.30 m, 0.20 m,
0.10 m and 0.05 m are shown in Fig. 5, and the other
calculation parameters are listed in Table 1.The nonlinear variation of kNF with space and time is fully
demonstrated in Fig. 5. Compared with Fig. 3, the
peak time of solute concentration C is also the turning point of equilibrium coefficient kNF. The above
characteristics are consistent with the assumptions
made in Eq. (2).

kNF 㸭(cm3/g)

E =0.00 m3/kg
E =0.05 m3/kg
E =0.20 m3/kg
E =0.80 m3/kg

80

20

3.5

FIGURE 5
The influence of ȕ on the equilibrium coefficient
At the moment tp=5 PV where the relative concentration CR is zero and the contaminant penetration
process has ended (Fig. 3), the variation of the contaminant transmittance MR at different locations in
the porous media is shown in Fig. 6. The contaminant transmittance decreases when the correction coefficient takes a smaller value, which is due to the
weakening effect of ȕ on the adsorption and desorption of porous media. Moreover, it can be seen that
the transmittance per unit distance in the upper part
of the porous media (i.e., the slope of the breakthrough curve in Fig. 6) is larger than that in the
lower part of the porous media. That is, when ȕ is
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and 2.26 g/cm3.

1.6
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1.2

MR / %
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Where H(t) is a step function for H=0
when tӊ0 and H=1 when t>0.
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Prior to each test, the quartz sand was rinsed in
high purity deionized water until no suspended impurities and then dried at 105 °C for 24 h. The soil
column is filled with 10 layers, about 174 g each, and
the average porosity of the sample is 0.451. The
same number of tampers were applied to each layer
to ensure uniformity of the sample, and the water
surface was 1~2 cm higher than the top surface of the
filled ensuring that the filled sample was a saturated
sample. In the first step of the test, the peristaltic
pump was adjusted to the desired flow rate. Then,
after the water seepage velocity ui had been stabilized in the porous media, suspended particles of certain concentration Cinj and volume Vinj in the syringe
were injected into the soil column within a certain
time tinj. The moment of injection is t = 0. Finally,
the turbidity of the suspended particles in the penetrating current was measured by turbidity meter
(HACH Co., CO, USA), and the concentration of
suspended particles was calculated indirectly according to the relationship between the concentration
and the turbidity of suspended particle. Due to the
injection of the suspended particulate, the actual
seepage velocity of water in porous media and injected concentration of suspended particles in porous
media are as follows
Vinj
(6)
u u 
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TABLE 2
Test scheme

i
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(a) Test 1

FIGURE 7
Experimental setup: packed-bed column system
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TABLE 3
The fitting results
NO.
Įx (cm)
kd
(cm3/g)
Ș
ȕ
(m3/kg)
R2

Test 1
u1
0.514

u2
0.533

u3
0.532

Test 2
u1
0.460

u2
0.507

u3
0.515

Test 3
u1
0.510

0.103

0.106

0.090

0.093

0.093

0.070

0.074

0.512

0.349

0.154

0.419

0.244

0.130

0.589

0.233

0.225

0.136

0.259

0.229

0.035

0.493

0.998

0.998

0.995

0.994

0.993

0.986

0.983

u3
0.551

Test 4
u1
0.538

u2
0.581

u3
0.552

0.078

0.076

0.061

0.061

0.068

0.454

0.222

0.705

0.541

0.253

0.478

0.367

0.455

0.450

0.429

0.978

0.981

0.962

0.970

0.968

u2
0.539

it has a critical value of Cinj for a particular porous
media, in which case the adsorption concentration of
the porous media is just saturated. In addition, the
transmittance becomes larger when the seepage velocity increases. This is because the suspended particles are less likely to adsorb into porous media due
to the larger hydraulic gradient.

Results and discussion. The results of the test
are shown in Fig. 8. The parameters Įx, kd, Ș and ȕ in
the Eq. (3) are optimized by the least squares
method, and the decision coefficient R2 is taken as
the evaluation criterion of the fitting effect. The fitting results are shown in Table 3. In Fig. 8, u1=0.523
cm/s, u2=0.332 cm/s, u3=0.168 cm/s.
It can be seen from Fig. 8 that the nonlinear adsorption-desorption model (Eq. 3) agrees well with
the experimental results, which can better express
the true migration process of suspended particles.
The figure suggests that the relative concentration CR
and the transmittance MR decrease with the decrease
of the seepage velocity ux. However, the transmittance of the suspended particles seems to be larger
when injection concentration Cinj takes a small value.
Moreover, the change of Cinj was not significant for
the relative concentration peak reflected in this tests.
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FIGURE 9
The transmittance MR varies with the injection
concentration Cinj
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FIGURE 10
Influence of flow velocity and injection concentration on a the equilibrium constant the equilibrium constant of the adsorption process and b
the equilibrium constant of the desorption
process.

The tendency of the contaminant transmittance
MR varied with the injection concentration Cinj are
showed in Figure 9. When the injection concentration increases, the transmittance decreases first and
then increases. This phenomenon is understood to be
that the adsorption concentration S of porous media
is not saturated when the injection concentration is
small, that is, the porous media still has an adsorption capacity. However, the concentration S has been
reached saturation during the penetration process
when the Cinj is large, and even if more contaminants
are injected which would no longer be adsorbed for
the porous media, as shown in Fig. 1. This means that

Table 3 shows that the adsorption equilibrium
constant kd varies little with the seepage velocity ux
in each test, and the value of Ș nevertheless has great
changes which decreases with the increase of ux.
This indicates that the release rate of adsorbed particles increases at higher seepage velocity in the equilibrium desorption process, and the adsorption rate
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of suspended particles is almost the same in the equilibrium adsorption process. In addition, the variation
of Cinj and ui has little effect on the hydrodynamic
dispersion Įx whose value is about 0.5 cm. However,
comparing test 1 and test 4, the value of the correction coefficient ȕ is larger when the injection concentration is lower.
Figure 10 shows that the influence of flow velocity and injection concentration on a the equilibrium constant the equilibrium constant of the adsorption process kd and b the equilibrium constant of the
desorption process kr. The constant kd increases first
and then decreases with the increase of the velocity
ux, when the concentration Cinj is large, as shown in
Fig.10,a . However, its value fluctuate range is small
in this tests. And the velocity ux increases and the
constant kd decreases in the test 3 and test 4 where
the injection concentration is Cinj=1.0 mg/ml and 0.5
mg/ml respectively. This indicates that the more contaminants are injected, the more contaminants are
adsorbed into the porous media during the adsorption process. On the other hand, in Fig.10,b, the constant kr increases with the increase of velocity ux.
However, as the injection concentration increases,
the constants kr decrease first and then increase
which is similar to the transmittance MR with the
changes of Cinj. In addition, the constants kr is less
affected by the injection concentration when the
seepage velocity is small.
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EFFECTS OF LIGHT ON MORPHOLOGIC AND STOMATAL
CHARACTERISTICS OF TURKISH FIR NEEDLES
(ABIES NORDMANNIANA SUBSP. BORNMULLERIANA
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and morphological and anatomical structures [5,
10±19]. Plant form and structure are shaped by the
interaction between genetic structure and environmental conditions.
One of the factors influential to plant form and
structure in outdoor conditions is light. Daylight is
necessary for photosynthesis and therefore shapes
the growth, form, and structure of the plant. Many
studies aim to reveal the influence of light on plant
growth performance in the field of agriculture and
forestry [11, 20±25] and its influence on plant form
in landscaping plants [26±31].
A plant¶V reaction to the amount of light
changes depending on the species. Under the intensity of light that does not allow the survival of sun
plants, shadow plants can continue their normal
growth. Among the natural tree species that are
found throughout Turkey, Abies nordmanniana
subsp. bornmulleriana is the leading species that
tolerates shadow. However, even if they can survive under low light conditions, seedling forms may
show dramatic changes under these conditions [11,
32±34].
Though many studies have been conducted on
the influence of light on plant growth performance
and form, only a limited number of studies dwell on
its influence on anatomical structure. The present
study deals with the needle morphological and
stomatal characteristics of Abies nordmanniana
subsp. bornmulleriana seedlings. In the study, needle samples were taken from seedlings grown in
different light conditions. The samples were taken
of one-, two-, and three-year-old main shoots and
needles on the side branches. Measurements of the
samples determined needle length, needle diameter,
and the number of stoma channels. The total number of 1 mm stoma area changes depending on the
light conditions and position are determined.

ABSTRACT
This study examines the effect of light on the
sapling forms of Turkish fir (Abies nordmanniana
subsp. bornmulleriana), a species endemic to Turkey and extensively used in landscaping work.
Needle samples were taken from seedlings grown
in different light conditions. The samples were
taken of one-, two-, and three-year-old main shoots
and needles on the side branches. The samples were
measured to determine needle length, needle diameter, and the number of stoma channels. The total
number of 1 mm stoma area changes depending on
the light conditions and position are determined.
Analysis of Variance and Duncan tests were applied to the obtained data, and results were evaluated. In all the needles, most of the increase in needle
position and needle length was determined to be
due to the light. The curve of stomas was drawn
depending on the light channels and the total number of stoma. The highest value was reached in
semi-shade conditions.

KEYWORDS:
Turkish Fir, Abies nordmanniana subsp. bornmulleriana,
Light, Needle Morphological Characteristics, Stoma,
Needle Length and Position

INTRODUCTION
Plants are the most important group of living
beings and are vital for many other groups. They
have spread nearly all around the world and acquired various forms and structures due to living
conditions, genetic structures, and phylogenetic
characteristics [1±10].
Plant growth takes place under the influence
of many factors, such as climate, altitude, weather
conditions, and fertilization. These factors influence
the photosynthesis rates and growth performance of
plants while at the same time shaping their forms
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.DVWDPRQX SURYLQFH ƍ1 ƍ ( WR ±
1550m altitude). Needle samples were taken from
30 seedlings that grew under full light (0±10%),
half-shadow (50±60%), and shadow (80±90%)
conditions. Measurements were carried out via a
micro compass on 10 needles from each seedling in
various locations, and needle lengths and widths
were determined. The locations from which needle
samples were taken are shown in Figure 1.
Afterward, the needle samples were analyzed
under a microscope to obtain scaled stoma images.
The number of stoma channels in each needle and
total number of stomas per 1 mm area were determined. The obtained data were subjected to AnalyVLV RI WKH 9DULDQFH $129$  DQG 'XQFDQ¶V WHVWV
via SPSS 17.0.

MATERIALS AND METHODS
The study material is Abies nordmanniana
subsp. bornmulleriana. Among the natural tree
species that spread throughout Turkey, Abies nordmanniana subsp. bornmulleriana is prominent for
being tolerant to shadows. However, even if the tree
survives under low light conditions, seedling forms
may show dramatic changes. Abies nordmanniana
subsp. bornmulleriana is an endemic species for
Turkey and is frequently used in landscaping work.
In addition, the species is one of the most demanded in the Christmas tree market, which makes it
more important.
The study was conducted with the samples
taken from Abies seedlings growing in natural
forests in the %DOOÕGD÷ UHJLRQ RI 'DGD\ GLVWULFW LQ

FIGURE 1
The sections from which the needle samples were taken

Needle Width

Needle Length

TABLE 1
The changes in needle length and width depending on the shadow conditions
Needle Location
1S
2S
3S
1B
2B
3B
1S
2S
3S
1B
2B
3B

Shadow
11.8469a
10.5867a
9.7141a
19.4187a
17.8854a
17.6088a
1.6223a
1.601a
1.3765a
1.8648a
1.8243a
1.76a

Half-Shadow
15.6267b
14.7885b
13.5630b
21.5389b
20.2951b
19.0554b
1.9102b
1.839b
1.7173b
2.0128b
1.9804b
1.91b

Full Light
18.0836c
17.3462c
16.7203c
26.2506c
23.7495c
19.3606b
1.9449b
1.923c
1.8466c
2.1775c
2.0644c
1.93b

Needle Location
1S: The needle on the 1-year-old main shoot, 1B; The needle on the 1-year-old side branch
2S: The needle on the 2-year-old main shoot, 2B; The needle on the 2-year-old side branch
3S: The needle on the 3-year-old main shoot, 3B; The needle on the 3-year-old side branch
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the side branches change less according to shadow
conditions compared to the needles on the main
shoots, and the needle lengths on the side branches
are 10% to 35% longer in the seedlings growing
under full-light conditions than in the seedlings
growing under shadow conditions.
The needle widths of the seedlings growing
under different shadow conditions also increase in
line with the quantity of light. According to the
measurement results, the needles in the 1S location
have a diameter of 1.62 mm under shadow conditions, 1.91 mm under half-shadow conditions, and
1.94 mm under full-light conditions. Similarly, the
needles in the 2S location have a diameter of 1.60
mm under shadow conditions, 1.84 mm under halfshadow conditions, and 1.92 mm under full-light
conditions. The needles in the 3S location have a
diameter of 1.38 mm under shadow conditions, 1.72
mm under half-shadow conditions, and 1.85 mm
under full-light conditions. The values indicate that
the widths of the needles on the main shoots of the
seedlings growing under full-light conditions are
20% to 34% thicker than those of the needles on the
main shoots of the seedlings growing under shadow
conditions.
The widths of the needles on the side branches
also change depending on the shadow conditions.
According to the measurement results, the needles
in the 1S location have a width of 1.86 mm under
shadow conditions, 2.01 mm under half-shadow
conditions, and 2.18 mm under full-light conditions. Similarly, the needles in the 2S location have
a width of 1.82 mm under shadow conditions, 1.98
mm under half-shadow conditions, and 2.06 mm
under full-light conditions. The needles in the 3S
location have a width of 1.76 mm under shadow
conditions, 1.91 mm under half-shadow conditions,
and 1.93 mm under full-light conditions. The calculations indicate that the widths of the needles on the
side branches change less than those of the needles
on the main shoots, and needle widths on the side
branches of the seedlings growing under full-light
conditions are 10% to 17% longer than the needle
widths on the side branches of the seedlings growing under shadow conditions.

RESULTS
The Influence of Light on Needle Length
and Width. At the end of the measurements, the
changes in needle length and width according to
full-light, half-shadow, and shadow conditions were
determined. The mean values of the obtained data,
F-value calculated at the end of the ANOVA made
oQ WKH GDWD UHOLDELOLW\ OHYHO DQG 'XQFDQ¶V WHVW
results are given in the Table 1 below.
The values in Table 1 show that the needle
lengths and widths of the seedlings growing in
different shadow conditions increase as the quantity
of light increases. The ANOVA results indicated
that the lengths and widths of the needles differed
from one another under the full-light, half-shadow,
and shadow conditions in all the locations. Such
differences were statistically significant at 99.9%
reliability level. AccordinJ WR WKH 'XQFDQ¶V WHVW
results, the needles in the 3B location and the needles in the 1S and 3B locations created two homogeneous groups in terms of length and width respectively. The needles growing under half-shadow
and full-light conditions in these locations did not
differ from one another statistically, while the needles growing under different light conditions gathered under different homogeneous groups in all the
other locations. This indicates that growth location
conditions significantly influence needle length and
width.
The values in Table 1 indicate that the needles
in the 1S location have a length of 11.85 mm under
shadow conditions, 15.63 mm under half-shadow
conditions, and 18.08 mm under full-light conditions. Similarly, the needles in the 2S location have
a length of 10.59 mm under shadow conditions,
14.79 mm under half-shadow conditions, and 17.35
mm under full-light conditions. The needles in the
3S location have a length of 9.71 mm under shadow
conditions, 13.56 mm under half-shadow conditions, and 16.72 mm under full-light conditions.
The values indicate that the lengths of the needles
on the main shoots of the seedlings growing under
full-light conditions are 52% to 72% longer than the
lengths of the needles on the main shoots of the
seedlings growing under shadow conditions.
The lengths of the needles on the side branches also change depending on the shadow conditions.
According to the measurement results, the needles
in the 1S location have a length of 19.42 mm under
shadow conditions, 21.53 mm under half-shadow
conditions, and 26.25 mm under full-light conditions. Similarly, the needles in the 2S location have
a length of 17.88 mm under shadow conditions,
20.29 mm under half-shadow conditions, and 23.75
mm under full-light conditions. The needles in the
3S location have a length of 17.61 mm under shadow conditions, 19.05 mm under half-shadow conditions, and 19.36 mm under full-light conditions.
The calculations showed that the needle lengths on

The Influence of Light on the Number of
Stomas. The study also searched the total number
of stomas and stoma channels on the needles of the
seedlings growing under various shadow conditions. Stoma bands are visible to the naked eye on
the needles of Abies nordmanniana subsp. bornmulleriana. Two stomata bands are quite evident on
each needle (Figure 2).
Each stoma band was analyzed under a microscope to obtain stoma images, which were then
saved in JPEG format. The saved images were later
analyzed on the computer screen to determine the
number of stoma channels in each band and the
total number of stomas per 1 mm area. Mean values
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while those of stoma channels of the needles in all
the other locations gathered under two homogeneous groups. In all of the locations, the lowest values
were obtained from the needles collected from the
seedlings growing under shadow conditions, while
the highest values were obtained from the needles
collected from the seedlings growing under halfshadow conditions. However, according to the
'XQFDQ¶V WHVW UHVXOWV H[FHSW IRU WKH QXPEHUV RI
stoma channels of the needles in the 3S location, in
all the locations there is no statistically significant
difference between the numbers of stoma channels
of the needles growing under half-shadow conditions and the numbers of stoma channels of those
growing under full-light conditions. They are in the

regarding the number of stoma channels and the
total number of stomas, ANOVA results, and the
homogeneous groups that were formed through the
'XQFDQ¶VWHVWDUHSUHVHQWHGLQ7DEOHbelow.
As Table 2 demonstrates, the number of stoma
channels and the total number of stomas showed a
statistically significant change depending on the
shadow conditions. The change in the number of
stoma channels in the 1S location is significant at a
95% reliability level, and the changes in the number
of stoma channels and the total number of stomas in
other locations are significant at a 99.9% reliability
OHYHO $FFRUGLQJ WR WKH 'XQFDQ¶V WHVW UHVXOWV WKH
numbers of stoma channels of the needles in the 3S
position gathered under three homogeneous groups

FIGURE 2
The view of the stomas on the needle

Total number
Number of
of stomas
stoma channels

TABLE 2
The number of stoma channels and the total number of stomas
Needle location
1S
2S
3S
1B
2B
3B
1S
2S
3S
1B
2B
3B

Shadow
5.73a
5.13a
4.33a
6.17a
6.20a
5.42a
39.23a
35.17a
29.47a
42.87a
44.70a
38.54a

Half-Shadow
6.63b
7.03b
7.37c
7.37b
8.43b
8.42b
59.83c
67.63c
71.60c
80.20c
84.73c
82.47c

Full Light
6.43b
7.00b
6.57b
7.60b
8.42b
8.27b
46.60b
52.92b
46.80b
54.63b
67.67b
70.42b

Needle location
1S: The needle on the 1-year-old main shoot, 1B; The needle on the 1-year-old side branch
2S: The needle on the 2-year-old main shoot, 2B; The needle on the 2-year-old side branch
3S: The needle on the 3-year-old main shoot, 3B; The needle on the 3-year-old side branch
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Christmas tree in the market. In the present study, it
was found out that needle sizes show a considerable
change depending on light conditions.
Micro-environmental conditions in particular
have important influences on the formation of plant
morphology [3, 9, 39]. Among these factors, light is
one of the most influential [40]. Many researchers
consider light to be the most important factor influencing growth. Previous studies report that light is
an important factor influencing diameter growth
[41] and petal structure [42]. Morphological characteristics that are important for landscape architecture, such as petiole length, distance between the
nodes, and total number of stolons, are directly
proportioned to spectral light condition [43].
Growth rate is limited by light in forest trees [44±
48].
Abies nordmanniana subsp. bornmulleriana is
a natural and endemic species for Turkey that can
easily be grown under intense shadow conditions
with a decorative appearance and resistance toward
urban climate [49]. However, the studies dealing
with Abies nordmanniana subsp. bornmulleriana
have mostly concentrated on its silvicultural characteristics [11, 50±51], morphological characteristics
[52], genetic variation [52-55], production [55, 56],
and wood characteristics.
Determining the influences of the conditions
prevalent in locations of growth on the micromorphological characteristics of plants is important
in many aspects. The micro-morphological characteristics of plants are the parameters that provide
the most important information on the optimum
growth conditions. For instance, the quantity of
chlorophyll in leaves is linked to the quantity of
light [54, 57±59], and the plants growing in abundant light have fewer but larger chloroplasts and
more chlorophylls in the leaves [21, 22, 59, 60].
Cetin [21, 22] states that the leaves that are exposed
to shadow and the leaves that are exposed to light
have different internal and external structures, and
the plants growing under abundant light conditions
have better tissues that ensure resistance while
chloroplasts are fewer in number, larger in size, and
contain more chlorophylls.
Threshold values of light intensity change depending on plant type, particularly from sun plants
to shadow plants. Increase in the amount of photosynthesis in line with the rise in light intensity also
changes depending on plant species. For instance,
Pinus taeda seedlings photosynthesize as light
increases until 100%, whereas many of the leaved
plants reach the peak of photosynthesis at 30% [21,
22]. The photosynthesis rates and respirations of the
leaves in shadow slow down, causing less physical
activity in plants [61±63].
The present study analyzed the changes in the
needle and stoma characteristics of the individuals
growing under various shadow conditions. It was
seen that needle length and width, the number of

same homogeneous group. The values show that the
numbers of stomas of the needles growing under
half-shadow conditions are 16% to 70% more than
the numbers of stomas of the needles growing under shadow conditions if they are on the main
shoots and 20% to 55% more if they are on the side
branches.
The numbers of stomas formed three homogeneous groups in all the locations. The lowest values
were observed in the needles growing under shadow conditions while the highest values were observed in the needles growing under half-shadow
conditions. There is a significant difference between the needles growing under shadow conditions and those growing under half-shadow conditions in terms of the number of stomas. In the 1S
location, there are nearly 39.23 stomas under shadow conditions, while there are 46.60 stomas under
full-light conditions and 59.83 stomas under halfshadow conditions. A similar result is also valid for
other locations. In the 2S location, there are approximately 35.17 stomas under shadow conditions,
while there are 52.92 stomas under full-light conditions and 67.63 stomas under half-shadow conditions. In the 3S location, there are 29.47 stomas
under shadow conditions, while there are 46.80
stomas under full-light conditions and 71.60 stomas
under half-shadow conditions.
Similar results were also obtained for the
numbers of stomas on the side branches. In the 1B
location, there are approximately 42.87 stomas
under shadow conditions, 54.63 under full-light
conditions, and 80.20 under half-shadow conditions. In the 2B location, there are approximately
44.70 stomas under shadow conditions, 67.67 under
full-light conditions, and 84.73 under half-shadow
conditions. In the 3B location, there are approximately 38.54 stomas under shadow conditions,
70.42 under full-light conditions, and 82.47 under
half-shadow conditions.

DISCUSSION
Abies nordmanniana subsp. bornmulleriana is
a commonly preferred species as Christmas tree in
Northern Europe [35±37] and the United States of
America [38]. Christmas trees have formed an
important economic market in the world. Nearly 50
million Christmas trees are produced in Europe
annually, creating a market worth over 800 million
dollars [35]. The trees are assessed according to
certain criteria. Density and color are two of the
most important criteria for a Christmas tree. The
tree density is characterized by such factors as the
number and length of the branches on the nodes, the
distance between the nodes, the number of the
branches on the internodes, needle density, and
needle length [32]. In this regard, needle length is
an important factor influencing the quality of a
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University Press, Bulgaria, Sofia, 113±124.
ISBN: 978-954-07-4137-6.
[2] Yigit, N., Sevik, H., Cetin, M. and Kaya, N.
(2016) Chapter 3: Determination of the effect
of drought stress on the seed germination in
some plant species. In: Water stress in plants.
(Eds: Ismail Md. Mofizur Rahman, Zinnat Ara
Begum, Hiroshi Hasegawa Ismail) InTech, 43±
62. ISBN: 978-953-51-2621-8.
[3] Cetin, M., Sevik, H. and Saat, A. (2017) Indoor
air quality: The samples of Safranbolu Bulak
Mencilis Cave. Fresen. Environ. Bull., In press.
[4] Cetin, M. (2013) Chapter 27: Landscape engineering, protecting soil, and runoff storm water. In: Advances in landscape architectureenvironmental sciences. (Ed: Murat Ozyavuz)
InTech, 697±722. ISBN 978-953-51-1167-2,
Online 1 July 2013.
[5] Kaya, L.G., Cetin, M. and Doygun, H. (2009)
A holistic approach in analyzing the landscape
potential: Porsuk Dam Lake and its environs,
Turkey. Fresen. Environ. Bull. 18(8), 1525±
1533.
[6] Sevik, H. and Cetin, M. (2016) Evaluation of
topiary applications and problems: A case
study of Kastamonu, International Journal of
Multidisciplinary Thought 5(5), 45±50.
[7] Sevik, H. and Cetin, M. (2015) Effects of water
stress on seed germination for select landscape
plants. Polish Journal of Environmental Studies
24(2), 689±693.
[8] Cetin, M. (2015) Chapter 55: Using recycling
materials for sustainable landscape planning.
In: Environment and Ecology at the Beginning
of 21st Century. (Eds: Recep Efe, Carmen Biz]DUUL øVD &UHEDO *XOQDUD 1 1\XVXSRYD  6W
Kliment Ohridski University Press, Sofia, 783±
788. ISBN:978-954-07-3999-1.
[9] Sevik, H. and Karaca, U. (2016) Determining
the resistances of some plant species to frost
stress through ion leakage method. Fresen. Environ. Bull., 25(8), 2745±2750.
[10] Mutlu, S., Atici, O. and Kaya, Y. (2009) Effect
of cement dust on the diversity and the antioxidant enzyme activities of plants growing
around a cement factory. Fresen. Environ.
Bull., 18(10), 1823±1827.
[11] Sevik, H., Cetin, M. and Kapucu, O. (2016)
Effect of light on young structures of turkish
Fir (Abies nordmanniana subsp. bornmulleriana). Oxidation Communications 39(1-II), 485±
492.
[12] Stankovic, D., Krstic, B., Igic, R., Trivan, G.,
Petrovic, N. and Jovic, D. (2011) Concentration of pollutants in the air, soil and plants in
the area of the national park "Fruska Gora,"
Serbia. Fresen. Environ. Bull., 20(1), 44±50.
[13] Cetin, M. (2016) Determination of bioclimatic
comfort areas in landscape planning: A case
study of Cide Coastline. Turkish Journal of

stoma channels, and the number of stomas have
statistically significant differences depending on
shadow conditions.
The literature review showed that needles and
stoma characteristics have been researched in many
previous studies. Among these studies, the genetic
variation studies focusing on needle and stoma
characteristics are noteworthy. As is known, the
morphological and physiological characteristics of
plants are hereditary. These characteristics rarely
change due to environmental conditions. Some of
these morphological characteristics include needle
length, the number of needles, and cone, seed, and
wing characteristics. Many researchers use one or
more of these characteristics to determine genetic
variety in forest trees [64±67].
Hamrick and Libby [68] used the needle morphological characteristics of Abies concolor (Gord.
and Glend.) Lindl seedlings; Okada, Mukaide, and
Sakai [69] used the one-year-old seedlings of Abies
sachalinensis Masters; and Pattey et al. [70] used
the six-year-old seedlings of Abies alba Mill. to
reveal genetic variation. The number of stomas has
also been used to determine genetic variation in
many studies. Salazar [71] used stoma characters in
Pinus caribaea seedlings, Sevik et al. [52] in Abies
nordmanniana subsp. bornmulleriana Mattf, and
Yigit, Sevik, Cetin, and Gul [72] in Pinus nigra
Arnold. subsp. Pallasiana (Lamb.) Holmboe) in
order to determine clonal variation in seed orchards.

CONCLUSIONS
This study showed that needle length and
width, the number of stoma channels, and the number of stomas have statistically significant differences depending on shadow conditions. The study
results are indicative of the fact that shadow conditions influence morphological characteristics of
plants to a considerable extent. Stomatal characteristics may especially provide important clues for
determining optimum light conditions. Therefore,
stomatal characteristics can be used in similar studies to obtain important information about optimum
growth conditions of agricultural plants with a short
lifecycle in a short period of time. Furthermore,
similar studies may give information about the
degrees to which the plants that are grown outside
their natural habitats adapt to the conditions of the
environment where they exist.
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Following the treatment with 18 μM TN of
SKOV-3 cells staining with Fluo-3 AM ve Rhod-2
AM, cytoplasmic and mitochondrial Ca+2 increases
were observed, respectively. Correspondingly, early
apoptosis percentage was 11.38 % and late apoptosis
percentage was 10.24% in SKOV-3 cells. After 2 h,
TN incubations of mitochodrial apoptotic proteins
cytocrome c and EndoG, flourescent radiations were
found as more intense than non-coating cells. Apoptotic changes depending on ER stress in fibronectin
coated SKOV-3 cells were determined as plasma and
nucleus membrane damages, nucleus condensation
and intense heterochromatin structures in nucleus by
fragmentation. On the other hand, autophagic findings were also obseved.
As a result, calcium dependent apoptotic process in SKOV-3 cells in metastatic stage were partially shown. Electron microscopic findings showed
that TN treatment effectively induced ER stress-associated apoptosis and autophagy in SKOV-3 cells
that effect becomes stronger with binding of cells to
fibronectin. However, the detailed mechanism underlying the crosstalk between TN-induced autophagy and apoptosis in SKOV-3 cells warrants further
study.

Ovarian cancer is a metastatic disease and the
rate of case fatalities is the highest among the gynecological malignant tumors [1].It is often diagnosed
at a late stage after tumor cells are disseminated
within the peritoneal cavity [2]. Several integrins
have been identified as important mediators of ovarian carcinoma metastasis to the mesothelium. They
are a family of cell surface receptors which allow interactions between cells and their surrounding microenvironment and play a fundamental role in promoting metastasis[3]. Ligation of integrins with extracellular matrix (ECM) ligands induces a variety of
intracellular signals and regulates several cellular responses [4]. The nature of such interactions with
ECM and downstream signaling is often quite different in cancer cells than in normal cells [5]. Fibronectin is an extracellular matrix ligand recognized by
many types of integrins and is abundantly expressed
on mesothelial cells[6]. For these reasons, the past
few years have seen an increased interest in the implications of integrin receptors in cancer biology and
tumor cell aggression[7].
On the other hand, calcium, as the second messenger, is essential signal transduction element involved in cell growth including cell cycle, differentiation, proliferation and apoptosis [8]. Regulation of
intracellular Ca2+ ([Ca2+]i) homeostasis involves
both Ca2+ entry from the extracellular space and Ca2+
release from the intracellular stores, such as the endoplasmic reticulum (ER) or mitochondria. Some
human diseases have been linked with the abnormal
regulation of Ca2+ homeostasis, including developmental disorders, hypertension, cardiovascular disease, diabetes, Alzheimer's disease, and cancer [9].
Although changes in Ca2+ homeostasis may not be a
necessity for malignant initiation, the altered Ca2+
signaling in cancer cells contribute to important
events during tumor progression, such as proliferation, migration, invasion, and metastasis[9].
In this study, following the integrin activation
by fibronectin binding in human ovarian cancer cells
(SKOV-3), endoplasmic reticulum stress was generated by intracellular calcium increase and then possible apoptotic effects were investigated.

KEYWORDS:
Ovarian cancer, Integrin, Calcium, Electron Microscope,
Apoptosis
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ȝJPOILEURQHFWLQ(Sigma) RUȝJPO3RO\-Llysine (Sigma) proteins according to the number of
samples. The plates were incubated for 1 h at 37 °
C.After incubation, they were washed 3 times with
PBS. Following the washings, 1 × 106 cells / ml cells
were added to each uncoated or protein coated plates. The cells were incubated at 37° C with 5 % CO2
for 2 h for surface attachment.
After that, the cells were fixed with 3.7% paraformaldehyde for 15 min at room temperature. The
cells were permeabilized with Tween 20 in 0.1%
PBS on ice for 15 sec. After washing steps, the cells
were kept at room temperature for 1 h into 1% BSA.
Then, the primary antibodies were prepared at defined ratios and incubated overnight at + 4° C. The
secondary antibodies were incubated for 1 h at 4° C.
Subsequently, imaging was performed with a 40×
lens on a Leica DMI 4000B fluorescence
microscope.

MATERIALS AND METHODS
Cell Culture. SKOV-3 cells (HPA culture
collections- ZHUH FXOWXUHGLQ'XOEHFFR¶V
Modified Eagle Medium (DMEM) supplemented
with 20 % fetal bovine serum (FBS), 1 % penicillinstreptomycin, 2 mM glutamine and 2 mM sodium
pyruvate solution. Cells were cultured as a monolayer at 37oC in a humidified atmosphere containing
5 % CO2 and medium was replenished every two
days.
Intracellular and mitochondrial calcium
analysis. Intracellular calcium was measured by
using flow cytometry. The trypsin-suspended cells
were washed twice with cold phosphate buffered saline (PBS). 1 × 106 cells /ml cells were resuspended
and washed with Krebs-Ringer buffer (145 mM
NaCl, 5 mM KCl, 1.3 mM MgCl2, 1.2 mM
NaH2PO4, 1 mM CaCl2, 20 mM Hepes, 10 mM glucose and 0.01 BSA). The cells were incubated with
D ILQDO FRQFHQWUDWLRQ RI  ȝ0 )OXR-3 AM (for inWUDFHOOXODU FHOFLXP PHDVXUHPHQW  RU  ȝ0 5KRG-2
AM (for mitochondrial calcium measurement) into
0.02-1% Pluoronic F127 and 0.1% BSA solution at
37 ° C for 30 min in 5% CO2 incubator condition
(Kumar, 2014). After incubation, cells were washed
once with PBS and cell suspensions of 1 ml each
were transferred to different eppendorf tubes and
analyzed by BD Accuri Flow Cytometer.
After 2 min of control measurements were taken, various concentrations of tunicamycin (TN) (3ȝ0 ZHUHDGGHGWRWKHWXbes and measurements
were taken by flow cytometry.
(*7$ HWK\OHQH JO\FRO ELV ȕ-aminoethyl
ether) -N, N, N ', N'-tetraacetic acid)) were added to
the cells in the same manner at concentrations of 1,
5 and 10 mM as a negatif control.

Transmission electron microscopy (TEM).
Approximately 5 × 106 cells / ml were placed per 35
mm diameter plates that had been pre-coated with 50
μg/ml fibronectin and 10 μg/ml poly-l-lysine for
overnight at 4°C, and were incubated in 5 % CO2 for
2 h at 37° C. Cell lines were treated for spesific times
(30, 60, 120, 240 and 360 min) with either 18 μM
TN or DMSO, harvested using trypsin-EDTA,
washed in 1× PBS for three times, fixed in 2.5 %
glutaraldehyde in 0.1 M phosphate buffer (pH 7.4)
for 24 h at 4°C as a prefixation step, and postfixed in
1% OsO4 in the same buffer for one hour.After postfixation, cells were washed three times in phosphate
buffer and embedded in small blocks of 4% agar 1
mm 3 in size. Agar blocks were dehydrated in increasing concentrations of ethanol (50%, 70%, 96%
and 100%) and embedded in araldite resin. Ultrathin
sections (60 nm) were prepared on an ultramicrotome (Leica Ultracut), stained with uraniyl acetatelead citrate, and examined with JEOL JEM 1220
TEM. Cytological analysis of TEM images was validated by two independent reviewers [10].

Determination of apoptosis by Annexin VFITC / PI (propodium iodide). 1 × 10 6 cells / ml
were seeded into uncoated plates. The cells were
incubated at 37 ° C with 5 % CO2 for 2 h for surface
DWWDFKPHQW&HOOVZHUHWUHDWHGZLWKȝ071IRU
h in serum-free medium, then the cell were removed
with trypsin and centrifuged at 1000 rpm for 5 min.
AnnexinV-FITC Apoptosis Recognition Kit II (BD
Pharmingen 556570) was performed to measure the
percentage of apoptotic cells. The cells were suspended in 1 × annexinV binding solution then transferUHGWRWXEHVE\WDNLQJȝOIURPFHOOVROXWLRQȝO
of annexinV / FIT&DQGȝORI3,VROXWLRQZHUHDG
ded to each tube. After incubation for 15 min at room
WHPSHUDWXUHȝ/RIî$QQH[in-V binding solution was added to each vial and the cells were analyzed by flow cytometry (BD C6 Accuri) over 1 h staining period.

RESULTS AND DISCUSSION
Determination of intracellular calcium
changes. One of the commonly used Ca+2 indicators
is the fluorescent probes because of the wide signal
changes properties. Especially, Fluo-3AM is one of
the most suitable Ca +2 indicators for confocal laser
scanning microscopy (CLSM) and flow cytometry
methods [11].
In this study, the cytoplasmic calcium mobilization was investigated after inducing ER stress by
various concentration of TN (3-24 PM) in SKOV-3
cells labelled with Fluo-3AM (Figure 1).TN, an

Immunofluorescencestaining of cytochrome
c and endo G. The 24-well plates were coated with
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TN 12 μM (C)

FIGURE 1
Screening of cytosolic calcium distribution by flow cytometry after application of concentrations of 3, 6,
RUȝ071WR6.29-3 cells in Krebs-Ringer buffer containing 1 mM Ca+2.
ȝ071XVLQJ)OXR-3 AM staining was visualized by
flow cytometry and differences were observed between cells in calcium changes[13]. In another study,
LWZDVVKRZQWKDW(565VWUHVVLQGXFHGE\ȝJ
ml TN in aortic smooth muscle cells resulted in a
rapid rise in the fluorescence intensity of the cytosolic calcium with Fluo-4/AM dye [14].

inhibitor of protein glycosylation, blocks N-linked
protein glycosylation by inhibiting UDP-N-acetylglucosamine dolichol phosphorylation and increases
the Ca+2 flow through the plasma membrane by mobilization of the intracellular Ca+2 stores [12].
The results obtained showed that a time- and
dose-dependent increase in fluorescence intensity
levels of Fluo-3/intracellular calcium complex was
observed after approximately 2 min of control measurements. $GGLWLRQRIRUȝ0RI71LQWRFHOOVOD
belled withFluo-3AM, the intracellular calcium mobilization was not observed (Figure 1A and B). However, increasing the TN concentrations upto 18 and
ȝ0LQWUDFHOOXODUFDOFLum concentration was elevated PRUHHIIHFWLYHWKDQȝ0 TN treatment cell
group.The fluorescence intensity changes were
PHDVXUHGLQDVKRUWWLPH$FRQFHQWUDWLRQRIȝ0
TN appears to cause a regular increase in cytosolic
calcium (Figure 1D).
The increase in cytoplasmic calcium completely disappeared after 6-7 min at 5 mM EGTA
treatment in the presence of 18 PM TN (data not
shown) that might indicate the extracellular calcium
could be entry into cells and caused the increase of
cytoplasmic calcium in these cells.
In a study performed on various ovarian cancer
cell lines (COLO316, PEO14 and OAW42), intracellular calcium exchange due to 48 h treatment with 2

Determination of mitochondrial calcium
changes. The input and output of mitochondrial calcium are controlled by an electrophoretic mechanism
[15]. Ca+2 in mitochondria regulates mitochondrial
dehydrogenase activity and thus ATP production.
Ca+2 from ER and / or cytosol primarily moves to
mitochondrial membrane along voltage dependent
channels. Mitochondrial Ca+2 entry regulates cytosolic Ca+2 signaling and many Ca+2-dependent cellular processes [16] such as apoptosis.
Changes in mitochondrial calcium were analyzed after inducing the SKOV-3 cells with various
concentrations of TN by flow cytometry using Rhod2 AM staining that is a fluorescent

6590

© by PSP

Volume 26 ± No. 11/2017 pages 6588-6598

TN 3 μM

TN 6 μM

TN 18 μM

TN 24 μM

Fresenius Environmental Bulletin

TN 12 μM

FIGURE 2
Mitochondrial calcium increased after treatment of 5 PM Rhod-2 labelled SKOV-3 cells with various concentration of TN. The experiment was repeated three times.

cells was not increased after inducing with 3, 6 and
12 PM TN without extracellular calcium (1 mM),
however higher concentrations of TN could be able
to elevate the quantity of calcium in mitochondria
(Figure 3) that amount was not as high as compared
the results obtained from experiments performed in
the presence of 1 mM calcium (Figure 2).
Ru360 is a ruthenium derivatives and a specific
polycationic dye that acts as a mitochondrial calcium
uniporter inhibitor [18, 19]. In the presence of
Ru360, the mitochondrial calcium mobilization was
inhibited in the SKOV-3 cells treated with 18 PM
TN (Figure 4).
Taken together, results suggested that TN is
able to induce the calcium entry from the extracellular environment and therefore cytoplasmic calcium
was increased that elevation of cytoplasmic calcium
was also regulated by mitochondrial calcium stores
in SKOV-3 cells.

membrane-permeable fluorochrome with a similar
working principle to Fluo-3 AM.
The treatment of cells with 3 or 6 PM TN
showed no change in mitochondrial calcium-dependent fluorescence intensity in the presence of 1
mM CaCl2 )LJXUH +RZHYHUDQGȝ071
treatment showed a very short and effective increase
in mitochondrial calcium.
Deniaud et al. (2008) demonstrated short time
increase in mitochondrial calcium due to TN concentratioQRIȝJPOXVLQJ5KRG-2 AM labelled cervical (HeLa) and colon (HCT116) cancer cells on
fluorescent microscope [17]. Similar to results obtained from cytoplasmic calcium studies, the amount
of mitochondrial calcium in cells treated with 18 PM
TN was decreased after adding 5 PM EGTA (data
not shown).
The results obtained here showed that treatment
of SKOV-3 cells with TN might be responsible for
the increase in mitochondrial calcium that might be
due to increased cytoplasmic calcium. Mitochondrial
calcium increase could be resulted in stimulation of
apoptosis in these cells.
In order to investigate the role of extracellular
calcium on increase of cytoplasmic calcium due to
TN treatment, the mitochondrial calcium measurement was performed in buffer without calcium.
Mitochondrial calcium in Rhod-2AM labelled

TN induced morphological and biochemical
markers of apoptosis in fibronectin boundSKOV-3 cells. Recently, some studies have been
showed that binding of cancer cells to ECM such as
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FIGURE 3
The amount of mitochondrial calcium in SKOV-3 cells after various concentrations of TN treatment in the
absence of extracellular calcium. The cells were labelled with 5 μM Rhod-2 AM then the amount of mitochondrial calcium was measured by flow cytometry. The experiments were repeated three times.
A
10 μM Ru360
TN 18 μM
(with 1mM CaCI2)

B
10 μM Ru360
TN 18 μM
(without CaCl2)

FIGURE 4
,PDJLQJRIPLWRFKRQGULDOFDOFLXPGLVWULEXWLRQDIWHUWUHDWPHQWZLWKȝ0FRQFHQWUDWLRQof TN. First,
SKOV-FHOOVZHUHLQFXEDWHGZLWKȝ05XLQHLWKHUP0&D&O 2 or calcium-free Krebs-Ringer
buffer for 1 h after the mitochondrial calcium mobilization was measured by flow cytometry.
fibronectin, vitronectin and collagen, increased the
metastatic capacity of cells depending on type andactivation status of integrins and type of ECM proteins [20, 21]. Fibronectin is well-known multidomain glycoprotein and present in most ECM.

The binding of integrins (D5E1 integrins is selective
for fibronectin) to fibronectin stimulates adhesion,
proliferation and invasion of tumor cells. During the
ovarian carcinoma metastasis, increased expression
of fibronectin has been detected and also fibronectin
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5b). After exposing for 1 h, early stage apoptosis findings were observed. It showed that nuclear membrane was domed outward with a sharp angle, and
the nuclei chromatin was concentrated and clustered
on the inner border of karyotheca. Therefore plenty
of mitochondria and endoplasmic reticulum were observed in the cells, and the cell membrane was well
preserved. Some autophagic vacuols appeared in
cytoplasma and further, the number and size of these
autophagic vacuoles increased with increasing
time(Figure 5c). After the 2 h, aggregation and margination of apoptotic nuclear chromatin, cytoplasmic
dissolutions and vesicular structures were seen in
cells (Figure 5d). Four hours of exposure of cells to
TN showed nuclear shrinkage and fragmentation. In
addition increased cytoplasmic dissolutions and
many autophagic vacuoles were seen in cytosol (Figure 5e). After treatment for 6 h, nuclear fragmentation, reduction and advanced cytoplasmic dissolutions were apparent (Figure 5e).

is present in ascites that contribute to the formation,
adhesion and disaggregation of ovarian carcinoma
spheroids [21].
In this study, the metastatic capacity of SKOV3 ovarian cancer cellswere increased by allowing the
cells to bind to fibronectin protein and then the rate
of TN-induced cell apoptosis was investigated using
this model system.
SKOV-3cells were treated with 18 μM TN for
seven different time periods in poly-Lysine coated,
fibronectin coated and uncoated plates. The ultrastructural characteristics of untreated and treated
cells were visualized by TEM.
As shown in Figure 5a, uncoated control cells
showed regular nucleus, a homogenously dispersed
euchromatin, and intact nuclear membrane. In the
cytoplasm, the mitochondria and rough endoplasmic
reticulum can be all clearly observed.After treatment
with 18 μM TN for 30 min, the ultrastructure of the
cells showed little significant changes compared to
the control group such as atypical nucleus appearance and partly cytoplasmic dissolution (Figure

a

b

c

d

e

f

FIGURE 5
Ultrastructural changes of uncoated SKOV-3 cells treated with TN SKOV-3 cells were treated with or
without TN (18 μM) for different periods. a. control group; b-f. changes at 30 min (b), 1 h (c), 2h (d), 4h
(e) and 6 h (f).
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FIGURE 6
Ultrastructural changes of fibronectin coated SKOV-3 cells treated with TN SKOV-3 cells were
treated with or without TN (18 μM) for different periods. a. control group; b-f. changes at 30 min (b), 1 h
(c), 2h (d), 4h (e) and 6 h (f).
TEM images obtained from following the treatment with 18 μM TN of fibronectin-coated SKOV-3
cells were presented in Figure 6. Irregular contours
of cells, loss of connections, and the presence of little
cytoplasm were noted in the control group (Figure
6a). At 30 min, chromatin was condensed and diffusely maldistributed. Marginalization were also observed in a significant number of nuclei. The most
important findings were degradation and dissolution
of cytoplasm and some autophagic vacuols. (Figure
6 b).These findings had strengthened by 4 h (Figure
6 c-d).Additionally, the nucleus had shrunk by 6 h
(Figure 6 e-f). At 4 h, nuclear fragmentation and
plasma membrane integrity damaged (Figure 6 e).
After the 6 h, both nuclear membrane and plasma
membrane structures dissolved. Advanced cytoplasmic dissolutions and autophagic vacuols were apparent (Figure 6 f).
As shown in Figure 7, Poly-L-lysine coated
control cells exhibited a fairly intact morpho-

logy.The cytoplasm contained abundant mitochondria and endoplasmic reticula.The nuclei were
darkly stained and located in the central area. At 30
min, autophagic vacuols and vesicular structures
were determined (Figure 7b). After the one hour, nuclear fragmentation, chromatin condensation and
cytoplasmic dissolutions were observed (Figure 7c).
The size of nucleus was significantly reduced and
many autophagic vacuols were shown at 2 h (7d).
Plasma membrane integrity of cells was damage after the 2 h. At 4 h, condensed chromatin was located
along the nuclear envelope and cytoplasmic dissolutions were observed (Figure 7e).
Detection of apoptosis with Annexin V/PI on
fibronecttin bound- SKOV-3 cells after treatment
with TN.To investigate the effects of TN on apoptosis, SKOV-3 cells were either adhered to uncoated
plates or adhered to 50 μg/ml fibronectin coated plates for 2 h (Table 1) and then the cells
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FIGURE 7
Ultrastructural changes of Poly-L-lysine coated SKOV-3 cells treated with TN SKOV-3 cells were
treated with or without TN (18 μM) for different periods. a. control group; b-f. changes at 30 min (b), 1 h
(c), 2 h (d), 4 h (e).
TABLE 1
Apoptotic percentage of SKOV-3 cells adhered to either 50 Pg/ml fibronectin or not after
treatment with 18 PM TN
aControl

Q1
Q2
Q3
Q4

2,75 %
1,60 %
95,36 %
0,28 %

a18

bControl

μM TN
3,12 %
10,24 %
75,26 %
11,38 %

5,1 %
2,5 %
91,4 %
1,0 %

b18

μM TN
34,8 %
10,4 %
43,9 %
10,9 %

a

SKOV-3 cells were adhered to uncoated plates and treated with 18μM TN for 2 h.
SKOV-3 cells were adhered to 50 μg/ml fibronectin coated plates and treated with 18 μM TN for 2 h.
Q1: Necrotic cells (Annexin V -, PI+); Q2: Late apoptotic cells (Annexin V +, PI+).
Q3: Viable cells (Annexin V-, PI-); Q4: Early apoptotic cells (Annexin V+, PI-).
b

the presence of 18 PM TN (10.9 %) or not (1.0 %).
However, the cells in the same state showed higher
necrotic deaths in the presence of 18 PM TN (34.8
%) as compared to unbound cells (3,12 %) and these
data suggest that TN can be able to activate the early
apoptotic signal pathway and interestingly, this signal might be transformed into another cell death

were labelled with Annexin V/PI dye (Table 1). The
results of Annexin V and PI double staining indicated that the early apoptotic rate of SKOV-3 cells was
induced after treatment with 18 PM TN (11.38 %) as
compared the control cells (0.28 %). As seen in Table 1, the binding of cells to 50 Pg/ml fibronectin did
not change the percentage of early apoptotic cells in
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type by the binding of SKOV-3 cells to fibronectin.
Fibronectin stimulates a variety of integrins activations that might be an important signal transduction
pathway in this situation, but this possibility has to
be investigated in more details.
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forms of cell death, including apoptosis and autophagy. While apoptosis is a tightly regulated cellular
suicide program, autophagy is a cellular process for
degradation of cellular components in lysosomes and
is activated by a number of stressors including unfolded protein response (UPR).
ER stress has been reported to induce autophagy in many cellular systems and may represent a
defense mechanism which promotes cell survival).
However, more extreme ER stress can lead to autophagic cell death. Although it is not clear how prosurvival and pro-death outcomes of autophagy are
regulated, it appears that the extent of autophagy
may determine cell fate [22]. On the other hand, the
relationship between apoptosis and autophagy is
very complicated [23]. Under certain circumstances,
autophagy constitutes a stress adaptation that avoids
cell death (and suppresses apoptosis), whereas in
other cellular settings, it constitutes an alternative
cell-death pathway [24]. Autophagy and apoptosis
may be triggered by common upstream signals, and
sometimes this results in combined autophagy and
apoptosis; in other instances, the cell switches between the two responses in a mutually exclusive
manner [24]. The major factors influencing autophagy are Ca2+ homeostasis perturbation and starvation [25].

The releasing of mitochondrial apoptotic
proteins. The effects of TN on localisation of
mitochondrial apoptotic proteins in SKOV-3 cells attached to uncoated or 50 Pg/ml coated fibronectin
plates was investigated by specific immunofluorescent antibodies against either cytochrome c or
Endo G. Figure 8 showed that even after incubation
of cells with 18 PM TN for 30 min, cytochrome c
and Endo G were not displayed on both control cells
and cells adhered to fibronectin. However, these two
apoptotic proteins were more prominently observed
in the cells that were attached to fibronectin after
further incubation time (120 min). These data suggested that inducing the SKOV-3 cells with TN
might be able to stimulate theapoptotic pathway at
the mitochondrial level but still further apoptotic
process in this model system needs to be investigated.
ER stress has profound effects on cellular homeostasis. However, the details of how ER stress
might influence cellular metabolism are largely unknown. Prolonged ER stress often induces multiple

FIGURE 8
The localisation of cytochrome c and Endo G was observed in SKOV-3 cells adhered to uncoated or 50
Pg/ml fibronectin coated plates in the presence of 18 PM TN for 30 and 120 min. The proteins were observed by fluorescence microscopy (40 ×). The experiment was repeated twice.
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Cancer. 16, 432.
[4] Aoudjit, F. and Vuori, K. (2012) Integrin Signaling in Cancer Cell Survival and Chemoresistance. Chemotherapy Research and Practice Volume 2012 Article ID 283181. 16 pages.
[5] Ganguly, K.K.,Pal, S., Moulik, S. and Chatterjee, A. (2013) Integrins and metastasis. Cell
Adh Migr. 7(3), 251±261.
[6] Strobel, T.and Cannistra, S.A.(1999) Beta1-integrins partly mediate binding of ovarian cancer
cells to peritoneal mesothelium in vitro. Gynecol Oncol. 73, 362±367.
[7] Lu, X., Lu, D., Scully, M. and Kakkar, V. (2008)
The role of integrins in cancer and the development of anti-integrin therapeutic agents for cancer therapy. Perspect Medicin Chem. 2, 57±73.
[8] Resende, R.R., Andrade, L.M., Oliveira, A.G.,
Oliveira, A-G., Guimarães E-S., Guatimosim,
S. and Leite, M.F. (2013) Nucleoplasmic calcium signaling and cell proliferation: calcium
signaling in the nucleus. Cell Commun Signal.
11:14.
[9] Chen, Y.F., Chiu, W.T. and Shen, M.R. (2013)
Remodeling of calcium signaling in tumor progression. J Biomed Sci.20:23.
[10] Harhaji, T.L., Vilimanovich, U., Kravic, S.T.,
Bumbasirevic, V. and Trajkovic, V. (2009)
AMPK-mediated autophagy inhibits apoptosis
in cisplatintreated tumour cells. J Cell Mol Med.
13(9 B), 3644± 3654.
[11] Takahashi, A., Camacho, P., Lechleiter, J.D.
andHerman, B. (1999) Measurement of intracellular calcium Physiol Rev. 79(4), 1089±
1125.
[12] Buckley, B.J. and Whorton, A.R. (1997) Tunicamycin increases intracellular calcium levels in
bovine aortic endothelial cells. Am J Physiol. Oct. 273(4 Pt 1), C1298-305.
[13] Lei, Y., Henderson, B.R., Emmanuel, C., Harnett, P.R.and Defazio, A. (2014) Inhibition of
ANKRD1 sensitizes human ovarian cancer cells
to endoplasmic reticulum stressinduced apoptosis. Oncogene. 34(4), 485±495.
[14] Ziomek, G., Cheraghi, Z.P., Arman, D.,Van
Breemen, C. and Esfandiarei, M. (2014) Calcium regulation in aortic smooth muscle cells
during the initial phase of tunicamycin-induced
endo/sarcoplasmic reticulum stress. Eur J Pharmacol. 735(1), 86±96.
[15] Saavedra, M.A. and Devlin, T.M. (1990)
Control of mitochondrial matrix calcium:
studies using fluo-3 as a fluorescent calcium
indicator. Biochem Biophys Res Commun.148153, 167(1), 148±153.
[16] Pinton, P., Giorgi, C., Siviero, R., Zecchini, E.
and Rizzuto, R. (2008) Calcium and apoptosis:
ER-mitochondria Ca2+ transfer in the control of
apoptosis. Oncogene. 27(50), 6407±18.
[17] Deniaud, A., Sharaf el dein, O., Maillier, E.,

In also our study, electron microscopic results
revealed typical apoptotic characters and autophagic
findings in cells (uncoated, fibronectin-coated and
polyL-lysine-coated) treated with TN.Exposure to
TN in SKOV3 cells induced apoptosis and autophagy in a time dependent manner. However, these
findings were observed more earlier and very intensely in fibronectin-coated cells.As known, availability of fibronectin to the cancer cells is a critical
component for metastasis. Fibronectin promotes tumor progression through activation of mitogenic signaling [21]. It has been reported that fibronectin released by peritoneal mesothelial cells stimulates
ovarian cancer cell motility [26] has also been reported to increase the migration of ovarian, pancreatic and breast cancer cells. On the other hand, there
is evidence indicating that metastatic potential is inversely correlated with fibronectin expression [27].
Recent studies hDYH GHPRQVWUDWHG WKDW Įȕ
and ĮYȕLQWHJULQVKDYHmetastatic property in ovarian cells, especially at apoptotic period. These
reseptors play a specific role to fibronectin depending on tissue type and/or celllar conditions. In our
study, we think that these integrins partly or completely lost their metastatic potentials after endoplasmic reticulum stress in SKOV-3 cells treated with
TN. For this purpose, apoptotic period should be investigated after the suppression of integrin expression in fibronectin connected SKOV-3 cells after ER
stress. This study will reveal on which integrin does
WKHDSRSWRWLFSURFHVV¶IXQFWLRQGHSHQGVRQ and (will
SUHVHQW WKHLQWHJULQV¶UROHGXULQJWKLVWLPH
The results obtained from this study may also
contribute to the literature in respect to integrin activation and comparison of effects, moreover, in an
advanced stage, it would be useful for apoptosis induced or cell cycle supressed inhibitors and/or drugs
development.
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DQDORJRXV WUDQVSRUWDWLRQ SURSHUWLHV RI JDV DQG VRO
YHQWSURSHUWLHVOLNHOLTXLGZKLFKLVNQRZQDVVXSHU
FULWLFDOZDWHU 6&: >@6&:LVDQRQSRODUVROYHQW
WKDWFDQEH FRPSOHWHO\ PLVFLEOH ZLWKRUJDQLFFRP
SRXQGVDQGJDVHVVXFKDVK\GURJHQQLWURJHQDQGR[
\JHQ+RZHYHULWLVDSRRUVROYHQWIRUSRODUPDWHUL
DOV VXFK DV LQRUJDQLF VDOWV DQG RWKHU LRQLF FRP
SRXQGV>@EHFDXVHWKHGLHOHFWULFFRQVWDQWRI6&:
VKDUSO\GHFUHDVHVGR]HQVRUHYHQKXQGUHGVRIWLPHV
WKDQWKDWRIWKHZDWHUXQGHUDPELHQWFRQGLWLRQVH[
KLELWLQJQRQSRODULW\>@,QUHODWLRQWRYLVFRVLW\LW
LVVPDOOHQRXJKWRFDUU\RXW UHDFWLRQVDWYHU\KLJK
YHORFLWLHVXQGHUVXSHUFULWLFDOFRQGLWLRQV>@7KHUH
IRUH6&:LVDQDGPLUDEOHPHGLXPWKDWKDVEHHQXWL
OLVHG LQ 6&:2 SURFHVVHV IRU WKH GHJUDGDWLRQ RI
ZDVWHV VXFK DV VHZDJH VOXGJH FKHPLFDO ZHDSRQV
DQGRWKHUUHIUDFWRU\RUJDQLFFRPSRXQGV>@0HDQ
LQJIXOO\RULJLQDOKHDY\PHWDOVVXFKDV0Q=QDQG
&XDUHDOVRSRVVLEOHWREHUHFRYHUHGE\6&:2UHDF
WLRQVLQWKHIRUPRILQVROXEOHR[LGHVDQGVDOWV>@
ZKLFKH[KLELWSUDFWLFDODSSOLFDWLRQIRUWKHWUHDWPHQW
RI UHIUDFWRU\ ZDVWH %HVLGHV 6&:2 RIIHUV VRPH
RWKHUSRWHQWLDODGYDQWDJHVVXFKDVSURYLGLQJHDVLHU
VDOWVVHSDUDWLRQGXHWRWKHLUH[WUHPHO\ORZVROXELOL
WLHVLQ6&:DYHU\VKRUWUHVLGHQFHWLPH XVXDOO\OHVV
WKDQ VHYHUDO PLQXWHV  DFKLHYLQJ KHDW VHOIVXIIL
FLHQF\DQGHQHUJ\VDYLQJZLWKDUHODWLYHO\ORZFRQ
FHQWUDWLRQ RI RUJDQLF PDWWHU IHHGVWRFN GXH WR H[R
WKHUPLFUHDFWLRQV>@7KHUHIRUH6&:2WHFK
QRORJ\ LV DQ HIIHFWLYH DQG SURPLVLQJ GHVWUXFWLRQ
PHWKRGIRURUJDQLFZDVWHZDWHUDQGVHZDJHVOXGJH
RUDQDOWHUQDWLYHWRFRQYHQWLRQDOPHWKRGV
0HWDORUJDQLFIUDPHZRUNV 02)V DUHDQLQWUL
JXLQJW\SHRILQRUJDQLFRUJDQLFK\EULGSRURXVFU\V
WDOOLQHPDWHULDOVZKLFKSRVVHVVDWKUHHGLPHQVLRQDO
ZHOOGHILQHGVWUXFWXUHDQGDUHFRQVWUXFWHGE\PHWDO
FRQWDLQLQJ QRGHV FRQQHFWHG E\ YDULRXV RUJDQLF
EULGJHV >@ 2ZLQJ WR WKHLU FKDUDFWHULVWLF RI KLJK
VXUIDFH DUHD ODUJH SRUH YROXPH DQG WXQDEOH WRSRO
RJ\ 02)EDVHG PDWHULDOV KDYH EHHQ H[SORLWHG GL
YHUVHDSSOLFDWLRQVLQVHSDUDWLRQJDVDQGYDSRXUVWRU
DJH FDWDO\VLV GUXJ GHOLYHU\ RSWLFDO VZLWFKLQJ GH
YLFHDQGVRRQ>@
7KHPDLQREMHFWLYHRIWKLVZRUNZDVWRLQYHVWL
JDWH WKH RLOILHOG ZDVWHZDWHU WUHDWPHQW HPSOR\LQJ
PHWDORUJDQLFIUDPHZRUNDVFDWDO\VW

ABSTRACT
$QRYHOPHWDORUJDQLFIUDPHZRUN 02) SRV
VHVVLQJKLJKVXUIDFHDUHDDQGJRRGFDWDO\WLFDFWLYLW\
ZDVSURSRVHGDVDKHWHURJHQHRXVFDWDO\VWIRUGHJUDG
LQJ KLJK FRQFHQWUDWLRQ RI RLOILHOG ZDVWHZDWHU 6X
SHUFULWLFDO ZDWHU R[LGDWLRQ 6&:2  RI RLOILHOG
ZDVWHZDWHUZDVSHUIRUPHGLQDEDWFKUHDFWRU(IIHFW
RIUHDFWLRQSDUDPHWHUVVXFKDVUHVLGHQFHWLPHUHDF
WLRQWHPSHUDWXUHDQGFDWDO\VWGRVHZDVLQYHVWLJDWHG
7KHH[SHULPHQWDOUHVXOWVVKRZHGWKDW6&:2FDQHI
IHFWLYHO\UHPRYHWKHRUJDQLFFRPSRXQGVRIWKHRLO
ILHOG ZDVWHZDWHU DQG UHVLGHQFH WLPH DQG UHDFWLRQ
WHPSHUDWXUHDUHWKH PDLQIDFWRUVIRUFKHPLFDOR[\
JHQGHPDQG &2' UHPRYDORIRLOILHOGZDVWHZDWHU
7KH SUHOLPLQDU\ VWXG\ RI PHFKDQLVP RQ RLOILHOG
ZDVWHZDWHUE\6&:2LVFDUULHGRXW7KHUHVXOWLQGL
FDWHVWKDWRLOILHOGZDVWHZDWHUWUHDWPHQWE\6&:2
FDQEHH[SODLQHGE\IUHHUDGLFDOPHFKDQLVP

KEYWORDS:
0HWDORUJDQLF IUDPHZRUN RLOILHOG ZDVWHZDWHU &2' UH
PRYDOFDWDO\VW

INTRODUCTION
$ODUJHDPRXQWRIRLOILHOGZDVWHZDWHULVSUR
GXFHGIURPRLOH[SORLWDWLRQVWRUDJHWUDQVSRUWDWLRQ
RLO GHK\GUDWLRQ DQG UHXVH SURFHVVHV >@ (QYLURQ
PHQWDOFRQWDPLQDWLRQE\SHWUROHXPLQFUHDVHVHQRU
PRXVO\DQGEHFRPHVDVHULRXVSUREOHPZRUOGZLGH
VRLWVKRXOGEHWUHDWHGXVLQJDVXLWDEOHPHWKRGEHIRUH
GLVFKDUJLQJ LQWR HQYLURQPHQW 2LOILHOG ZDVWHZDWHU
LVW\SLFDOO\KDUGWREHWUHDWHGGXHWRLWVFKDUDFWHULV
WLFV RI KLJK FKHPLFDO R[\JHQ GHPDQG &2'  ORZ
ELRFKHPLFDO R[\JHQ GHPDQG %2'  KLJK WR[LFLW\
DQGGLIILFXOWUHPRYLQJGLVVROYHGRLO>@1RZDGD\V
RLOILHOGZDVWHZDWHULVJHQHUDOO\WUHDWHGZLWKSK\VL
FRFKHPLFDO PHWKRGV RI IORWDWLRQ >@ FRDJXODWLRQ
VHGLPHQWDWLRQ >@ PLFURHOHFWURO\VLV >@ DQG DG
YDQFHG R[LGDWLRQ SURFHVVHV >@ $OWKRXJK YDULRXV
SURFHVVHVDUHXVHGLQRLOILHOGZDVWHZDWHUWUHDWPHQW
WKHUHDUHVWLOOVRPHSUREOHPVUHPDLQLQJLQWKHVHSUR
FHVVHV>@
$ERYH WKH FULWLFDO SRLQW 7  & 3 
 03D  ZDWHU H[LVWV DV D VLQJOH SKDVH DQG KDV
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UHDFWLRQWHPSHUDWXUHLVPDLQO\WKURXJKWKHLQIOXHQFH
RIWKHUHDFWLRQUDWHFRQVWDQWIRUUHPRYDORIRUJDQLF
VXEVWDQFH:LWKWKHLQFUHDVHRIWKHUHVLGHQFHWLPHRI
WKHUHDFWLRQ&2'UHPRYDOHIILFLHQF\LQFUHDVHGDQG
ZKHQWKHUHVLGHQFHWLPHRIVWKHRLOILHOGXQGHU
GLIIHUHQW WHPSHUDWXUH FRQGLWLRQV RI &2' UHPRYDO
FDQ PHHW HIIOXHQW UHTXLUHPHQWV :LWK WKH JURZWK
ZKLOHWDNLQJLQWRDFFRXQWWKHUHDFWLRQWLPHUHGXFHV
FRQFHQWUDWLRQRIUHDFWDQWVLWZLOOLQHYLWDEO\OHDGWR
ORZHUUHDFWLRQUDWHVWKHUHE\VORZLQJWKHSURJUHVVRI
WKH UHDFWLRQ WKH RWKHU KDQG WKH YROXPH RI SUR
FHVVLQJHTXLSPHQWWRH[WHQGWKH UHVLGHQFHWLPH UH
TXLUHGZLOOLQFUHDVHWKHHFRQRPLFFRVWUHTXLUHPHQWV
PRUHKLJK

MATERIALS AND METHODS
&DWDO\VW SUHSDUDWLRQ 6\QWKHVLV RI
&X %7&  +2 ā[+2 ,Q D W\SLFDO V\QWKHVLV
J PPRO &X 12 ā+2ZHUHGLVVROYHG
LQPOGHLRQLVHGZDWHUDQGPL[HGZLWKJ 
PPRO RIWULPHVLFDFLGGLVVROYHGLQPOHWKDQRO
7KHVROXWLRQZDVILOOHGLQDPO7HIORQOLQHUSODFHG
LQDQDXWRFODYHDQGKHDWHGWR.IRUK
&DWDO\WLFWHVW&DWDO\WLFZHWDLUR[LGDWLRQUHDF
WLRQVZHUHFDUULHGRXWLQDO+DVWHOOR\&DXWR
FODYHHTXLSSHGZLWKDPDJQHWLFDOO\GULYHQVWLUUHU,Q
D W\SLFDO H[SHULPHQW  PO RLOILHOG ZDVWHZDWHU
7DEOH DQGWKHFDWDO\VWZHUHSRXUHGLQWRWKHDXWR
FODYHWKDWZDVIOXVKHGZLWKKHOLXP7KHUHDFWRUZDV
KHDWHGXSWR&DQGWKHVWLUULQJVSHHGZDVVHWDW
USP$WWKH LQLWLDOWLPH RIWKHUHDFWLRQ+ 2
ZDVLQWURGXFHGLQWRWKHUHDFWRU*DVSKDVHDQGOLT
XLGSKDVHVDPSOHVZHUHVLPXOWDQHRXVO\DQGSHULRGL
FDOO\FROOHFWHGIRUDQDO\VLV

(IIHFW RI FDWDO\VW )LJXUH  LQGLFDWHV WKH XS
ZDUGWUHQGRI&2'UHPRYDOZLWKWKHULVHRIFDWDO\VW
GRVH&2'UHPRYDOLVORZZLWKRXWDGGLQJWKHFDWD
O\VWEXW&2'UHPRYDOLQFUHDVHVTXLFNHUWKDQWKDWRI
ZLWKRXWDGGLQJWKHFDWDO\VW:KHQWKHUHVLGHQFHWLPH
LVVFDWDO\VWGRVHLQFUHDVHVIURPWRPJ
&2' UHPRYDO LQFUHDVHV IURP  WR 6R
WKHDSSURSULDWHFDWDO\VWGRVHLVPJ
The reaction mechanism of SCWO is the following:
H2O2ĺ 2OH
(1)
(2)
2H2O2ĺ2H2O + O2
RH+OH ĺR + H2O
(3)
R+O2 ĺ ROO
(4)
ROO + RH ĺ ROOH + R
(5)

RESULTS AND DISCUSSION
$FFRUGLQJ WR 7DEOH  LQFUHDVLQJ WKH UHDFWLRQ
WHPSHUDWXUH KDV D VLJQLILFDQW HIIHFW RQ &2' UH
PRYDO:KHQUHVLGHQFHWLPHLVVDQGWKHWHPSHU
DWXUHLV&WKH&2'UHPRYDOLVZKLOH
WKH WHPSHUDWXUH ULVHV WR & &2' UHPRYDO LQ
FUHDVHV WR $FFRUGLQJ WR WKH OLWHUDWXUH WKH

7$%/(
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),*85(
(IIHFWRIFDWDO\VWRQR[LGDWLRQH[SHULPHQWVIRUWKHZDVWHZDWHUFRQGXFWHGLQWKH6&:2V\VWHP
YLD KHWHURJHQHRXV R[LGDWLRQ SURFHVV 7KH UHVXOWV
VKRZHGWKDW6&:2ZLWKQRYHOPHWDORUJDQLFIUDPH
ZRUNFDWDO\VWFDQHIIHFWLYHO\ UHPRYH RUJDQLFFRP
SRXQGVRIRLOILHOGZDVWHZDWHUWKH&2'UHPRYDOLV
XSWRZKHQFDWDO\VWGRVHLVPJ5HDFWLRQ
WHPSHUDWXUH DQG UHVLGHQFH WLPH DUH WKH LPSRUWDQW
IDFWRUVWKDWDIIHFW&2'UHPRYDODQGWKHDSSURSULDWH
UHDFWLRQWHPSHUDWXUHLV&WKHUHVLGHQFHWLPHLV
VFree radical reaction mechanism can explain
the process of grease compounds obtaining in the oxidation and degradation by SCWO very well.

Peroxide is usually decomposed to smaller molecule compounds, and the rupture promptly carries
out then stops until formic acid or acetic acid generates. Formic acid or acetic acid is converted to CO2
and H2O finally. It is generally thought that equation
(3) is the rate- determining step.
When hydrogen peroxide is in redox reaction,
the reaction is below:
(1)
H2O2 ĺ2OH
Generated OH can react with organic compounds then is oxidised, so it plays a critical role in
the whole oxidation process [18]. In addition, Tagaki
and Ishigure [19] speculated that decomposition reaction of hydrogen peroxide is under the following
pathway:
H2O2 ĺ 2OH
(1)
OH + H2O2 ĺ H2O+ HO2
(6)
OH + HO2 ĺ H2O + O2
(7)
(8)
HO2 + HO2 ĺ H2O2 + O2
It is seen that oxygen is one product of hydrogen
peroxide. At the same time, there are reactions that
occur in oxygen and water systems.
(9)
H2O + O2 ĺ OH + HO2
HO2 + H2O ĺ OH + H2O2
(10)
H2O2 + O2 ĺ HO2 + HO2
(11)
It is seen that oxygen and water can also generate hydrogen peroxide during the reaction. That
means whatever initial state is the system of O2 and
H2O or H2O2 and H2O, it will be transformed into a
mixing system.
To sum up, free radical reaction mechanism can
explain the process of grease compounds in the oxidation and degradation by SCWO very well.
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YDU\>@
7KH VHZDJH LV VHQW WR WKH::73 DIWHU VHZHU
V\VWHP 'XULQJ ZHW ZHDWKHU LQIOXHQW IORZ DQG DF
FRPSDQ\LQJ ORDGV RIWHQ H[FHHG WKH FDSDFLW\ RI DQ
H[LVWLQJ ::73 ,Q DGGLWLRQ VWRUP UXQRII ZDVKHV
RXWYDULRXVSROOXWDQWVIURPGLIIHUHQWXQGHUO\LQJVXU
IDFHV VXFK DV QXWULHQW SROOXWLRQ VXVSHQGHG VROLGV
DQGRUJDQLFSROOXWDQWVIURPODZQVURRIVDQGSDUN
LQJDUHDV >@7KHUHIRUHWKH LQIOXHQWTXDOLW\RIWKH
::73LQWKHZHWZHDWKHUPD\EHGLIIHUHQWIURPGU\
ZHDWKHU$WPXQLFLSDO::73ELRORJLFDOWUHDWPHQW
SURFHVV LV WKH EDFNERQH RI WKH SROOXWDQW UHPRYDO¶V
HIIHFWLYHQHVVLQPHHWLQJSHUPLWOLPLWV,IELRPDVVDUH
ZDVKHGRXWRIWKHPDLQVWUHDPSURFHVVEHFDXVHRIWKH
SHDNIORZGXULQJZHWZHDWKHUSHUIRUPDQFHRIELR
ORJLFDO WUHDWPHQW V\VWHP FDQ EH DGYHUVHO\ DIIHFWHG
IRU DQ H[WHQGHG SHULRG7KHUHIRUH DFFRUGLQJ WR WKH
FKDQJLQJ LQIOXHQW FRQGLWLRQ DQG WKH FRUUHVSRQGLQJ
UHVSRQVH RI ELRORJLFDO WUHDWPHQW SURFHVV LQ ZHW
ZHDWKHUWKHRSHUDWLRQDOVWUDWHJ\RI::73PD\EH
GLIIHUHQWIURPGU\ZHDWKHURSHUDWLRQDOVWUDWHJ\
5HVHDUFKRQG\QDPLFHIIHFWVRIZHWZHDWKHURQ
ELRORJLFDOWUHDWPHQWSURFHVVDQGRSWLPL]DWLRQRIRS
HUDWLRQDO VWUDWHJLHV IRU ::73 GXULQJ ZHW ZHDWKHU
E\FDUU\LQJRXWSUDFWLFDOWHVWVLVFOHDUO\LPSRVVLEOH
7KXVPRGHOLQJRIIHUVDSRZHUIXODSSURDFKWRVROYH
WKLVSUREOHP0DQ\VRIWZDUHSDFNDJHV>@KDYHEHHQ
GHYHORSHGWRVLPXODWHWKHVWRUPUXQRIITXDQWLW\DQG
TXDOLW\IRUH[DPSOH6:00>@,QIR:RUNV&6>@
DQG VR RQ$FWLYDWHG VOXGJH PRGHOV $60V  KDYH
EHHQ XVHG LQ GHVLJQ XSJUDGH DQG RSWLPL]DWLRQ RI
::73V>@$60VDUHLQFRUSRUDWHGLQPRVWRIWKH
FRPPHUFLDO VLPXODWLRQ VRIWZDUH VXFK DV %LR:LQ
*36;:(67
7KLV VWXG\ IRFXVHV RQ WKH G\QDPLF HIIHFWV RI
ZHW ZHDWKHU IORZ DQG FRQFHQWUDWLRQ RQ ELRORJLFDO
WUHDWPHQW SURFHVV DW D W\SLFDO R[LGDWLRQ GLWFK
::73 DV ZHOO DV FRQVLGHUDWLRQ IRU RSHUDWLRQDO
VWUDWHJ\ RI WKH ELRORJLFDO WUHDWPHQW V\VWHP GXULQJ
ZHW ZHDWKHU HYHQWV ZLWK WKH LQWHJUDWHG VLPXODWLRQ
PHWKRG

ABSTRACT
,Q RUGHU WR LPSURYH WUHDWPHQW HIILFLHQF\ RI
ZDVWHZDWHUWUHDWPHQWSODQW ::73 LQZHWZHDWKHU
FRQGLWLRQG\QDPLFHIIHFWVRIZHWZHDWKHURQELRORJ
LFDO WUHDWPHQW SURFHVV ZDV VWXGLHG ZLWK WKH LQWH
JUDWHGVLPXODWLRQ7KHVHZHUPRGHOZDVHVWDEOLVKHG
WRVLPXODWHWKHGLVWULEXWLRQRIUXQRIIIORZDQGSROOX
WDQW FRQFHQWUDWLRQV LQ D UDLQIDOO HYHQW LQ WKH VWXG\
DUHDVHUYHGE\:X]KRQJ::737KH::73PRGHO
ZDVFDOLEUDWHGDQGYDOLGDWHGZLWKWKHKLVWRULFDODQG
PHDVXUHGGDWDRQWKH%LR:LQVRIWZDUH/RZHUVROX
EOHDQGUHDGLO\ELRGHJUDGDEOHIUDFWLRQVKLJKHUSDU
WLFXODU IUDFWLRQV GXULQJ WKH ZHW ZHDWKHU ZHUH SUH
VHQWHG LQ WKH LQIOXHQW 6L[ GLIIHUHQW UHWXUQ SHULRG
VWRUPVZHUHGHVLJQHGWRVLPXODWHZDWHUTXDQWLW\DQG
TXDOLW\ RI WKH VWXG\ DUHD 7KH UHVXOWV VKRZHG ZHW
ZHDWKHUHYHQWVFKDQJHGWKHFKDUDFWHULVWLFVRIWKHEL
RORJLFDOVROLGVLQYHQWRU\DQGLWVORFDWLRQPHDQZKLOH
LW FDQ UHGXFH WKH UHPRYDO HIILFLHQF\ RI ELRORJLFDO
WUHDWPHQWSURFHVV)LQDOO\RSHUDWLRQDOVWUDWHJLHVRI
::73 GXULQJ ZHW ZHDWKHU HYHQWV ZHUH HYDOXDWHG
DQGSURYLGHG
.(<:25'6
6HZHU PRGHOLQJ ::73 PRGHOLQJ :HW ZHDWKHU '\
QDPLFUHVSRQVH

INTRODUCTION
7KH XUEDQ GUDLQDJH V\VWHP LV DQ HQJLQHHULQJ
IDFLOLW\ V\VWHP IRU WUHDWPHQW DQG UHPRYDO RI XUEDQ
VHZDJHDQGUDLQUXQRIIDQGLVDFRPSRQHQWRIXUEDQ
SXEOLFXWLOLWLHV7KHXUEDQGUDLQDJHV\VWHPLVXVXDOO\
FRPSRVHGRID VHZHUV\VWHP DQG ZDVWHZDWHUWUHDW
PHQWSODQW ::73 
&RPELQHGDQGVHSDUDWHGDUH W\SLFDO OD\RXWRI
WKHVHZHUV\VWHPZKLFKDUHZLGHO\XVHGDOORYHUWKH
ZRUOG)RUWKHFRPELQHGVHZDJHDQGVWRUPUXQRII
HQWHULQWR::73WKURXJKWKHSLSHWRJHWKHU)RUWKH
VHSDUDWHGWKHUHKDYHVLJQLILFDQWDPRXQWVRILQILOWUD
WLRQ DQG LQIORZ GXULQJ ZHW ZHDWKHU HYHQWV LQ WKH
PRVWLQVWDQFHV'HSHQGLQJRQZKHWKHUWKHV\VWHPLV
VHSDUDWHGRUFRPELQHGZHWZHDWKHUUHVSRQVHV ZLOO
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RXVHPSLULFDOYDOXHVKDYHEHHQDFFXPXODWHGLQSUDF
WLFH
7KH VLPXODWLRQV RI ELRORJLFDO WUHDWPHQW SUR
FHVVHVLQ::73ZHUHFDUULHGRXWZLWKWKH KHOSRI
%LR:LQ VRIWZDUH %LR:LQ XVHV WKH LQWHJUDWHG DFWL
YDWHGVOXGJHDQDHURELFGLJHVWLRQ $6$' PRGHOWR
GHVFULEH WKH ELRORJLFDO WUHDWPHQW SURFHVV $6$'
PRGHOLVDFRPELQDWLRQRIWKHLQWHUQDWLRQDODFFHSWHG
PRGHOV$60$60'DQG$60SURSRVHGE\WKH
,:$LQDGGLWLRQDQDHURELFGLJHVWLRQPRGHO $'0 
%LR:LQ VRIWZDUH KDV EHHQ RQH RI WKH XVHIXO VRIW
ZDUHVLQVLPXODWLQJDQGRSWLPL]LQJWKHRSHUDWLRQRI
WKHZDVWHZDWHUWUHDWPHQWSURFHVVHV>@
7KH LQWHJUDWHG XUEDQ ZDVWHZDWHU PRGHOLQJ
ZKLFK LQFOXGH 6:00 DQG %LR:LQ ZDV XVHG IRU
VLPXODWLRQLQWKLVVWXG\

MATERIALS AND METHODS
'HVFULSWLRQ RI WKH ::73 7KH :X]KRQJ
::73 VWXGLHG LQ WKLV FDVH LV ORFDWHG LQ WKH
:X]KRQJGLVWULFWRI6X]KRX&KLQDThe sewer system in the catchment area of the WWTP mainly receives domestic wastewater from several communes
located in the northern canal of Wuzhong district.
The service area is about 5.6 km2, service population
is 73,000. It is adopted intercepting combined sewer
system. :KHQLQIOXHQWIORZLVQRWWRRKLJKVHZDJH
DQGVWRUPUXQRIIZLOOEHVHQWLQWR::73ZLWKSLSH
WRJHWKHUWhen influent flow exceeds the capacity of
the WWTP, part of storm runoff is discharged into
WKHQHDUE\UHFLSLHQWZLWKintercepting pipe
)RU :X]KRQJ ::73 WKH GHVLJQHG DYHUDJH
VHZDJH WUHDWPHQW FDSDFLW\ FRUUHVSRQGV WR DSSUR[L
PDWHO\PGD\$ VFKHPDWLFIORZGLDJUDP
RI::73LVVKRZQLQ)LJ)ROORZLQJVFUHHQLQJ
DQGJULWFKDPEHUWUHDWPHQWVHZDJHLVLQWURGXFHGLQ
WKHELRORJLFDOWUHDWPHQWSURFHVVFRQVLVWLQJRIDQDHU
RELFWDQNDQGFDUURXVHOR[LGDWLRQGLWFK7KHFDUURX
VHOR[LGDWLRQGLWFKLVGLYLGHGLQWRIRXUFRUULGRUVZLWK
VHYHQPHFKDQLFDODHUDWRUV a WRFRQWURODQR[LF
DQGDHURELFFRQGLWLRQV$FWLYDWHGVOXGJHLVVHWWOHGLQ
WKHVHFRQGDU\FODULILHU$IWHUVHWWOLQJHIIOXHQWLVGLV
FKDUJHGLQWRWKHQHDUE\UHFLSLHQWDIWHU89GLVLQIHF
WLRQDQGDSURSRUWLRQRIVOXGJHLVUHWXUQHGWRWKHDQ
DHURELFWDQNZKLOHRWKHUVOXGJHLVWUDQVSRUWHGDIWHU
GHK\GUDWLRQ7KHSODQWKDVOLPLWVIRUFKHPLFDOR[\
JHQ GHPDQG &2'  ELRORJLFDO R[\JHQ GHPDQG
%2'  WRWDO VXVSHQGHG VROLGV 766  DPPRQLXP
1+1  WRWDO QLWURJHQ 71  DQG WRWDO SKRVSKR
UXV 73 RIDQGPJ/IRULQVWDQWD
QHRXVHIIOXHQWUHTXLUHPHQWVUHVSHFWLYHO\

6XEPRGHOV  6HZHUPRGHO,Q6:00WKH
VHUYHGDUHDE\:X]KRQJ::73ZDVGLYLGHGLQWR
VXEFDWFKPHQWV  GUDLQDJH SLSH VHFWLRQV  SLSH
QHWZRUNQRGHVDQGRQHHQGRXWOHWDFFRUGLQJWRWKH
WRSRJUDSK\DQGSLSHQHWZRUNGLVWULEXWLRQPDSRIWKH
VWXG\DUHD7KHGLYLVLRQUHVXOWLVVKRZQLQ)LJ
&RPELQHGZLWKWKHDYDLODEOHGDWDWKHODQGXVH
W\SH RI WKH VWXG\ DUHD ZDV GLYLGHG LQWR UHVLGHQWLDO
ODQGWUDIILFURDGFRPPHUFLDOODQGDQGJUHHQVSDFH
*UHHQ$PSWPRGHOZDVVHOHFWHGWRVLPXODWHLQILOWUD
WLRQ ORVVHV 7KH QRQOLQHDU UHVHUYRLU UXQRII PRGHO
ZDVXVHG IRUVXUIDFH UXQRIIFDOFXODWLRQ7KH 6DLQW
9HQDQW IORZ HTXDWLRQV ZHUH HPSOR\HG WR JRYHUQ
IORZURXWLQJZLWKLQDFRQGXLWOLQNIRUJUDGXDOO\YDU
LHG WXUEXOHQW XQVWHDG\ IORZ LQ 6:00 '\QDPLF
ZDYH URXWLQJ PRGHO ZDV XVHG WR VLPXODWH ZDWHU
PRYHPHQWLQDSLSHOLQHWUDQVPLVVLRQV\VWHP,QWKLV
VWXG\WKHVDWXUDWLRQHTXDWLRQZDVVHOHFWHGWRVLPX
ODWHVXUIDFHFRQVWLWXHQWTXDQWLW\DFFXPXODWLRQ7KH
ZDVKRII ZDV VLPXODWHG ZLWK WKH H[SRQHQWLDO HTXD
WLRQ
$FFRUGLQJWRFROOHFWHGDQGPHDVXUHGGDWDWKH
VHZHUPRGHOZDVFDOLEUDWHGDQGYDOLGDWHG%HFDXVH
VROXEOH QXWULHQW ORDGLQJV VXFK DV DPPRQLD RUWKR
SKRVSKDWHGRQ¶WLQFUHDVH GXULQJ ZHW ZHDWKHU>@
FRXSOHWKDWZLWKWKHFKDUDFWHULVWLFVRIWKHXQGHUO\LQJ
VXUIDFH RI WKH VWXG\ DUHD 71 73 &2' DQG 766
ZHUHHPSOR\HGLQWKHZDWHUTXDOLW\VLPXODWLRQ

6LPXODWLRQ WRRO 6WRUP ZDWHU PDQDJHPHQW
PRGHO 6:00 LVDSXEOLFGRPDLQPRGHONQRZQDV
LWVLPSOHPHQWIRUVLPXODWLQJDVLQJOHUDLQIDOOUXQRII
HYHQWRUORQJWHUPZDWHUTXDQWLW\DQGTXDOLW\LQXU
EDQ DUHD >@ 6:00 LQFOXGHV UXQRII PRGXOH VXU
IDFH SROOXWDQW DFFXPXODWLRQ DQG ZDVKLQJ PRGXOH
WUDQVSRUWDWLRQ PRGXOH 6:00 KDV EHHQ ZLGHO\
XVHG LQ VLPXODWLQJ WKH IORZ DQG ZDWHU TXDOLW\ RI
VWRUPZDWHUUXQRIILQ&KLQD>@WKHUHIRUHYDUL
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7KHFROOHFWLRQV\VWHPLQWKHFDWFKPHQWDUHDRIWKH:X]KRQJ::73
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7$%/(
&DOLEUDWHGUHVXOWVRIGRPLQDQWK\GURORJLFDOSDUDPHWHUVRIVXEFDWFKPHQWVDQGFRQGXLWV
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&DOLEUDWHG
6XEFDWFKPHQW
'SHU P
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6XEFDWFKPHQW
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&DOLEUDWHG
&RQGXLWV
:LGZLGWK6ORVORSH1LPSLPSHUYLRXVURXJKQHVVFRHIILFLHQW1YDOXHV1SHUSHUPHDEOHURXJKQHVVFRHIIL
FLHQW1YDOXHV'LPSGHSUHVVLRQVWRUDJHGHSWKLQLPSHUYLRXVDUHD'SHUGHSUHVVLRQVWRUDJHGHSWKLQSHUPHDEOH
DUHD=LPS,PSHUPHDEOHDUHDSHUFHQWDJHZLWKRXWGHSUHVVLRQVWRUDJH
5HDFWRUV &675V $FFRUGLQJWRWKHVFKHPDWLFIORZ
GLDJUDP LQ )LJ  WKH ELRORJLFDO WUHDWPHQW SURFHVV
PRGHORI:X]KRQJ::73LQ%LR:LQLVVKRZQ LQ
)LJ  LQ ZKLFK ³$Q´ UHSUHVHQWV XQDHUDWHG WDQN
³%5´UHSUHVHQWVDHUDWHGWDQN7KHFDUURXVHOR[LGD
WLRQ GLWFK ZDV PRGHOHG DV HLJKW XQDHUDWHG &675V
DQGVHYHQDHUDWHG&675VLQVHULHVXVLQJHTXDOYRO
XPH&675ZLWKDQLQWHUQDOUHF\FOHIORZ7KHDHUD
WLRQSHUIRUPDQFHRIWKHR[LGDWLRQGLWFKZDVPRGHOHG
E\LQSXWWLQJR[\JHQWUDQVIHUUDWHDQGSRZHURIHDFK
DHUDWRUFRQWUROOLQJGLVVROYHGR[\JHQLQWKHSUHDQ
R[LF]RQH $Q DQGSRVWDQR[LF]RQH $Q DW
DQGPJ2/UHVSHFWLYHO\
'DLO\FRPSRVLWHVDPSOHVIURPD RQH\HDUSH
ULRG $SULOWR0DUFK GLYLGHGLQWR
WKUHHGLIIHUHQW ZDWHUWHPSHUDWXUH UDQJHV aΥ
aΥaΥ ZHUHXVHGIRUFDOLEUDWLRQ$Q
RWKHUKLVWRULFDOGDWDIURPDRQH\HDUSHULRG $SULO
 WR 0DUFK    ZDV XVHG IRU YDOLGDWLRQ
9DOLGDWLRQZDVWDNHQXQGHUWKHGDLO\G\QDPLFFRQGL
WLRQ9DULDEOHVFKRVHQIRUPRGHOFDOLEUDWLRQDQGYDO
LGDWLRQ ZHUH HIIOXHQW &2' 1+17173766
DQGPL[HGOLTXRUVXVSHQGHGVROLGV 0/66 LQR[LGD
WLRQGLWFK
To simulate biological treatment process in
Wuzhong WWTP, wastewater characterization was
calculated with a physical/ chemical method proposed by Mamais et al. [15]. The calibrated kinetic
parameters are shown in Table 3. The calibration results of WWTP model are shown in Table 4. For the
different water temperature ranges in one year, the
relative error of MLSS in the oxidation ditch was
less than 10%, absolute errors between simulated
and measured results of effluent variables were almost below 1.0 mg/L, and the absolute error of TSS
was below 3.0 mg/L. It indicated that the simulated
results and the measured matched well in the different temperature ranges of the whole year and the
steady simulation results were acceptable.

+\GURORJLFDO SDUDPHWHUV RI WKH VHZHU PRGHO
IRUVWXG\DUHDZHUHFDOLEUDWHGXVLQJWKHV\QFKURQRXV
UDLQIDOODQGZDWHUTXDQWLW\PRQLWRULQJGDWDLQ0D\
 )LJD DQGWKHQZHUHYDOLGDWHGDFFRUGLQJWR
WKHPHDVXUHGGDWDLQ$XJXVW )LJE 7KHFDO
LEUDWHGDQGYDOLGDWHGIORZSURFHVVHVDWWKHRXWOHWRI
VWXG\DUHDDUHUHVSHFWLYHO\VKRZQLQ)LJFG7D
EOHSUHVHQWVWKHFDOLEUDWHGUHVXOWVRIGRPLQDQWK\
GURORJLFDO SDUDPHWHUV RI VXEFDWFKPHQWV DQG FRQ
GXLWV
:DWHU TXDOLW\ SDUDPHWHUV RI WKH PRGHO ZHUH
FDOLEUDWHGDFFRUGLQJWRV\QFKURQRXVPRQLWRULQJGDWD
RIZDWHUTXDOLW\DQGTXDQWLW\DIWHUWKHFDOLEUDWLRQRI
K\GURORJLFDOSDUDPHWHUV)LJDGSUHVHQWVWKHFDOL
EUDWHGFRQFHQWUDWLRQSURFHVVHVRIIRXUPDMRUSROOX
WDQWV DW WKH RXWOHW RI WKH VWXG\ DUHD LQ 0D\ 
ZKLOH )LJ HK VKRZV WKH FRUUHVSRQGLQJ YDOLGDWHG
UHVXOWV LQ$XJXVW 7KH FDOLEUDWHG EXLOGXS DQG
ZDVKRIISDUDPHWHUVDUHSUHVHQWHGLQ7DEOH
,WVKRZHGWKDWWKHVLPXODWHGIORZSURFHVVILWWHG
ZHOO ZLWK WKH PHDVXUHG IORZ SURFHVV DQG WKDW WKH
VLPXODWHGSHDNIORZYDOXHVZHUHFORVHWRWKHPHDV
XUHGYDOXHV7KHVLPXODWHGFRQFHQWUDWLRQSURFHVVRI
7173&2'DQG766DWWKHRXWOHWDOVRILWWHGZHOO
ZLWKPHDVXUHGGDWD7KHVLPXODWLRQUHVXOWVVKRZHG
WKDW WKH FRQWLQXRXV HUURUV RI VXUIDFH UXQRII IORZ
URXWLQJDQGTXDOLW\URXWLQJDUHUHVSHFWLYHO\
DQGGXULQJFDOLEUDWLRQVWDJHZKLFKDUH
UHVSHFWLYHO\DQGGXULQJYDOLGD
WLRQ VWDJH 7KHVH UHVXOWV LQGLFDWH WKDW WKH PRGHO
PHHWVDFFXUDF\UHTXLUHPHQWVZLWKDJRRGUHSUHVHQ
WDWLRQRIWKHVWXG\DUHD
 ::73PRGHO,QWKH%LR:LQSODWIRUPEL
RORJLFDO FRQYHUVLRQV ZHUH FDOFXODWHG ZLWK WKH
$6$'PRGHOZKLFKFDQGHVFULEHELRORJLFDOFDUERQ
QLWURJHQDQGSKRVSKRUXVUHPRYDOLQWKHV\VWHP7KH
VHFRQGDU\FODULILHUZDVPRGHOHGDVDWHQOD\HUQRQ
UHDFWLYH VHWWOLQJ WDQN ZLWK D PRGLILHG9HVLOLQG VHW
WOLQJ YHORFLW\ PRGHO 7KH SURFHVV FRQILJXUDWLRQ LV
FRQVWUXFWHGIURPDVHULHVRI&RPSOHWHO\6WLUUHG7DQN
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&DOLEUDWLRQDQGYDOLGDWLRQRIZDWHUTXDOLW\
RI GDLO\ DEVROXWH HUURU EHORZ  PJ/ UHDFKHG WR
WKHSUREDELOLW\RIGDLO\UHODWLYHHUURUEHORZ
ZDV)RUVLPXODWHGDQGPHDVXUHG1+
1DQG71WKHDYHUDJHDEVROXWHHUURUZDVDQG
PJ/WKHSUREDELOLW\RIGDLO\DEVROXWHHUURUEHORZ
PJ/UHDFKHGWRDQGUHVSHFWLYHO\
)RUHIIOXHQW73WKHDYHUDJHDEVROXWHHUURUZDV
PJ/ WKH SUREDELOLW\ RI DEVROXWH HUURU EHORZ 

The validation results of the calibrated model is
shown in Fig. 6. On the whole, the simulated daily
changes in effluent variables (COD, NH4+-N, TN,
TP, TSS) and MLSS in the oxidation ditch for consecutive one year were in good agreement with the
measured [16]. )RUHIIOXHQW&2'FRQFHQWUDWLRQWKH
DYHUDJHDEVROXWHHUURURYHURQH\HDUZDVPJ/
WKHDYHUDJHUHODWLYHHUURUZDVWKHSUREDELOLW\
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ZDV2QWKHRWKHUKDQGthere appeared similar seasonal variation characteristics between simulation and measurement of effluent concentrations
and MLSS.

PJ/ZDV7KHDYHUDJHDEVROXWHHUURUIRUHI
IOXHQW766ZDVPJ/WKHSUREDELOLW\RIDEVROXWH
HUURUEHORZPJ/UHDFKHGWR)RUWKHILWWLQJ
FRQGLWLRQ RI 0/66 WKH DYHUDJH UHODWLYH HUURU ZDV
 WKH SUREDELOLW\ RI UHODWLYH HUURU EHORZ 

7$%/(
&DOLEUDWHGUHVXOWVRIEXLOGXSDQGZDVKRIISDUDPHWHUVRIVXUIDFHSROOXWDQWVXQGHUGLIIHUHQWODQGXVH
SDWWHUQV
/DQGXVH
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7$%/(
&DOLEUDWHGNLQHWLFSDUDPHWHUVLQ%LR:LQ
Kinetic parameter

Units
d-1
mgO2/L
mgO2/L

AOB maximum specific growth rate
Heterotrophic DO half saturation constant
Aerobic denitrification DO half saturation constant

BioWin default
value
0.9
0.05
0.05

Calibrated
value
0.6
0.15
0.15

7$%/(
6WHDG\VLPXODWLRQUHVXOWVRIWKH:X]KRQJ::73PRGHO
8QLWPJ/
Variable
MLSS

COD
NH4+-N

TN

TP

TSS

Data types
Simulation (Averages)
Measurement (Averages)
Error (Averages)
Simulation (Averages)
Measurement (Averages)
Error (Averages)
Simulation (Averages)
Measurement (Averages)
Error(Averages)
Simulation (Averages)
Measurement (Averages)
Error (Averages)
Simulation (Averages)
Measurement (Averages)
Error (Averages)
Simulation (Averages)
Measurement (Averages)
Error (Averages)

18~22 Υ
2947
3205
8.1%
29.2
28.7
0.5
2.5
1.5
1.0
8.6
7.6
1.0
0.4
0.6
0.2
6.5
8.0
1.5



Temperature ranges
25~28 Υ
2782
2639
5.4%
32.5
31.3
1.2
1.3
1.8
0.5
5.1
5.9
0.8
0.5
0.6
0.1
6.5
8.2
1.7

12~15 Υ
3792
3547
6.9%
29.9
29.5
0.4
2.4
3.0
0.6
11.7
11.0
0.7
0.6
0.5
0.1
6.1
8.1
2.0
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Anaerobic tank

An-1

An-2

An-8
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An-3

BR-1

BR-7

BR-6

An-4

An-7

BR-2

BR-5

BR-3

An-6

An-5

BR-4

Effluent

Wasted sludge

),*85(
%LRORJLFDOWUHDWPHQWSURFHVVPRGHORI:X]KRQJ::73OD\RXWLQ%LR:LQ
&2' ;8 KDVDODUJHLPSDFWRQVOXGJHSURGXFWLRQ
8QGHUWKHZHWZHDWKHUFRQGLWLRQ;8ZDVHVWLPDWHG
DVJ&2'JRIWRWDO&2'ZKLFKLVKLJKHUWKDQ
WKH W\SLFDOUDQJH J&2'JRIWRWDO &2'
>@LQWKHGU\ZHDWKHU7KHUHIRUHadopting different
COD composition in different weather conditions is
critical in the simulation.

RESULTS AND DISCUSSION
:DVWHZDWHU FRPSRVLWLRQ 7KH ::73 LQIOX
HQWLVWKHRXWFRPHRIWKHVHZHUPRGHO:DWHUTXDOLW\
IURPVHZHUPRGHOVLVOLPLWHGWR766&2'71DQG
73ZKHUHDVWKH::73PRGHOUHTXLUHPRUHGHWDLOHG
FRPSRVLWLRQ LQIRUPDWLRQ $OWKRXJK LQIOXHQW
ZDVWHZDWHUFKDUDFWHUL]DWLRQLQGU\ZHDWKHULVGHWHU
PLQHGE\SK\VLFFKHPLFDOPHWKRG>@7KHLQIOX
HQWFRPSRVLWLRQXQGHUZHWZHDWKHUZLOOYDU\RIWHQ
DSSUHFLDEO\ IURP GU\ ZHDWKHU 6R IDU IHZ VWXGLHV
KDYHEHHQFRQGXFWHGWRSHUIRUPZDVWHZDWHUFKDUDF
WHUL]DWLRQRIZHWZHDWKHUVDPSOHV>@
'XULQJ ZHW ZHDWKHU FRQGLWLRQ WKH VLJQLILFDQW
LQIOXHQW FKDUDFWHULVWLF LV KLJK SDUWLFXODWH ORDGLQJV
VXFK DV VXVSHQGHG VROLGV DQG JULW Therefore, a
higher fraction of inorganic suspended solids (ISS)
may enter WWTP during the wet weather event. For
Wuzhong WWTP influent, the average concentration of ISS in wet weather condition is in the ranges
of 63-89 mg/L, which is much higher than the typical
ISS concentration in the dry weather (PJ/ 
>@.
During wet weather condition, dissolved oxygen in the influent may reach saturation level, which
resulting in increased levels of QLWULWHDQGQLWUDWHEH
LQJSUHVHQWLQWKHIORZ>@
Another important difference between wet and
dry weather concerns the influent COD composition
)RU WKH UDZ PXQLFLSDO ZDVWHZDWHU RI :X]KRQJ
::73UHDGLO\ELRGHJUDGDEOHIUDFWLRQ 66 DQGXQ
ELRGHJUDGDEOH VROXEOH IUDFWLRQ 68  LQ WKH ZHW
ZHDWKHUZHUHFDOFXODWHGDVDQGJ&2'J
RIWRWDO&2'ZLWKDSK\VLFDOFKHPLFDOPHWKRG>@
:KLOH XQGHUWKH GU\ ZHDWKHU66DQG68 ZHUH 
DQGJ&2'JRIWRWDO&2'UHVSHFWLYHO\ Bixio et
al. [18] pointed out lower soluble and readily biodegradable fractions resulting from the shorter retention time and lower temperature in the sewer during
the wet weather. 7KH XQELRGHJUDGDEOH SDUWLFXODWH

(IIHFW RI G\QDPLF LQIOXHQW RQ ELRORJLFDO
WUHDWPHQWSURFHVV. After the sewer model was established, design storms with return periods of three
months (T=0.25), half of year (T=0.5), 1 (T=1), 2
(T=2), 3 (T=3), 5 years (T=5) were applied. The
comparisons of the peak value, peak arrival time,
flow, and pollution at the outlet of the study area
were implemented are shown in Fig. 7. The most important influent characterization in wet weather condition include the following:
For the combined sewer system, increases in
flow is common during wet weather. The magnitude
and duration of the flow increase is highly dependent
on the storm return period. It is obvious that, with the
increase of the storm return period, the peaking flow
increases and the timing of peak flows relative to the
start of rain events in the area of the combined sewer
system is shorten.
Similar to the discussion on flows, as flows increase at the start of a wet weather event, TSS, COD,
TN and TP concentrations will be diluted. After the
initial spike of flow, the concentrations of most constituents decrease sharply to the valley. Although additional concentration are typically associated with
the transport of surface nutrients and scoured solids
from erosion and other sources, because of the
greatly increased flow, decreases in concentrations
can occur. Depending on the storm return period, the
valley concentrations and the timing of valley concentrations relative to the start of rain events will
vary. The magnitude and characteristics of the decrease in concentrations are consistent with flows.
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that wet weather events can have a significant effect
on the biological treatment system.

Under the condition of dynamic influent during
different return period storm events, the dynamic response of biological treatment system in Wuzhong
WWTP is shown in Fig. 8.
Wet weather events change the characteristics
of the biological solids inventory and its location.
When increases in flow are sent through the biological system, the solids loading to the secondary clarifier is increased. If return activated sludge (RAS)
rate is not increased (is remained at a constant value),
solids typically begin to accumulate in the clarifiers
and more biomass will shift to the clarifier, which
lead to the MLSS concentration in the oxidation
ditch (MLSS) is reduced, the MLSS at the bottom of
the clarifier (MLSS (U)) and the effluent TSS concentration from the clarifier are increased. With the
increased storm return period, the flow is increased
and the biomass shift is much more obvious.
During periods of wet weather, decreased temperature in influent can reduce the removal efficiency of biological treatment process, such as nitrification, which is a temperature sensitive process in
the system. In the initial periods, high DO level in
the influent will destroy the anaerobic condition,
which inhibit phosphorus release process, meanwhile the decreased readily biodegradable organics
in the influent will also reduce the efficiency of biological phosphorus removal. So the effluent concentrations are increased during the flush of storm. During the initial period of a wet weather, effluent concentrations largely depend on the storm return period, especially for the COD and TSS, with the increased storm return period, the effluent concentrations are higher.
According to the above discussion, it is obvious

(YDOXDWLRQ RI FRQWURO VWUDWHJLHV IRU ZHW
ZHDWKHU ELRORJLFDO WUHDWPHQW V\VWHP In order to
prevent biomass washout, and to meet concentration-based daily effluent requirements, wet weather
operational strategy should be evaluated and provided.
(1) Controlling of the influent flow. In the wet
weather, the effect of the influent flow on the biological treatment system is much more prominent.
Based on the conservative empirical design, the
treatment capacity of the operated WWTP is far beyond the designed capacity. In order to find the maximum treatment capacity during the wet weather that
meets concentration-based daily effluent requirements, simulations were carried out at influent flow
ranging from 13,000 to 18,000 m3 day-1 (Fig. 9). As
this figure shows, concentrations of TN and NH4+-N
in the effluent is significantly affected by the change
in the influent flow. When the influent flow reached
to 17,000 m3 day-1, the NH4+-N in the effluent exceeded the limit value. Furthermore, if the flow entered into the WWTP exceeded 18,000 m3 day-1, the
normal operation of the biological treatment system
will be affected. Therefore, to meet concentrationbased daily effluent requirements, the maximum
treatment capacity for the Wuzhong WWTP during
wet weather condition is 16,000 m3 day-1. When influent flow exceeded 16,000 m3 day-1, the excessive
rainfall runoff should be discharged into the river
through overflow pipe.
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sewer system was shorten. The magnitude and characteristics of the decrease in concentrations were
consistent with flows.
(5) Wet weather events can have a significant
effect on the biological treatment system of
Wuzhong WWTP. On the one hand, wet weather
events change the characteristics of the biological
solids inventory and its location. On the other hand,
it can reduce the removal efficiency of biological
treatment process.
(6) Operational strategies of Wuzhong WWTP
during the wet weather were evaluated and provided.
It was suggested that the maximum acceptable treatment capacity for Wuzhong WWTP during wet
weather condition was 16,000 m3 day-1. When influent flow exceeded 16,000 m3 day-1, the excessive
rainfall runoff should be discharged into the river
through overflow pipe. The optimal value of RAS
rate was controlled at 80% of influent flow in the wet
weather condition.

(2) Return activated sludge (RAS) rate. Conventional activated sludge systems are typically designed for RAS rates of 20 to 100% of annual average influent flow. RAS is a ratio of the recirculated
amount of sludge to the influent flow [19]. Higher
RAS rates may be necessary for wet weather management. To find the optimum value of RAS, the
plant was simulated for different values of RAS.
Fig.10 shows the effect of RAS on the performance
indices, which include effluent concentrations, and
MLSS at the bottom of the secondary clarifier. From
this figure it can be seen that the MLSS concentration at the bottom of the clarifier steadily decreases
with the increase in the RAS ratio. Higher RAS rates
increase the rate of solids removal from the clarifier
during the wet weather. When the RAS rate is controlled below 60%, increases in sludge blanket depth
will occur. Therefore, the optimal value of RAS rate
is controlled at 80% in the wet weather condition.
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ABSTRACT

INTRODUCTION

The cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae) is a polyphagous pest which
spread over more than 900 plant species in tropical,
subtropical and temperate zones. High population
level of this pest makes it unavoidable to struggle in
the early period in cotton producing areas. Therefore
at first, determination of the varieties on which the
insect have relatively less reproductive capacity is
important for the implementation of integrated pest
management programs with less risk for the environment and human health. The study determined some
life table parameters of the pest on 6 different cotton
varieties including Carmen, Gloria, GSN-12, Flash,
Özbek-100, and ST-373, which are widely used in
WKH*HGL]%DVLQ $\GÕQ'HQL]OLø]PLUand Manisa).
As a result, the shortest development time was found
on Özbek-100 variety with 5.50 days and the longest
development time on GSN-12 variety with 6.62
days. Also, the highest total fecundity per female
was obtained on Carmen variety with 27.12
nymphs/female, and the lowest total fecundity per
female on GSN-12 variety with 15.69 nymphs/female. The intrinsic rates of increase (rm) of the pest
on these cotton varieties were computed as 0.37,
0.37, 0.27, 0.41, 0.43, and 0.30 females/female/day.
It was determined that the intrinsic rates of the aphid
on GSN-12 and ST-373 varieties were less according
to those on other cotton varieties. Feeding of the
aphid is hindered on these cotton varieties because
both of them have hairy leaf-structure and therefore,
the intrinsic rate of the aphid is reduced. The preference of these varieties with high productivity, and
earliness features in cotton producing areas will raise
the implementation chance of environmentally
friendly integrated pest management programs by
keeping at relatively lower levels of the aphid population.

The cotton aphid, Aphis gossypii Glover (Hemiptera: Aphididae) is a polyphagus pest that
spreads in tropical, subtropical and hot regions
[1,2,3]. It gives damage primarily to cotton (Gossypium hirsutum L.) and cucurbits; citrus (Citrus spp.),
eggplant (Solanum melongena L.), potato (Solanum
tuberosum L.), okra (Abelmoschu esculentus) and
many ornamental plants [4]. Besides, it is the vector
of more than 50 plant viruses in addition to lowering
the quality of product and fruit [5]. The fact that this
pest reaches high population level in the cotton production areas makes struggle inevitable. For this purpose, it is significant to implement a struggle program which poses a lower risk on environment and
human health by firstly identifying cotton varieties
on which this pest has a lower production potential.
Life table parameters in struggle programs have an
essential place to create a control mechanism. Due to
these parameters, the evaluation of these different
host varieties possessing a resistant or sensitive
structure is also possible [6,7,8,9,10,11]. The structural feature of host plant influences the productivity
and growth process of the herbivorous insect
[12,13]. In this study, the growth and reproduction
parameters of A. gossypii in laboratory conditions
within Carmen, Gloria, GSN-12, Flash, Özbek-100
and ST-373 cotton varieties which are produced in
*HGL]%DVLQ $\GÕQ'HQL]OLø]PLUDQG0DQLVD LQ
Aegean Region of Turkey, one of the important cotton production regions, were determined.

MATERIALS AND METHODS
Breeding of cotton varieties and Aphis gossypii. Carmen, Gloria, GSN-12, Flash, Özbek-100,
and ST-373 cotton varieties that are commonly used
in cotton production areas in Gediz Basin were used
in this study. The production of plant and cotton
aphid was conducted in climate chambers which are
16:8 h. (L:D) and have 25±1ஈC temperature and
65±5% relative humidity. The seeds belonging to the
cotton varieties were planted to the pots in 2 liter.
When the plants reached 15±20 cm, some part of
them were taken to the climate chambers where the

KEYWORDS:
Aphis gossypii, integrated pest management, GSN-12, ST373, life table
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Intrinsic rate of increase (females/fe-

cotton aphids were produced, and the production
sustainability was achieved.

male/day) ( rm ),

[14],

[14],
Finite rate of increase (nymphs/female/day),
[14],
Doubling time (day), T
2

ln 2 [16],
rm

The rm rates obtained from the life table parameters, pseudo-rmj were obtained as the number of replicates for different temperatures by using Jack-knife
method [17]. Statistical differences were determined
with One Way ANOVA analysis between the different temperatures. The statistical data analyses were
done by using SPSS® Statistics (Version 20.0, August 2011, SPSS Inc., Chicago, IL, USA.) software
package.

RESULTS AND DISCUSSION
The pre-adult and post-adult growth periods of
A. gossypii on the six different cotton varieties were
demonstrated in Table 1. There was no statistical difference between 1st, 2th, 3th, and 4th period nymphs
of A. gossypii developing on various varieties. The
longest total nymphal development time were

rate ( mx ) [14],
rate

ln .R0
rm

T0

Gross reproduction rate (nymphs/female),

Life tables analyses. The life tables were constructed by obtained data according to Euler-Lotka
equation [14]. Life table parameters were calculated
by using RmStat-3 software [15].
These parameters,
Age-specific survivor rate ( l x ) and fecundity
reproductive

[14],

Mean generation time (day),

Determination of developmental and reproductive parameters of Aphis gossypii. A petri plate
in 9 cm2 diameter with heightened sides, sponge,
blotting paper and rigid plastic cells which are in 5x4
cm dimensions and have a gap in 4 cm2 diameter
above were used in the experiment establishment.
These cells were placed on the leaf surface according
to each cotton type, and A. gossypii individuals in the
third nymph period were transferred to the gap. The
escape of these individuals out of the cell was prevented by closing this gap with a glass material in
5x4 cm dimensions. The experiment groups were
formed through transferring the nymphs that the individuals left in adult period into different petri
plates. As a result, the individuals were observed
from the first nymph period to their death, and their
growth periods and nymph numbers were recorded
in a daily basis.

Net
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(females/female),

[14],
TABLE 1
Development and fecundity of Aphis gossypii (Hemiptera: Aphididae)on cotton varieties (Days)
n

Cotton Varieties
Carmen
n

Gloria

n

GSN-12

n

Flash

n

Özbek-100

n

ST-373

50

1.34±0.07

50

1.34±0.08

35

1.11±0.07

50

1.40±0.07

18

1.28±0.11

21

1.19±0.09

45

1.32±0.09

49

1.31±0.08

34

1.35±0.10

49

1.22±0.07

16

1.19±0.10

18

1.39±0.14

48

1.31±0.08

48

1.52±1.10

27

1.70±0.17

49

1.39±0.80

18

1.39±0.12

17

1.29±0.11

48

2.20±0.16

48

2.20±0.16

26

2.61±1.19

50

1.84±0.17

17

1.88±0.19

17

1.93±0.15

49

6.08±0.19 a

45

6.40±0.18 a

26

6.62±0.20 ab

50

5.80±0.20 a

18

5.50±0.19 ab

15

5.67±0.27 b

Preoviposition

49

0.10±0.17

45

0.00±0.00

26

0.00±0.00

50

0.00±0.00

18

0.00±0.00

15

0.00±0.00

Oviposition

49

15.29±0.86 a

45

12.44±0.90 a

26

8.19±0.81 b

50

13.14±7.75 a

18

11.61±1.25 a

15

8.07±0.88 b

Postoviposition

49

0.80±0.19 b

45

0.51±0.14 b

26

0.73±0.23 b

50

0.64±0.17 b

18

2.06±0.48 a

15

0.27±0.12 b

Generation

49

7.18±0.23 a

45

7.40±0.18 ab

26

7.61±0.20 ab

50

6.80±0.20 a

18

6.50±0.19 ab

15

6.67±0.27 b

Adult life time

49

16.18±0.88 a

45

12.91±0.93 b

26

8.92±0.78 c

50

13.78±0.72 ab

18

13.67±0.94 ab

15

8.33±0.90 c

Total life time

50

21.94±0.90 a

50

17.96±1.05 a

35

12.77±0.99 b

50

19.58±0.71 a

18

19.17±0.91 a

22

10.77±1.23 b

49

1.70±0.10

45

1.99±0.13

26

1.83±0.15

50

1.78±0.12

18

1.41±0.12

15

2.04±0.22

49

27.12±1.91a

45

22.56±1.88 ab

26

15.69±1.74 c

50

24.76±1.97 a

18

19.61±2.15 abc

15

17.47±2.66 bc

The first nymphal stage
The second nymphal stage
The Third nymphal stage
The Fourth nymphal stage
Total nymphal
development

Daily number of
nymphs
Total number of
nymphs

*Means (±Standard errors) followed by different letters within columns are significantly different (7XNH\¶V+6';
P<0.05; FTotal nymphal development=3.232, df=5. 216, P=0.008; FPreoviposition=1.375, df=5. 216, P=0.235; FOviposition=14.842; df=5. 216; P=0.000; FPostoviposition=5.978, df=5. 216, P=0.000; F Generation=3.743, df=5. 216, P=0.003;
FAdult_life time=16.559, df=5. 216, P=0.000; FTotal_life time=16.422, df=5. 219, P=0.000; FDaily_number_crawlers=1.541, df=5.
215, P=0.178; FTotal_number_crawlers=8.444, df=5. 216, P=0.000).
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the ST-373. The total life time was recorded
as 26.41, 28.71, and 29.41 days on the BRS Rubi,
BRS Verde, and BRS Safire cotton varieties, respectively [19].
The daily fecundity in the experiment group
was 1.41-2.04 nymphs and there was not any statistical difference between the cotton varieties. The difference between the total fecundity per female was
important. The highest fecundity was 27.12 nymphs
on the Carmen and the lowest fecundity was 15.69
nymphs on the GSN-12. The daily fecundity was
recorded 1.60-2.30 nymphs on the Sealand, Varamin, Siokra, Bakhtegen, and Sahel cotton varieties.
On the other hand, their total fecundity was 15.3029.60 nymphs [18]. The total life time and oviposition period of A. gossypii individuals on the six different cotton varieties in the experiment was recorded that the shortest on the ST-373 and the longest
on the Carmen (Figure 1).
Some life table parameters on six different cotton varieties of A. gossypii were demonstrated in Table 2. The intrinsic rate of increase (rm) of the pest
on the cotton varieties was the highest on the Özbek100 (0.43 females/female/day) and the lowest on the
GSN-120 (0.27 females/female/day). In the studies
conducted with this pest, rm values on cotton varieties was found in the range of 0.27-0.38 females/female/day [18]; BRS Safira, BRS Verde and BRS
Rubi cotton varieties were in the range of 0.37-0.38
females/female/day [19]; and unspecified cotton varieties was recorded in the range of 0.34 females/female/day [3,21], respectively.
The net reproduction rate (R0) (30.91 females/female) and gross reproduction rate (GRR)
(49.10 females/female) was the highest on the Carmen and the shortest on the ST-373 (R0= 1.38 females/ female, GRR= 2.81 females/female). It was
recorded that the longest mean generation time
(T0=9.63 days) and doubling time to population
(T2=2.55 days) was on the GSN 12, the shortest was
on the Özbek-100 (T0=7.58 days, T2=1.62 days). The
ILQLWHUDWHRISRSXODWLRQLQFUHDVH Ȝ RIWKHSHVWZDV
highest 1.53 females/female/day on the Özbek-100
type and the lowest 1.31 females/female/day.on the
GSN-12.

determined on the GSN-12, Gloria, Carmen, Flash,
and ST-373 (6.62, 6.40, 6.08, 5.80, and 5.67 days),
respectively. The shortest total nymphal development time was identified on the Özbek-100 (5.50
days). The development time of A. gossypii were recorded in the range of 5.50-6.10 days on the Siokra,
Bakhtegen, Varamin, Sahel, and Sealand cotton varieties [18]; 5.23, 5.29, and 5.53 days on the BRS
Verde, BRS Rubi, and BRS Safira cotton varieties
[19]; 5.70 days [3] and 5.00 days [20] on the other
unspecified cotton varieties in the same working
conditions, respectively.
Preoviposition periods were statistically found
as insignificant in cotton varieties. The survival rates
of the experimented individuals were recorded as 98,
90, 74, 98, 98, and 68% on the Carmen, Gloria,
GSN-12, Flash, Özbek, and ST-373, respectively. It
was observed that the longest oviposition periods
were in the range of 11.61-15.29 days on the Özbek100, Gloria, Flash, and Carmen, the shortest oviposition time were 8.07 days on the ST-373 and 8.19
days on the GSN-12. The oviposition periods were
recorded 10.51, 12.90 and 14.64 days on the BRS
Rubi, BRS Safira, and BRS Verde cotton varieties,
respectively [19]. It was recorded that the longest
postoviposition period was 2.06 days on the Özbek100 and the shortest postoviposition period was on
the other cotton varieties which were statistically in
the same group.
The longest generation time was 7.61 days on
the GSN-12. The shortest generation time was 6.50
days on the Özbek-100. The generation time of the
pest in the unspecified cotton type in the same working conditions was recorded as 8.30 days [20]. The
shortest adult life time of A. gossypii feeding on different cotton varieties was 8.33 days on the ST-373,
the longest adult life time was 16.18 days on the Carmen. The adult life time of the pest on the Sealand,
Siokra, Sahel, Varamin, and Bakhtegen cotton varieties was found in the range of 10.30-15.90 days
[18].
Its adult life time on the BRS Rubi, BRS Verde,
and BRS Safira cotton varieties was recorded as
21.12, 23.48, and 23.88 days [19]. The total lifetime
of the pest was the longest 21.94 days on the Carmen; the shortest total life time was 10.77 days on

TABLE 2
Life table parameters of Aphis gossypii(Hemiptera: Aphididae) on cotton varieties.
Parameters

Carmen

Gloria

GSN-12

Flash

Özbek-100

ST-373

Intrinsic rate of increase, rm
Net reproduction rate, Ro
Mean generation time, To
Gross reproductive rate, GRR
Doubling time, T2
Finite rate of increase, Ȝ
n

0.37 c
30.91 a
9.21 b
49.10 a
1.86 c
1.45 c
50

0.37 c
26.19 c
8.76 c
42.86 c
1.86 c
1.45 c
50

0.27 e
13.70 e
9.63 a
32.30 d
2.55 a
1.31 e
35

0.41 b
29.83 b
8.32 d
44.64 b
1.70 d
1.50 b
50

0.43 a
25.55 d
7.58 e
32.51d
1.62 e
1.53 a
18

0.30 d
1.38 e
8.69 c
2.81 e
2.30 b
1.35 d
22

*Means (±Standard errors) followed by different letters within columns are significantly different (7XNH\¶V +6'; P<0.05;
FIntrinsic rate of increase=1229.330, df=5. 212, P=0.000; FNet reproduction rate=7386.494; df=5. 211; P=0.000; FMean generation time=401.635,
df=5. 211, P=0.000; FGross reproductive rate=5421.966, df=5. 211, P=0.000; FDoubling time=1428.377, df=5. 211, P=0.000; FFinite rate of
increase=1179.260, df=5. 211, P=0.000).
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FIGURE 1
Survival rate (lx) and fecundity (mx) on six cotton varieties.
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136SROOXWLRQSUREOHP$VKL5LYHULVWKHPRVWVHUL
RXVO\ SROOXWHG ULYHU LQ +HLORQJMLDQJ SURYLQFH DQG
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XVHG WR VWXG\ 136 SROOXWLRQ RQ ODUJH JHRJUDSKLF
VFDOHV7KH6RLODQG:DWHU$VVHVVPHQW7RRO 6:$7 
LVDK\GURORJLFPRGHOGHYHORSHGE\WKH8QLWHG6WDWHV
'HSDUWPHQW RI $JULFXOWXUH $JULFXOWXUDO 5HVHDUFK
6HUYLFH 86'$$56  >@ ,W LV DQ HIIHFWLYH PRGHO
IRUDVVHVVLQJZDWHUUHVRXUFHVDQG136SROOXWLRQ>
@&OLPDWHODQGXVHVRLOWRSRJUDSK\DQGJHRORJ\
DUH DOO FRQVLGHUHG LQ VLPXODWLRQV XVLQJ WKLV PRGHO
)XUWKHU6:$7FDQIRUHFDVWSROOXWLRQORDGVDQGWKHLU
LPSDFWRQWKHZDWHUHQYLURQPHQW>@
)RUHFDVWLQJ IXWXUH SROOXWLRQ WUHQGV PD\ KHOS
JXLGHWKHLQGXVWULDOVWUXFWXUHDVVRFLDWHGZLWKZDWHU
VKHG SODQQLQJ ZDWHU UHVRXUFH DQG HQYLURQPHQWDO
TXDOLW\ PDQDJHPHQW DQG VDIHW\ PDQDJHPHQW >@
7KH PRYHPHQWRISUHFLSLWDWLRQLVRQH RIWKH PDMRU
GULYLQJIRUFHVEHKLQG136SROOXWLRQ,QPDQ\ZD\V
IRUHFDVWHG SUHFLSLWDWLRQ LV HTXLYDOHQW WR IRUHFDVWHG
136>@$VVXFKVWDEOHIXWXUHFOLPDWHGDWDVKRXOG
EH HVWDEOLVKHG EHIRUH 136 SROOXWLRQ LV IRUHFDVWHG
5HJLRQDOFOLPDWHPRGHOV 5&0V DQGJOREDOFOLPDWH
PRGHOV *&0V DUHZLGHO\XVHGWRJHQHUDWHFOLPDWH
GDWD>@7KHVHGDWDVHUYHDVLQSXWVIRUK\GUR
ORJLFDO PRGHOV WKDW VWXG\ WKH LQIOXHQFH RI FOLPDWH
FKDQJHRQK\GURORJLFDOSURFHVVHV7KHJHQHUDOVWHSV
IRUWKLVSURFHVVDUHDVIROORZV)LUVW*&0VDUHXVHG
WR JHQHUDWH FOLPDWH GDWD IRU D JLYHQ VFHQDULR 'DWD

ABSTRACT
$ 6RLO DQG :DWHU $VVHVVPHQW 7RRO 6:$7 
PRGHO ZDV EXLOW WR DVVHVV QRQSRLQW VRXUFH 136 
SROOXWLRQORDGVLQWKH$VKL5LYHUEDVLQLQ&KLQD)X
WXUHFOLPDWHGDWDIURPWKH+DGOH\&HQWUH¶VFRXSOHG
RFHDQDWPRVSKHUHFOLPDWHPRGHO +DG&0 LQ5HS
UHVHQWDWLYH&RQFHQWUDWLRQ3DWKZD\V 5&3 VFH
QDULRZHUHGRZQVFDOHG7KHVHGRZQVFDOHGGDWDZHUH
WKHQXVHGDVDQLQSXWWRVLPXODWHFKDQJHVLQIXWXUH
136SROOXWDQWORDGV7KHPRGHOHVWLPDWHG136WRWDO
QLWURJHQ 71 DQG136WRWDOSKRVSKRUXV 73 ORDGV
DWWRQVSHUDQQXP WD DQGWDUH
VSHFWLYHO\ E\  ,Q WKH 5&3 VFHQDULR 136
ORDGVZHUHSUHGLFWHGWRVKRZDQLQFUHDVLQJWUHQGLQ
WKHIXWXUH$VVXPLQJQRFKDQJHVLQODQGXVHLQWKH
IXWXUH13671DQG13673SROOXWLRQUDWHVVKRZHG
LQFUHDVHV RI  DQG  UHVSHFWLYHO\ LQ 
7KHULVNRI136SROOXWLRQLQ$VKL5LYHU%DVLQZDV
JUHDWHVWIRU5LFH/DQG 5,&( IROORZHGLQGHVFHQG
LQJRUGHUE\$JULFXOWXUH/DQG $*5/ 8UEDQ/DQG
85%1  3DVWXUH 3$67  DQG WKHQ )RUHVW /DQG
)567 7KHVWXG\FRQFOXGHVWKDWPHDVXUHVVXFKDV
IHUWLOL]HUUHGXFWLRQVDQGHVWDEOLVKLQJYHJHWDWHGILOWHU
VWULSVVKRXOGEHLQWURGXFHGWRUHGXFHWKH136SROOX
WLRQ:KHQ PRGHO VFHQDULR ZDV VHW IHUWLOL]HU XVDJH
UHGXFHGE\WKH136SROOXWLRQRXWSXWRI71DQG
73ZDVUHGXFHGE\DQGUHVSHFWLYHO\7KH
DUHDRIWKHILOWHUVWULSZDVSURSRUWLRQDOWRWKHSROOX
WDQWUHPRYDOUDWHWKHUHGXFWLRQHIIHFWZDVEHWWHUIRU
13673WKDQ136717KHUHVXOWVRIWKLVVWXG\FDQ
KHOS ZDWHU UHVRXUFH PDQDJHUV LPSOHPHQW EHWWHU
PDQDJHPHQWVWUDWHJLHVLQWKH$VKL5LYHUEDVLQ
.(<:25'6
6:$71RQSRLQW6RXUFH$VKL5LYHU)XWXUHFOLPDWH
VFHQDULRV0DQDJHPHQWVWUDWHJLHV

INTRODUCTION
&RXQWULHV DURXQG WKH ZRUOG DUH EHFRPLQJ LQ
FUHDVLQJO\FRQFHUQHGDERXWWKHFRQWULEXWLRQRIQRQ
SRLQWVRXUFH 136 SROOXWLRQWRGHWHULRUDWLQJZDWHU
TXDOLW\ 5HVHDUFK KDV VKRZQ WKDW LQ VRPH EDVLQV
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@+RZHYHUWKHUHDUHIHZVWXGLHVDERXWWKHHI
IHFWVRIIXWXUHFOLPDWHFKDQJHRQ136SROOXWDQWORDGV
7RILOOWKLVJDSWKLVSDSHUFRQVWUXFWVD6:$7PRGHO
FDOLEUDWHG DQG YDOLGDWHG IRU WKH $VKL 5LYHU EDVLQ
7KHVWXG\WKHQDVVHVVHV136SROOXWLRQORDGVLQWKLV
VWXG\ DUHD 8VLQJ IXWXUH FOLPDWH GDWD IURP +DGOH\
&HQWUH¶V FRXSOHG RFHDQDWPRVSKHUH FOLPDWH PRGHO
+DG&0  D 6'60 ZDV XVHG WR JHQHUDWH FOLPDWH
GDWD DWDKLJKHUVSDWLDOUHVROXWLRQ7KH GRZQVFDOHG
GDWDZHUHWKHQXVHGDVWKHLQSXWWRWKH6:$7PRGHO
WRVLPXODWH IXWXUH136ORDGV7KHREMHFWLYHRIWKLV
VWXG\LVWRSUHGLFWIXWXUH136SROOXWLRQFKDQJHVDQG
SURSRVHGVFLHQWLILFPDQDJHPHQWDSSURDFKHVWRFRQ
WURO136SROOXWLRQ

JHQHUDWHGE\*&0VKRZHYHUKDYHORZVSDWLDOUHV
ROXWLRQV7KHVH UHVROXWLRQV GR QRW VDWLVI\ WKH LQSXW
UHTXLUHPHQWVRIKLJKUHVROXWLRQPRGHOVXVHGWRVWXG\
K\GURORJ\ DW D EDVLQOHYHO VFDOH 7KHUHIRUH PRUH
SUHFLVH GDWD RQ FOLPDWH FKDQJH DUH REWDLQHG XVLQJ
GDWD GRZQVFDOLQJ PHWKRGV7KHVH PHWKRGV LQFOXGH
WKH VWDWLVWLFDO GRZQVFDOLQJ PRGHO 6'60  DQG G\
QDPLFDO GRZQVFDOLQJ PRGHO 5&0  >@ 7KH
GRZQVFDOHGGDWDWKHQVHUYHDVLQSXWVLQWRK\GURORJ
LFDO PRGHOVVXFKDVD 6:$7 PRGHOWRIDFLOLWDWHD
IRUHFDVWLQJHYDOXDWLRQRIWKHZDWHUF\FOHDQGZDWHU
TXDOLW\LQWKHIXWXUHPRGHOHGSHULRG
0DQ\ VWXGLHV KDYH XVHG *&0V DQG 6:$7
PRGHOV WRJHWKHU ZKLFK DUH FRQFHUQHG ZLWK WKH HI
IHFWVRIFOLPDWHFKDQJHRQK\GURORJLFDOSURFHVVHV>

),*85(
6WXG\$UHD/RFDWLRQ

),*85(
0DSRI$VKL5LYHU%DVLQ
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WKDQWKHREVHUYHGYDOXHZKHQ3%,$6WKHVLPX
ODWHGYDOXHLVVPDOOHUWKDQWKHREVHUYHGYDOXH:KHQ
3%,$6  WKH UHVXOW LQGLFDWHV WKDW WKH VLPXODWHG
YDOXHLVWKHRSWLPDOYDOXH
 5LVGHILQHGDV

DATA AND METHODS
6WXG\DUHD$VKL5LYHULVDPDMRUWULEXWDU\RI
WKH 6RQJKXD 5LYHU DQG LV ORFDWHG EHWZHHQ
ƍƎ(ƍƎ(
DQG
ƍƎ1
ƍƎ17KH$VKL5LYHUEDVLQKDVDWRWDODUHDRI
NP7KHDOWLWXGHRIWKHEDVLQLVEHWZHHQ
PDQGWKHVORSHUDQJHVIURP7KHEDVLQ
H[SHULHQFHVFROGZHDWKHULQWKHZLQWHUZLWKDQDYHU
DJHWHPSHUDWXUHRIΥDQGDQH[WUHPHPLQLPXP
WHPSHUDWXUHRIΥ7KHDUHDVHHVZLQWHUIUHH]LQJ
SHULRGVEHWZHHQPLG1RYHPEHUDQGPLG$SULO7KH
DUHD UHFHLYHV XQHYHQ SUHFLSLWDWLRQ ZLWK PRVW FRQ
FHQWUDWHGLQ-XO\DQG$XJXVW7KHPXOWL\HDUDYHUDJH
SUHFLSLWDWLRQLVPP)LJXUHDQG)LJXUH
VKRZWKHVWXG\DUHDORFDWLRQDQGDPDSRIWKH$VKL
5LYHU>@
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7$%/(
0RGHO3HUIRUPDQFH5DWLQJVIRUD0RQWKO\7LPH6WHS
3HUIRUPDQFH5DWLQJ
9HU\JRRG
*RRG
6DWLVIDFWRU\
8QVDWLVIDFWRU\

3%,$6˄˅

16(
16(
16(
16(
16(

6WUHDPIORZ
3%,$6
3%,$6
3%,$6
3%,$6

D &DOLEUDWLRQDQG9DOLGDWLRQRI)ORZ

E &DOLEUDWLRQDQG9DOLGDWLRQRI71

F &DOLEUDWLRQDQG9DOLGDWLRQRI73
),*85(
5HVXOWVRI&DOLEUDWLRQDQG9DOLGDWLRQ


13
3%,$6
3%,$6
3%,$6
3%,$6
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7$%/(
5HVXOWVRI3HUIRUPDQFH5DWLQJ

Data
PBIAS
R2
NSE

Stream-flow
Calibration
Validation
(2000-2009)
(2010-2014)
-12.89%
-10.83%
0.77
0.80
0.71
0.76

TN
Calibration
(2010-2012)
16.49%
0.78
0.72

TP
Validation
(2013-2014)
23.99%
0.84
0.74

Calibration
(2010-2012)
3.28%
0.72
0.68

Validation
(2013-2014)
-12.96%
0.70
0.65

D 13671

E 13673
),*85(
/RDGVRI13671DQG13673LQHDFKVXEEDVLQE\
ZDUPXS SHULRG   7KH FDOLEUDWLRQ DQG
YDOLGDWLRQSHULRGVZHUHIURPDQG
 UHVSHFWLYHO\ )LJXUH  DQG 7DEOH  VKRZ WKH
PRQWKO\UHVXOWVIRUWKHVWUHDPIORZDQGZDWHUTXDO
LW\FDOLEUDWLRQDQGYDOLGDWLRQ
7KHUHVXOWVRISHUIRUPDQFHUDWLQJVKRZHGWKDW
6:$7PRGDOZDVJRRGWRVLPXODWHVWUHDPIORZDQG
ZDWHUTXDOLW\LQ$VKL5LYHU%DVLQ

)XWXUH FOLPDWH GDWD SURFHVVLQJ 7KH IXWXUH
FOLPDWHSHULRGZDVWR)XWXUHSUHFLSLWD
WLRQDQGWHPSHUDWXUHGDWDZHUHEDVHGRQWKHRXWSXWV
IURPWKH*&0V 2QHRIWKH EHVWILWPRGHOVQDPHG
+DG&0 ZDV VHOHFWHG IRU WKLV VWXG\ > @7KH
+DG&0FOLPDWHFKDQJHVFHQDULRZDVVHWWR5&3
PHGLXPHPLVVLRQ EHFDXVHWKLVVWXG\DUHDLVDGH
YHORSLQJUHJLRQZLWKDPDLQDJULFXOWXUDOIRFXV7KH
6'60 ZDV XVHG WR LPSURYH WKH RXWSXW¶V WHPSRUDO
DQGVSDWLDOUHVROXWLRQ>@%DVLQJRQWKHGRZQVFDO
LQJ GDWD RI SUHFLSLWDWLRQ DQG WHPSHUDWXUH WKH
:HDWKHU *HQHUDWRU LQ WKH 6:$7 PRGHO JHQHUDWHG
UHODWLYHKXPLGLW\GDWDZLQGVSHHGGDWDDQGVRODUUD
GLDWLRQGDWD

1363ROOXWLRQ/RDGVLQ$VKL5LYHU%DVLQE\
'LIIHUHQWVXEEDVLQGLYLVLRQVLPSDFWHGVLPX
ODWLRQUHVXOWVIRUVWUHDPIORZVHGLPHQWVDQGQXWUL
HQWV > @ )RU WKLV VWXG\ WKH 6:$7 PRGHO GL
YLGHGWKH$VKL5LYHU%DVLQLQWRVXEEDVLQV>@
136SROOXWLRQRI71DQG73ZHUHTXDQWLILHGIRUHDFK
VXEEDVLQ 13671 ZDV FRPSRVHG RI 25*1
16854 DQG *:12 13673 ZDV FRPSRVHG RI
25*3 6('3 DQG 62/3 7KHVH SDUDPHWHUV ZHUH
RXWSXWLQWKHILOHRXWSXWVXE)LJXUHVKRZVWKHVWD
WLVWLFDO UHVXOWV DQG VSDWLDO GLVWULEXWLRQ RI 13671
DQG13673LQHDFKVXEEDVLQ
,Q$VKL5LYHUEDVLQWKH136ORDGZDV
WRQVSHUDQQXP WD IRU71DQGWDIRU73E\
 13671 DQG 13673 ORDGV ZHUH XQHYHQ LQ
WKHLU VSDWLDO GLVWULEXWLRQ 6XEEDVLQ 1R  FRQWULE
XWHGWKHPRVWWR1366XEEDVLQ1RFRQWULEXWHG
PRUHWKDQLWVVXUURXQGLQJDUHD
%DVHGRQSRLQWVRXUFHORDGVLQSURYLGHG
E\ WKH +DUELQ (QYLURQPHQWDO 0RQLWRULQJ 6WDWLRQ
WKH13671ORDGDFFRXQWHGIRURIWRWDOSRO
OXWLRQDQG13673DFFRXQWHGIRURIWRWDOSRO
OXWLRQ7KLVLQGLFDWHVWKDW136SROOXWLRQKDVEHFRPH
DPDLQSROOXWLRQVRXUFHLQ$VKL5LYHUEDVLQ

RESULTS
&DOLEUDWLRQ DQG YDOLGDWLRQ RI 6:$7 7KH
6:$7PRGHOKDVPDQ\SDUDPHWHUVDQGVLPXODWLRQV
XVLQJWKHLQLWLDO PRGHOSDUDPHWHUYDOXHVRIWHQSUR
GXFHVXERSWLPDOUHVXOWV$VVXFKDVHQVLWLYLW\DQDO
\VLVRIWKH6:$7PRGHOZDVSHUIRUPHGWRLGHQWLI\
WKHSDUDPHWHUVWKDWPRVWDIIHFWWKHVLPXODWLRQUHVXOWV
DQGWKDWPRVWLPSURYHPRGHOFDOLEUDWLRQHIILFLHQF\
>@
7KHVWUHDPIORZFDOLEUDWLRQSHULRGZDVWR
 EHFDXVH  WR  ZDV VHW DV D ILYH\HDU
PRGHO ZDUPXS SHULRG WKH YDOLGDWLRQ SHULRG ZDV
IURPWR)RUZDWHUTXDOLW\WRWDOQLWURJHQ
71 DQGWRWDOSKRVSKRUXV 73 ZHUHVHOHFWHGDVUHS
UHVHQWDWLYHSROOXWDQWVIRUFDOLEUDWLRQDQGYDOLGDWLRQ
'DWDZHUHIRU7ZR\HDUVZHUHXVHGDVD
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),*85(
,QFUHDVH5DWHRI13671DQG13673

D 13671

E 13673
),*85(
/RDGVRI13671DQG13673LQHDFKVXEEDVLQLQ
SROOXWLRQLQ$VKL5LYHU%DVLQ136VKRZHGDQXS
ZDUGO\ IOXFWXDWLQJ WUHQG RYHU WLPH $V VXFK
PHDVXUHVVKRXOGEHWDNHQWRFRQWUROLW3UHFLSLWDWLRQ
KDGDJUHDWLQIOXHQFHRQ136SROOXWLRQEXWLWLVGLI
ILFXOWWRFRQWURORUPDQDJH([FHSWIRUSUHFLSLWDWLRQ
ODQGXVHW\SHVKDGDQREYLRXVLQIOXHQFHRQ136SRO
OXWLRQ 7R H[SORUH FRQWURO RSWLRQV LQ PRUH GHSWK
ODQGXVHW\SHVZHUHUHFODVVLILHGDV$JULFXOWXUH/DQG
$*5/ %DUH/DQG %$55 )RUHVW/DQG )567 
3DVWXUH 3$67  5LFH /DQG 5,&(  8UEDQ /DQG
85%1  :DWHU :$75  DQG :HW /DQG :(/7 
7KLVZDVGRQHWRGHWHUPLQHWKHFRQWULEXWLRQRIHDFK
ODQGXVHW\SHWR136SROOXWLRQ
7KH ODQGXVH PDS LQ )LJXUH  DQG )LJXUH 
VKRZ WKDW WKH GRPLQDQW ODQGXVH W\SHV LQ WKH$VKL
5LYHU%DVLQ ZHUH DJULFXOWXUDOODQGDQGIRUHVWODQG
DFFRXQWLQJIRUDQGRIWKHWRWDOODQG
DUHDUHVSHFWLYHO\)RUHVWODQGZDVPDLQO\GLVWULEXWHG
LQ WKH XSVWUHDP DUHD DJULFXOWXUDO ODQG ZDV PDLQO\
GLVWULEXWHGLQWKHPLGGOHDQGGRZQVWUHDPDUHDV)RU
WKH6:$7PRGHOWKHWKUHVKROGSHUFHQWDJHRIODQG
XVH ZDV VHW DV  WKLV HOLPLQDWHG %$55 :$75
DQG:(/7IURPWKHPRGHOFDOFXODWLRQV2QO\$*5/
)5673$675,&(DQG85%1ZHUHFRQVLGHUHGLQ
WKHPRGHO)LJXUHVKRZVWKHUHVXOWV

1363ROOXWLRQ/RDGVLQ$VKL5LYHU%DVLQLQ
)XWXUH 3HULRG 7KH IXWXUH FOLPDWH SHULRG GDWD RI
ZDVXVHGWRUXQWKH6:$7PRGHOIRU$VKL
5LYHU136SROOXWDQWORDGVZHUHVWDWLVWLFDOO\JHQHU
DWHG IRU HDFK ILYH\HDU SHULRG IURP  WR 
7KH\HDUVHUYHGDVDEDVHOLQH)LJXUHVKRZV
WKHLQFUHDVLQJUDWHVRI13671DQG13673
,QWKH5&3VFHQDULR136ORDGVVKRZHGDQ
XSZDUGO\ IOXFWXDWLQJ WUHQG RYHU WLPH 13671 LQ
FUHDVHGDWDIDVWHUUDWHWKDQ13673
7KH 13671 ORDG LQ  )LJXUH   LV SUR
MHFWHGDVWDDLQFUHDVHRYHU6XE
EDVLQ1RKDGWKHODUJHVWORDG7KH13673ORDGLQ
LVSURMHFWHGDVWDDLQFUHDVHRYHU
6XEEDVLQV1R1RDQG1RH[SHUL
HQFHGWKHODUJHUORDGV7KLVUHVXOWLVEDVHGRQWKHDV
VXPSWLRQWKDWODQGXVHGRHVQRWFKDQJHLQWKHIXWXUH
+RZHYHU WKH VWXG\ DUHD LV PDLQO\ DQ DJULFXOWXUDO
DUHDRI+DUELQFLW\)DUPODQGLVOLNHO\WRFRQWLQXHWR
H[SDQGLQWKHIXWXUHVXJJHVWLQJWKDW136SROOXWLRQ
PD\LQFUHDVHPRUHTXLFNO\WKDQLQWKHPRGHOHGVFH
QDULR
6XJJHVWLRQV DQG PHDVXUHV WR UHGXFH 136
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),*85(
/DQGXVH0DSRI$VKL5LYHU%DVLQ

),*85(
/DQGXVH6WUXFWXUHRI$VKL5LYHU%DVLQ

),*85(
13671DQG13673ORDGLQGLIIHUHQWODQGXVHW\SHV
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6HYHUDOVWXGLHVKDYHVKRZQWKDW136LVDQLP
SRUWDQWIDFWRULQWKHSROOXWLRQRIZDWHUHQYLURQPHQWV
DJULFXOWXUDO 136 SRVHV WKH JUHDWHVW ULVN >@ 7KLV
VWXG\ FRQFOXGHG WKDW 5,&( ZDV WKH PRVW SROOXWHG
ODQGXVH W\SH LQ WKH PRGHO$*5/ ZDV WKH VHFRQG
PRVWSROOXWHGODQGXVHW\SH7KLVLVEHFDXVHIHUWLOL]
HUV DQG SHVWLFLGHV DUH KHDYLO\ XVHG LQ DJULFXOWXUH
7KHPRGHOHGULVNRI136SROOXWLRQLQWKH$VKL5LYHU
%DVLQZDVKLJKHVWIRU5,&(IROORZHGLQGHVFHQGLQJ
RUGHUE\$*5/85%13$67DQG)567ODQGXVH
W\SHV 7R FRQWURO 136 SROOXWLRQ LQ WKH VWXG\ DUHD
PHDVXUHV VKRXOG EH WDNHQ WR DGGUHVV 5,&( DQG
$*5/DUHDVILUVW7ZRSURSRVHGPHDVXUHVIROORZ

Fresenius Environmental Bulletin

DQG16(RIVWUHDPIORZZHUHPRVWO\EHWZHHQ
ZKLFKLVLQWKHVDPHUDQJHRIWKLVVWXG\
,Q)LJXUH13671DQG13673ORDGVZHUH
XQHYHQLQWKHLUVSDWLDOGLVWULEXWLRQ6XEEDVLQ1R
FRQWULEXWHGWKH PRVWWR136EHFDXVH WKLVDUHDZDV
ZHWDOO\HDUDQGKDGDODUJHIDUPODQGDUHDDW
RI WRWDO ODQG FRYHU 6XEEDVLQ 1R  FRQWULEXWHG
PRUH WKDQ LWV VXUURXQGLQJ DUHD EHFDXVH LW KDG D
ODUJHUVORSHOHDGWRPRUHFRQIOXHQFH
5HVXOWV LQ )LJXUH  LQGLFDWHG WKDW 136 SROOX
WLRQV VKRZHG DQ XSZDUGO\ IOXFWXDWLQJ WUHQG RYHU
WLPH7KLVWUHQGLVPDLQO\FDXVHGE\WKHLQFUHDVHRI
IXWXUHSUHFLSLWDWLRQ)XWXUHFOLPDWHGDWDLQ*&0VLV
XQFHUWDLQWRVRPHH[WHQW8QFHUWDLQSUHFLSLWDWLRQDQG
WHPSHUDWXUHYDOXHVLQWKHRULJLQDO*&0VLQWURGXFHG
XQFHUWDLQWLHV WR IXWXUH SURMHFWHG VWUHDPIORZ >@
ZKLFK DOVR LQWURGXFHG XQFHUWDLQWLHV WR IXWXUH 136
ORDGV,QWKHODWHUVWXG\PRUHPRGHORXWSXWVFRXOG
EHSXWWRJHWKHUIRUFRPSDULVRQ
%HVW PDQDJHPHQW PHDVXUHV %03V  VXFK DV
IDUPODQGUHWXUQHGWRIRUHVWVFRQVHUYDWLRQWLOODJHDQG
FRQWRXUIDUPLQJZHUHSURYHGWREHHIIHFWLYHWRGH
FUHDVH136SROOXWLRQ>@,QWKHVWXG\DUHDIDUPODQG
LVPRVWO\QDWLRQDOEDVLFIDUPODQGZKLFKFRXOGQRWEH
FKDQJHGWRRWKHUODQGXVHW\SHV7KHUHIRUHHIIHFWLYH
PHDVXUHVWRUHGXFH136SROOXWLRQLVWRUHGXFHIHUWL
OL]HU XVLQJ IURP WKH VRXUFH DQG VHW YHJHWDWHG ILOWHU
VWULSV GXULQJ WKH WUDQVIHU SURFHVV 7KHVH PHDVXUHV
DUHRSHUDWLRQDOLQWKHDFWXDOVLWXDWLRQ
0DQ\RWKHUIDFWRUVLQFOXGLQJVRLOODQGXVHDQG
KXPDQPDQDJHPHQWKDYHVLJQLILFDQWHIIHFWVRQ136
SROOXWLRQ>@7KLVVWXG\RQO\DVVHVVHGWKHLP
SDFWRIIXWXUHFOLPDWHFKDQJHRQ136ZLWKDK\SRWK
HVLVRIQRFKDQJHLQRWKHUIDFWRUV7KHIXWXUHVWXGLHV
PD\ FRQVLGHU WKH FKDQJH RI 136 SROOXWLRQ RQ WKH
FRPELQHGDFWLRQRIPXOWLSOHIDFWRUV

  )HUWLOL]HU UHGXFWLRQV 5HGXFLQJ IHUWLOL]HU
XVHLVWKHEHVWEDVLFPHDVXUHWRUHGXFHDJULFXOWXUDO
136SROOXWLRQDWWKHVRXUFH >@$SSURSULDWHO\UH
GXFLQJIHUWLOL]HUXVHZRXOGKDYHOLWWOHHIIHFWRQFURS
\LHOGVEHFDXVH RIWKH H[FHVVLYH XVH RI IHUWLOL]HULQ
PRGHUQDJULFXOWXUH$UHGXFWLRQLQIHUWLOL]HUXVH
FRXOGUHGXFHWKH 136SROOXWLRQRXWSXWRI13671
DQG13673E\DQGUHVSHFWLYHO\EDVHG
RQ6:$7PRGHOLQJZLWKGDWD
  9HJHWDWHG ILOWHU VWULSV 6HWWLQJ YHJHWDWHG
ILOWHU VWULSV DORQJ WKH ULYHU FRXOG DOVR UHGXFH 136
7KH6:$7ILOWHUDOJRULWKPRQO\DIIHFWHGVHGL
PHQWQXWULHQWVDQGSHVWLFLGHV,WGLGQRWDIIHFWVXU
IDFHUXQRII>@$VVXFKWKHDOJRULWKPRQO\FRQVLG
HUHGWKHOHQJWKZLGWKDQGVORSHRIDYHJHWDWHGILOWHU
VWULSDQGQRWWKHVSHFLILFSODQWW\SHSURSRUWLRQRU
VKDSHIDFWRUV$VVXFKRQO\ILHOGDUHDZDVVWXGLHGLQ
WKHPRGHO
,Q $VKL 5LYHU %DVLQ 5,&( DQG $*5/ ZHUH
PDLQO\GLVWULEXWHGLQWKHPLGGOHDQGGRZQVWUHDPDU
HDVDQGZHUHWKHPRVWSROOXWHGODQGXVHW\SH6XE
EDVLQ1R1R1RDQG1RPDGHODUJHUORDGV
$VVXFKYHJHWDWHGILOWHUVWULSVZHUHVHWWLQJLQVXE
EDVLQ1R1R1RDQG1RDURXQG5,&(DQG
$*5/5DWLRRIILHOGDUHDWRILOWHUVWULSVDUHDVHWDW
DQG7KHSUHVHQFHRIWKHVHILOWHUVWULSVVLJ
QLILFDQWO\UHGXFHG13671DQG13673)RUWKH
 DQG  UDWLR WKH 13671 UHPRYDO UDWHV ZHUH
  DQG  UHVSHFWLYHO\ WKH
13673 UHPRYDO UDWHV ZHUH   DQG
UHVSHFWLYHO\7KH ILOWHUVWULSDUHD ZDVSUR
SRUWLRQDOWRWKHSROOXWDQWUHPRYDOUDWHDQG13673
ZDVUHGXFHGPRUHWKDQ13671

CONCLUSIONS
7KLV VWXG\ DSSOLHG D 6:$7 PRGHO WR LQYHVWL
JDWH IXWXUH FKDQJHV LQ 136 SROOXWLRQ ORDGV
'RZQVFDOHGZHDWKHUYDULDEOHVEDVLQJRQD+DG&0
PRGHOLQDQ5&3VFHQDULRZHUHXVHGWRJHQHUDWH
IXWXUHFOLPDWHGDWDWRHVWLPDWHIXWXUH136SROOXWLRQ
ORDGV
7KH IROORZLQJFRQFOXVLRQV ZHUH GHULYHGIURP
WKHDQDO\]HGUHVXOWV
  &DOLEUDWLRQ DQG YDOLGDWLRQ RI WKH 6:$7
PRGHOZHUHJRRGWRVLPXODWH13671DQG13673
SROOXWLRQORDGVLQWKH$VKL5LYHU%DVLQ
 13671DQG13673ORDGV ZHUH 
WDDQGWDUHVSHFWLYHO\IRU6XEEDVLQ
1RFRQWULEXWHGWKHPRVWRIWKHVXEEDVLQV
 $VVXPLQJ ODQGXVH ZLOO QRW FKDQJH LQ WKH
IXWXUH136ORDGVIOXFWXDWHGXSZDUGVRYHUWLPHIRU
WKH 5&3 VFHQDULR71 LQFUHDVHG IDVWHU WKDQ 73
7KHUDWHRI71DQG73LQFUHDVHVZHUHDQG
UHVSHFWLYHO\LQ

DISCUSSION
$VKL ULYHU LV D WULEXWDU\ RI WKH ULJKW EDQN RI
6RQJKXD 5LYHU 7KH UHVXOWV RI SHUIRUPDQFH UDWLQJ
ZHUHDWDJRRGOHYHOZKLFKLQGLFDWHG6:$7PRGHO
ZDVSURYHGWREHDGHTXDWHO\DSSOLHGRYHUWKHVPDOO
EDVLQ LQ WKLV VWXG\ 7KH VWDWLVWLF UHVXOWV RI VWUHDP
IORZSHUIRUPDQFHUDWLQJLQUHFHQWUHVHDUFKZHUHDV
IROORZV>@
$FFRUGLQJWRWKHVWDWLVWLFUHVXOWVLQ7DEOH5
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7$%/(
)UHTXHQF\RIVWUHDPIORZSHUIRUPDQFHUDWLQJ
Calibration

Frequency
0.9-1.0
0.8-0.89
0.7-0.79
0.6-0.69
0.5-0.59
˘0.5
Total amount

2

R
9
10
16
17
5
10
67

13.4%
14.9%
23.9%
25.4%
7.5%
14.9%

Validation
2

NSE
7
12
35
32
27
39
152

4.6%
7.9%
23.0%
21.1%
17.8%
25.7%

R
3
7
15
14
12
12
63

4.8%
11.1%
23.8%
22.2%
19%
19%

NSE
1
9
15
32
21
49
127

0.8%
7.1%
11.8%
25.2%
16.5%
38.6%

[5] 5RGHULFN 0/ 6XQ ) /LP :+ DQG
)DUTXKDU*'  $JHQHUDOIUDPHZRUNIRU
XQGHUVWDQGLQJWKHUHVSRQVHRIWKHZDWHUF\FOHWR
JOREDO ZDUPLQJ RYHU ODQG DQG RFHDQ +\GURO
(DUWK6\VW6F
[6] )UDQN '$ 5HLFKVWHLQ 0 %DKQ 0
7KRQLFNH.)UDQN'0DKHFKD0'6PLWK
39DQGHU9HOGH09LFFD6%DEVW)%HHU
& %XFKPDQQ 1 &DQDGHOO -* &LDLV 3
&UDPHU:,EURP$0LJOLHWWD)3RXOWHU%
5DPPLJ $ 6HQHYLUDWQH 6, :DO] $
:DWWHQEDFK0=DYDOD0$DQG=VFKHLVFKOHU
-   (IIHFWV RI FOLPDWH H[WUHPHV RQ WKH
WHUUHVWULDOFDUERQF\FOHFRQFHSWVSURFHVVHVDQG
SRWHQWLDO IXWXUH LPSDFWV *OREDO &KDQJH %LRO

[7] =KDQJ$-=KDQJ&)X *%:DQJ%'
%DR=;DQG=KHQJ+;  $VVHVVPHQWV
RI ,PSDFWV RI &OLPDWH &KDQJH DQG +XPDQ
$FWLYLWLHVRQ5XQRII ZLWK6:$7IRUWKH+XLID
5LYHU %DVLQ 1RUWKHDVW &KLQD :DWHU 5HVRXU
0DQDJ
[8] *DVVPDQ 3: 5H\HV 05 *UHHQ &+ DQG
$UQROG -*   7KH VRLO DQG ZDWHU
DVVHVVPHQW WRRO +LVWRULFDO GHYHORSPHQW
DSSOLFDWLRQV DQG IXWXUH UHVHDUFK GLUHFWLRQV
7UDQVDFWLRQVRIWKH$VDEH
[9] $UQROG-*6ULQLYDVDQ50XWWLDK56DQG
:LOOLDPV -5   /DUJH DUHD K\GURORJLF
PRGHOLQJ DQG DVVHVVPHQW  3DUW  0RGHO
GHYHORSPHQW-$P:DWHU5HVRXU$V
[10] /LX 50 ;X ) =KDQJ 33 <X :: DQG
0HQ &   ,GHQWLI\LQJ QRQSRLQW VRXUFH
FULWLFDOVRXUFHDUHDVEDVHGRQPXOWLIDFWRUVDWD
EDVLQVFDOHZLWK6:$7-+\GURO
[11] +HDWKPDQ *& )ODQDJDQ '& /DURVH 0
DQG =XHUFKHU %:  $SSOLFDWLRQ RI WKH
6RLODQG:DWHU$VVHVVPHQW7RRODQG$QQXDOL]HG
$JULFXOWXUDO1RQ3RLQW6RXUFHPRGHOVLQWKH6W
-RVHSK5LYHUZDWHUVKHG-6RLO:DWHU&RQVHUY

[12] 6ULQLYDVDQ55DPDQDUD\DQDQ76$UQROG-
*DQG%HGQDU]67  /DUJHDUHDK\GUR
ORJLFPRGHOLQJDQGDVVHVVPHQW3DUW,,0RGHO
DSSOLFDWLRQ-$P:DWHU5HVRXU$V

 $JULFXOWXUHDQGIRUHVWODQGVZHUHWKHPRVW
SUHYDOHQWODQGXVHW\SHVLQWKH$VKL5LYHU%DVLQWKH
ULVN RI 136 SROOXWLRQ LQ WKH$VKL 5LYHU %DVLQ ZDV
JUHDWHVWIRU5,&(IROORZHGLQGHVFHQGLQJRUGHUE\
$*5/85%13$67DQG)567
  7ZR PHDVXUHV FDQ VLJQLILFDQWO\ FRQWURO
136SROOXWLRQ)LUVWUHGXFLQJIHUWLOL]HUXVHE\
OHGWRUHGXFWLRQVLQ136SROOXWLRQRXWSXWRIIRU
71DQGIRU73)LOWHUVWULSDUHDLVSURSRUWLRQDO
WRSROOXWDQWUHPRYDOUDWHRISROOXWDQWVWKHODJHUWKH
DUHD WKH JUHDWHU WKH UHGXFWLRQ 73 UHGXFWLRQ ZDV
KLJKHUWKDQ71
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DQG0LWLJDWLRQ0HDVXUHV$PELR
[4] :X07DQJ;4/L4<<DQJ:--LQ)
7DQJ 0= DQG 6FKRO] 0   5HYLHZ RI
(FRORJLFDO (QJLQHHULQJ 6ROXWLRQV IRU 5XUDO
1RQ3RLQW 6RXUFH :DWHU 3ROOXWLRQ &RQWURO LQ
+XEHL3URYLQFH&KLQD:DWHU$LU6RLO3ROO
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WKH KHDGZDWHUV RI WKH <HOORZ 5LYHU EDVLQ
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9DQ /LHZ 0: .DQQDQ 1 DQG -KD 0.
  6ZDW 0RGHO 8VH &DOLEUDWLRQ DQG
9DOLGDWLRQ7UDQVDFWLRQVRIWKH$VDEH

[27] 'HPEHU/0,PUH\3%%HFN*-&KHXQJ
$.+LPPHOIDUE-+XEHU76.XVHN-:
5R\&KDXGKXU\ 39D]TXH]0$$OSHUV &
( 5REELQ 0/ 9LWD -$ *UHHQH 7
*DVVPDQ -- )HOGPDQ +, DQG 6W +)0
  2EMHFWLYHV DQG 'HVLJQ RI WKH +HPR
GLDO\VLV)LVWXOD0DWXUDWLRQ6WXG\$P-.LGQH\
'LV
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PHQW DQG LGHQWLILFDWLRQ RI QRQSRLQW VRXUFH
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EHVW PDQDJHPHQW SUDFWLFHV ZLWK 6:$7 -$P
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[18] )RZOHU +- %OHQNLQVRS 6 DQG 7HEDOGL &
  /LQNLQJ FOLPDWH FKDQJH PRGHOOLQJ WR
LPSDFWVVWXGLHVUHFHQWDGYDQFHVLQGRZQVFDOLQJ
WHFKQLTXHV IRU K\GURORJLFDO PRGHOOLQJ ,QW -
&OLPDWRO
[19] +DVVDQ=6KDPVXGLQ6DQG+DUXQ6  
$SSOLFDWLRQ RI 6'60 DQG /$56:* IRU
VLPXODWLQJ DQG GRZQVFDOLQJ RI UDLQIDOO DQG
WHPSHUDWXUH7KHRU$SSO&OLPDWRO
[20] )LFNOLQ '/ /XR <= /XHGHOLQJ ( DQG
=KDQJ0+  &OLPDWHFKDQJHVHQVLWLYLW\
DVVHVVPHQW RI D KLJKO\ DJULFXOWXUDO ZDWHUVKHG
XVLQJ6:$7-+\GURO
[21] 0HKDQ 6 .DQQDQ 1 1HXSDQH 53
0F'DQLHO 5 DQG .XPDU 6   &OLPDWH
&KDQJH,PSDFWVRQWKH+\GURORJLFDO3URFHVVHV
RID6PDOO$JULFXOWXUDO:DWHUVKHG&OLPDWH

[22] 3DUN 0- 6KLQ +- 3DUN -< 3DUN *$
6ULQLYDVDQ5DQG.LP6-  &RPSDULVRQ
RI :DWHUVKHG 6WUHDPIORZ 8VLQJ 3URMHFWHG
0LURF +LUHV *FP 'DWD DQG 2EVHUYHG
:HDWKHU 'DWD IRU  XQGHU 6ZDW
6LPXODWLRQ 7UDQVDFWLRQV RI WKH $VDEH 

[23] /X ( 7DNOH (6 DQG 0DQRM -   7KH
5HODWLRQVKLSV EHWZHHQ &OLPDWLF DQG +\GUROR
JLFDO &KDQJHV LQ WKH 8SSHU 0LVVLVVLSSL 5LYHU
%DVLQ $ 6:$7 DQG 0XOWL*&0 6WXG\ -
+\GURPHWHRURO
[24] =KDQJ<*6X)*+DR=&;X&<<X
=%:DQJ/DQG7RQJ.  ,PSDFWRI
SURMHFWHG FOLPDWH FKDQJH RQ WKH K\GURORJ\ LQ



© by PSP

Volume 26 ± No. 11/2017 pages 6621-6631

Fresenius Environmental Bulletin

LQ ;LQ 5LYHU %DVLQ &KLQD $WPRV 5HV 

[43] /LX50=KDQJ33:DQJ;-&KHQ<;
DQG6KHQ=<  $VVHVVPHQWRIHIIHFWVRI
EHVWPDQDJHPHQWSUDFWLFHVRQDJULFXOWXUDOQRQ
SRLQW VRXUFH SROOXWLRQ LQ ;LDQJ[L 5LYHU
ZDWHUVKHG$JU:DWHU0DQDJH
[44] 6KHQ=<&KHQ/+RQJ44LX-/;LH
+DQG/LX50  $VVHVVPHQWRIQLWURJHQ
DQG SKRVSKRUXV ORDGV DQG FDXVDO IDFWRUV IURP
GLIIHUHQW ODQG XVH DQG VRLO W\SHV LQ WKH 7KUHH
*RUJHV5HVHUYRLU$UHD6FL7RWDO(QYLURQ

[45] 7HVKDJHU$'*DVVPDQ3:6FKRRI-7DQG
6HFFKL 6   $VVHVVPHQW RI LPSDFWV RI
DJULFXOWXUDO DQG FOLPDWH FKDQJH VFHQDULRV RQ
ZDWHUVKHGZDWHUTXDQWLW\DQGTXDOLW\DQGFURS
SURGXFWLRQ +\GURO (DUWK 6\VW 6F  


:DWHU5HVRXU$V
[35] 0D)-LDQJ;:DQJ//L=DQG/LDQJ;
  'LVWULEXWHG VLPXODWLRQ RI QRQSRLQW
VRXUFHSROOXWLRQLQ$VKL5LYHU%DVLQ-RXUQDORI
+DUELQ,QVWLWXWHRI7HFKQRORJ\ 1HZ6HULHV 

[36] 2QJOH\ (' =KDQJ ;/ DQG <X 7  
&XUUHQW VWDWXV RI DJULFXOWXUDO DQG UXUDO QRQ
SRLQW VRXUFH 3ROOXWLRQ DVVHVVPHQW LQ &KLQD
(QYLURQ3ROOXW
[37] 0D)-LDQJ;):DQJ//L*0DQG/L
=  1RQSRLQWVRXUFHSROOXWLRQFRQWURORI
$VKLKH%DVLQEDVHGRQ6:$70RGHO=KRQJJXR
+XDQMLQJ.H[XH&KLQD(QYLURQPHQWDO6FLHQFH

[38] 3DUN <6 3DUN -+ -DQJ :6 5\X -&
.DQJ + &KRL - DQG /LP .-  
+\GURORJLF5HVSRQVH8QLW5RXWLQJLQ6:$7WR
6LPXODWH (IIHFWV RI 9HJHWDWHG )LOWHU 6WULS IRU
6RXWK.RUHDQ&RQGLWLRQV%DVHGRQ9)602'
:DWHU6XL
[39] 'RXJODV0DQNLQ .5 6ULQLYDVDQ 5 DQG
$UQROG-*  6RLODQG:DWHU$VVHVVPHQW
7RRO 6ZDW 0RGHO&XUUHQW'HYHORSPHQWVDQG
$SSOLFDWLRQV 7UDQVDFWLRQV RI WKH $VDEH 

[40] *DVVPDQ3:6DGHJKL$0DQG6ULQLYDVDQ
5   $SSOLFDWLRQV RI WKH 6:$7 0RGHO
6SHFLDO 6HFWLRQ 2YHUYLHZ DQG ,QVLJKWV -
(QYLURQ4XDO
[41] 7XSSDG 3 'RXJODV0DQNLQ .5 /HH 7
6ULQLYDVDQ5DQG$UQROG-*  6RLODQG
:DWHU $VVHVVPHQW 7RRO 6ZDW  +\GURORJLF
:DWHU4XDOLW\0RGHO([WHQGHG&DSDELOLW\DQG
:LGHU$GRSWLRQ7UDQVDFWLRQVRIWKH$VDEH

[42] =KDQJ<4<RX4/&KHQ&&DQG*H-
  ,PSDFWV RI FOLPDWH FKDQJH RQ
VWUHDPIORZVXQGHU5&3VFHQDULRV$FDVHVWXG\

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
/L:DQJ
6WDWH.H\/DERUDWRU\RI8UEDQ:DWHU5HVRXUFHDQG
(QYLURQPHQW
+DUELQ,QVWLWXWHRI7HFKQRORJ\
+DUELQ±&+,1$
(PDLOZDQJOLKLW#KRWPDLOFRP



© by PSP

Volume 26 ± No. 11/2017 pages 6632-6636

Fresenius Environmental Bulletin

RELATIONS BETWEEN HUMAN ENERGY CONSUMPTION
AND PHYSICAL STATE IN THE SIMULATION
ENVIRONMENT OF COAL MINE
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an environment, coal miners will suffer great physiological and psychological harm, besides the great
energy consumption caused by their work. This paper focuses on what physiological status coal miners
will get into when different amounts of physical energy are consumed.
There are many researches on the relations between body mass index (BMI) and physical condition included in a lot of literature. For example, Ruggieri, Dominique G [1] et al. did relevant studies
have shown that BMI screening programs are one
strategy and evidence shows they are vital to the development of robust school-based obesity prevention
programs and promotion of healthy lifestyles in
schools. Katharina Boehm, M.D. [2] et al. observed
that the specific body fat distribution (abdominal),for a given BMI ,is a predictor of prostate
cancer (PCa)risk , whereas BMI alone is not .
As for the application of hypothesis testing,
Haslenda Yusop [3] et al. adopted paired T test for
hypothesis testing. Ameliaa. Miramonti [4] and other
researchers conducted an experiment in which, 37
persons including 22 males and 15 females at the age
of respectively 22.8 and 63.4 years were selected to
participate in a progressive cycle ergometer test
known as a kind of graded exercise test. And data
was processed through variance analysis and the regression analysis of three moving averages. Besides,
.DUDGD÷g]JH [5] and Lucinda Soltero-González [6]
et al. also made some researched related to the application of hypothesis testing.
In addition researchers like Hsin-Chieh Wu and
Mao-Jiun J.Wang [7], Isabelle Rouch [8] et al., Machine Hsie [9] et al., Marius Brazaitis [10] et al., Jillian Dorrian [11] et al. and Masaya Takahashi [12]
et al. also wrote relevant paper. In their paper, powered bicycles were used as experimental equipment
to record the caloric expenditure of subjects and to
study the relationship between work status and physical health.
There is also some literature laying particular
emphasis on the investigation of human subjectivity.
For example, Xue XiaROLQSURSRVHGWKH³6HOI-check
VKHHW RI IDWLJXH EDVHG RQ &KLQHVH VRFLDO UHDOLW\´
>@-DSDQ¶V0LQLVWU\RI+HDOWK/DERUDQG:HOIDUH
published the self-check sheet of fatigue degree

ABSTRACT
In order to study the working rhythm and working condition of coal miners, 30 coal miners were selected, and 7 of them with similar body mass index
were selected as subjects. Firstly, one-way analysis
of variance was used to check if the subjects had similar physical state before the experiment. Then, the
random error and systematic error of subjects will be
eliminated by averaging and difference calculation
before each experiment. Finally, paired t test will be
used to verify the relations between calorie consumption and response latency, so as to figure out
the relations between the energy consumption and
physical state of the subjects.
Practitioner Summary: the physical states of
VXEMHFWV H[SHULHQFHG WKUHH VWDJHV RI ³H[FLWHPHQW
WUDQVLWLRQIDWLJXH´GXULQJZRUNLQJKRXUV:KHQFDO
orie consumption was about less than 150 calories,
the subjects had high working enthusiasm and effiFLHQF\LQWKHVWDJHRI³H[FLWHPHQW´ZLWKFDORULHFRQ
sumption increasing within the range from about 150
calories to 250 calories, the subjects were in their
VWDJH RI ³WUDQVLWLRQ´ :LWK WKH LQFUHDVLQJ SK\VLFDO
consumption, the subjects started to be less enthusiastic about the work; when calorie consumption increased over about 250 calories, the subjects started
WRVWHSLQWRWKHVWDJHRI³IDWLJXH´%RWKZRUNLQJHQ
thusiasm and working efficiency declined in this
stage.

KEYWORDS:
Calorie consumption, response latency, variance analysis
and physical state

INTRODUCTION
According to statistics, there are 11000 coal
mines and over 5.8 million coal miners in 2015. Supposing they were working under a three-shift system,
that means there were always, on average, almost 2
million people working in underground mines which
are generally the complicated environments with
high humidity, numerous suspending impurities in
this air and various corrosive gases. Working in such
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QDPHG DV ³TXHVWLRQQDLUH IRU ZRUNHUV WR GLDJQRVH
their fatigue accumulation GHJUHHE\WKHLURZQ´>@
and Li Xiaomei [15] et al. revised Nurse Job Stressors Questionnaire and investigated the fatigue degrees of nurses. Thevenet D [16] et al. researched the
relations between maximum oxygen uptake and cardiopulmonary system. Also, Tao Feng and Xiao Pan
[17] made the prediction model experiment for the
full-recovery time.

subjects based on the method of small sample
estimation. The physical characteristics of the 7 subjects are shown in Table 1.
These 7 subjects have similar BIM values with
a difference range of ±0.5 (Table 1), which is consistent with the experiment principle of minimizing
irrelevant variables.
Experimental process. 1) Put on Polar heart
rate transmission band and Polar heart rate monitor.
7KHH[SHULPHQWVKRXOGEHVWDUHGZKHQVXEMHFWV¶+5
could be stably displayed on the heart rate monitor.
Before subjects started to pedal on the cycle ergometer, five sets of HRs should be recorded for each
subject in steady status;
2) Test the simple and synthetic response latency of subjects with Electronic response latency
tester of model FYS-I. The subjects should use the
index finger of a single hand to operate the response
latency tester with their flat legs bent at an angle of
90°. Subjects were requested to be familiar with the
specific operation of the response latency tester, so
as to exclude the experimental error caused by the
operation skills on different levels;
3) TesWWKHVXEMHFWV¶IOLFNHUIXVLRQYDOXHVZLWK
the CFF meter of model BD-ϩ-118. With the back
light intensity, light-spot flickering bright black ration and light-spot intensity respectively selected to
be 1/16, 1:1 and 1, a set of flicker fusion values
should be respectively tested for the light-spot in
each color of red, yellow, green, blue and white. During the experiment, subjects were requested to make
their eye cling to the observing tune at the light-spot
in the center of vision. The initial flicker frequency
of the light-spot was set to be 10.0Hz. In the following adjustment process, the subjects were allowed to
adjust the frequency by themselves through the adjusting button on the right side. Moreover, the observer would record the experimental values according to the instructions given out by subjects;
4) Take the calories consumed by pedaling the
cycle ergometer instead of the physical energy consumed by working in the underground coal mine.
When step (3) was finished, the seat of cycle ergometer should be adjusted to a height which allowed the
lower pedal axis to be placed at the central line of the
bottom of the foot when the knee just slightly bent.
Then the value shown on the meter panel should be
UHVHWWREH]HURE\SUHVVLQJWKH³5(6(7´EXWWRQIRU
more than 2 seconds. Moreover, subjects should start
WRSHGDOWKHF\FOHHUJRPHWHUZKHQWKH³5(6(7´EXW
ton was released. Subjects were requested to make
the speed of the cycle ergometer reach to 20km/h
within a minimum period and keep it within a difference range of ±2km/h. When the pedaling exercise
finished after the specified duration, the calories displayed on the meter panel should be recorded.
5) As soon as subjects finished the pedaling

MATERIALS AND METHODS
Experimental plan. In simulation laboratory
of fully-mechanized coal mining, the stimulated air
pressure at the coal face, air speed, temperature, and
humidity are designed and kept respectively to be
about 111kpa, 0.43m/s, 23Ԩ and 90% accompanying with noise. So the subjects were requested to
wear earplugs and follow the daily dietary habits and
work-rest regulations of coal miners. Moreover, the
experiment was performed in the evening to create a
low illumination which is more similar to that in the
underground mine.
Several machines were applied to during the
experiment, like Cycle ergometer 828E produced by
Monark, Electronic response latency of model tester
FYS-I, Heart rate monitor Polar FS1 produced by
Polar Electro Oy, Finland and Flicker fusion frequency meter BD-ϩ-118.
After the operation training for subjects was
finished, the first step was to divide them into experimental group and control group. The subjects and
experiment NO. were respectively represented by
letters (A, B, C, D, E, F and G) and digits. For example, A3 refers to the data collected from the third experiment of subject A. The recorded and made a
summary about sXEMHFWV¶ +5 YDOXHV UHVSRQVH OD
tency and flick fusion values before pedaling cycle
ergometer, their duration and calorie consumption in
the process of pedaling exercise and their response
latency when pedaling exercise was finished.
TABLE 1
Physical features of subjects
Index
Subjects
Subject(A)
Subject(B)
Subject(C)
Subject(D)
Subject(E)
Subject(F)
Subject(G)

Age
(year)
23
25
24
26
25
24
23

Stat
ure
(m)
1.77
1.75
1.85
1.76
1.82
1.83
1.78

Weig
ht
(kg)
70.66
69.23
76.35
70.34
74.83
75.62
71.43

Fresenius Environmental Bulletin

BMI
(kg/m^2)
22.554
22.606
22.308
22.708
22.591
22.581
22.545

Subject screening. In this experiment, 30 coal
miners were selected and 7 of them were chosen as
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TABLE 2
Summary table of variance analysis results
Subjects
ܨୌୖ 
ܨେ
Fcrit

A
16.149
15.186
4.026631

B
6.3567
9.0256
4.026631

C
7.6713
6.4328
4.026631

D
8.4319
5.2973
4.026631

E
5.4391
8.3971
4.026631

F
6.7613
7.6791
4.026631

G
8.4361
9.4681
4.026631

FIGURE 1
Run chart for the relations between calorie consumption and response latency of subject A

then a trendy chart was formed analyzing the correcWLRQ EHWZHHQ HYHU\ VXEMHFW¶V FDORULH FRQVXPSWLRQ
and the D-value.
The D-value is distributed generally above Xaxis when the calorie consumption of subject A is
less than 150 calories (Figure 1). When the calorie
consumption is between 150 and 250 calories, the Dvalue fluctuates around X-axis. when the calorie
consumption is more than 250 calories, the D-value
is distributed generally below X-axis. Therefore, it is
reasonable to hypothesize that: When the calorie
consumption is less than 150 calories, the response
latency before pedaling exercise is greater than that
after pedaling exercise. When the calorie consumption is between 150 and 250 calories, it is unable to
confirm which one is the greater one. When the calorie consumption is more than 250 calories, the response latency before pedaling exercise is less than
that after pedaling exercise. Based on the above hypothesis, paired T test was used to verify the accuracy of this hypothesis.

exercise, response latency for each subject should be
tested according to the same method described in
step (3) and was recorded;
6) Each subject should be individually tested
for 27 times. And then all the experimental data will
be summarized, calculated and analyzed.

RESULTS AND DISCUSSION
One-way analysis of variance. In order to determine whether the subject's physical status was the
same before each experiment, HR rate and CFF were
analyzed by one-ZD\DQDO\VLVRIYDULDQFHXVLQJȝDV
the average number of HR andCFF(UA1 suggests the
physical state before the first pedaling). According
to the one-way analysis of variance, the hypothesis,
the statistic of the structural test, the statistical decision were achieved, and finally the variance analysis
table were shown as follows,
Each subject has a greater F value than Fcrit
value in each factor (Table 2). Therefore, it can be
95% confirmed that subjects were in a significantly
different physical status before each test. It also
shows that the differences before the experiment
were caused by not only a random error, but also a
systematic error.

Paired T test. In this experiment, the number
of samples is less than 30 which is classified as a case
of small samples. The standardized D-value of
paired samples follows the t distribution with a freedom degree of n-1. Therefore, the selected test statistic for verification is:
݀ҧ െ ሺߤୠ െ ߤୟ ሻ
ൌ
ݏௗ
ൗ
ξ݊
Set up the null hypothesis and alternative hypothesis:
ܪ ˖ߤୠ െ ߤୟ  Ͳ
ܪଵ ˖ߤୠ െ ߤୟ  Ͳ

Pretreatment experimental data. Based on
the above results, firstly the observer got average
data of each number from the experiment and secondly the observer used the average data before pedaling minus the data after it to get a series of D-values. Finally, the observer had a further study of the
connection between the D-values and X-axis and
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TABLE 3
Contrast table for the P-YDOXHDQGĮ-value
Subjects
Response latency
P-value
Simple
value
P-value
synthetic
value

A

B

C

D

E

F

G

0.0047163
0.05
0.0181093
0.05

0.0011
0.05
0.0263
0.05

0.0494
0.05
0.0341
0.05

0.0034
0.05
0.0019
0.05

0.0278
0.05
0.0347
0.05

0.0484
0.05
0.0437
0.05

0.0168
0.05
0.0243
0.05

TABLE 4
Contrast table for the P value and value of subjects
Subjects
Response latency
P value
Simple
value
P value
synthetic
value

A

B

C

D

E

F

G

0.1580
0.05
0.1148
0.05

0.1496
0.05
0.4919
0.05

0.2056
0.05
0.3304
0.05

0.2757
0.05
0.4218
0.05

0.1700
0.05
0.2747
0.05

0.3219
0.05
0.3807
0.05

0.4933
0.05
0.0701
0.05

༃ &DORULHFRQVXPSWLRQLVOHVVWKDQFDOR

after pedaling cycle ergometer when calorie consumption was more than 150 calories. It indicates
that subjects responded more slowly in the state of
fatigue.

ULHV
&DOFXODWHWKHVXEMHFW V3 7W RQH-tailed value
and summarize the results as shown in the following
table
The P-values of experimental group are all less
than Į-value (Table 3), which is consistent with the
situation of subject A. That is to say: When consumption calorie was less than 150 calories, every
subject in experimental group had a greater response
latency before pedaling cycle ergometer than after
pedaling cycle ergometer, which indicates the physical status was in the excited state.
༄ &DORULH FRQVXPSWLRQ LV EHWZHHQ  DQG
FDORULHV
In Fig. 1, it is visualized that the D-values of
response latency fluctuates around X-axis when the
calorie consumption of subject A is between 150 and
250 calories. Therefore, it is reasonable to believe
the physical status of the subject is changeable and
unstable. Since Psimple-value= 0.032122 and Psyntheticvalue  LW LV LPSRVVLEOH WR GHWHUPLQH LI Įvalue is greater than P-value. That means the evidence is insufficient to prove the physical status of
WKH VXEMHFW 7KLV SHULRG LV FDOOHG DV ³WUDQVLWLRQ SH
ULRG´
༅ &DORULHFRQVXPSWLRQLVPRUHWKDQFDO
RULHV
For the period when calorie consumption is
more than 250 calories, the P values of experimental
group and control group were also calculated according to the steps described above. The results are
listed in Table 4.
The P-values calculated based on the data of
experimental group and control group are all greater
WKDQĮ-value (Table 4), which means the null hypothesis cannot be rejected and should be accepted at the
observed significance level. That is to say: it can be
95% confirmed that every subject had a lower response latency before pedaling cycle ergometer than

CONCLUSIONS
According the experimental steps described
above, the measured data was analyzed and summarized as blow:
(1) When calorie consumption is less than 150
calories, the calculated P values are all distributed
below 0.05, which means it can be 95% confirmed
that subject A had greater response latency before
pedaling cycle ergometer than after pedaling cycle
ergometer. It indicates that the physical status of this
subject wDVLQLWV³H[FLWHG´SHULRGZKLFKLVDOZD\V
H[SODLQHGDV³UHVSRQGVZLIWHU´
(2) When calorie consumption is between 150
and 250 calories, there is no obvious magnitude reODWLRQEHWZHHQWKHFDOFXODWHG3YDOXHVDQGĮ 
which means there is no obvious correlation between
the response latency before and after pedaling exerFLVH,WLQGLFDWHVWKDWWKHVXEMHFWLVLQWKH³WUDQVLWLRQ´
period;
(3) When calorie consumption is more than 250
calories, the calculated P values are all distributed
above 0.05, which means it can be 95% confirmed
that subject A had lower response latency before
pedaling cycle ergometer than after pedaling cycle
ergometer. It indicates that the physical status of this
VXEMHFWZDVLQLWV³IDWLJXH´SHULRGZKLFKLVDOZD\V
H[SODLQHGDV³UHVSRQGPRUHVORZO\´
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recovery. Applied Ergonomics 42, 46-51.
[11] Dorrian, J., Baulk, S.D. and Dawson, D. (2011)
Work hours, workload, sleep and fatigue in Australian Rail Industry employees. Applied Ergonomics 42, 202-209.
[12] Takahashi, M., Iwasaki, K., Sasaki, T., Kubo, T.,
Mori, I. and Otsuka, Y. (2011) Worktime control-dependent reductions in fatigue, sleep problems, and depression. Applied Ergonomics 42,
244-250.
[13] Xue, X.L. (2006) Standardization research of fatigue symptoms. Beijing, Beijing University of
Chinese Medicine.
[14] Huang, H., Geng, D. and Chou, J.Y. (2009)
Self-test of fatigue accumulation and prevention
of overwork. Human Resource Development of
China 8, 35 -37.
[15] Li, X.M. and Liu, Y.J. (2000) Investigation and
analysis on source of stress and job burnout in
work of clinical nurses. Chinese Journal of nursing 35, 645-648.
[16] Thevenet, D., Leclair, E., Tardieu-Berger, M.,
Berthoin, S., Regueme, S. and Prioux J. (2008)
Influence of recovery intensity on time spent at
maximal oxygen uptake during an intermittent
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forestry demonstration county in China. The plantation area of S. gordejevii in Aohan Banner is 13903
hm2, about 7.26% of total forest area in sand soil
regions there. Thus, this shrub plays significant
roles in quicksand treatment and eco-environmental
restoration projects in this region. Under the background of global warming, studying the carbon
sequestration function of ecological vegetation in
the sandy areas is of high significance [5-8]. The
existing research about S. gordejevii is focused on
the physiological characteristics, morphological
characteristics, living habits, culture methods, root
distribution, canopy structure, sandy barriers, and
dynamic soil moisture in shrubs [9-15].
Roots are the organ that directly contacts soil.
Roots and soil grains constitute a root network that
firmly fixes the plants in soils [16]. Root distribution at the space gradient is decided by the interactive area between vegetation and soils [17]. The
spatial root distribution affects the potent water
absorption ability of plants [18]. Research on rhizosphere is focused on root biomass, variation of
root length or surface area with soil depth, distance
from stem, and positions between neighboring
plants [19]. Research on the rhizosphere of S. gordejevii is concentrated on root distribution, biomass
and physiological characteristics. However, there is
no report about the distributions of roots and carbon
stocks of S. gordejevii. Thus, targeting at S. gordejevii forests of different ages (15, 25 and 35 years
old) in sand soils of Aohan Banner, we characterized the distributions of root and carbon stocks. The
findings can be referred to in estimation of carbon
stocks of sandy ecosystems in the future.

ABSTRACT
The Salix gordejevii Chang et Skv. man-made
forests of different ages at the south margins of
Horqin Sandy Land, Inner Mongolia is targeted in
this paper. The root biomass and carbon contents of
S. gordejevii are measured by a hierarchical piecewise digging method, and thereby root carbon
stocks were calculated. The distributions of roots
and carbon stocks among the age-varying S. gordejevii forests are characterized by a spatial analysis
tool Surfer. The root biomass of S. gordejevii first
increases and then decreases with the increase of
soil depth. More than 80% of root biomass is concentrated at the depth 0 -100 cm. The root biomass
increases with the prolonging of forest age, and
specifically, the total root biomass in the 15-, 25and 35-year-old forest is 516.50, 4448.60 and
7257.7 g/plant, respectively. The root carbon stocks
are distributed in a spindle shape, and increase with
the prolonging of forest age. These findings provide
theoretical basis and data support for
eco-environment construction and improve the
carbon sink influence estimation of afforestation in
North China.

KEYWORDS:
Salix gordejevii Chang et Skv., Rhizosphere, Carbon
stock, Distributive characteristics

INTRODUCTION
Salix gordejevii Chang et Skv. belonging to
Salicaceae is mainly distributed in the sandy lands
of Northwest and Northeast China. S. gordejevii is
the most widely-distributed shrub in the mobile and
semi-mobile sand dunes of Horqin. This shrub is
characterized by huge rhizosphere, high branch
rebirth ability, drought resistance, fondness of sand
burying, wind corrosion resistance, and slight saline.
Together with strong wind prevention and sand
fixation abilities, S. gordejevii is the major shrub
species for water & soil preservation and firewood
forest creation in Horqin Sandy Land [1-4]. Aohan
Banner is the first foreign cooperative carbon sink

MATERIALS AND METHODS
Study area. This study was conducted at the
sand soil regions in Aohan Banner, Chifeng City,
which was located at the south margins of Horqin
Sandy Land, Inner Mongolia. The study area (N
ƍ- ƍ(ƍ- ƍ ZDVORFDWHGDW
the middle north part of Aohan Banner and covered
an area of 2056.60 km2. This area enjoyed a temperate semiarid continental monsoon climate and on
annual average, it had a precipitation of 350 mm,
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TABLE 1
The basic situation of the study area plots
Forest
type

Forest
age (a)

15

S. gordejevii

25

35

Latitude
longitude
(ƍ
Ǝ
1ƍ
Ǝ
(ƍ
Ǝ
1ƍ
Ǝ
(ƍ
Ǝ
1ƍ
Ǝ

Altitude
(m)

Aspect

402

Cloudy
slope

12

400

Cloudy
slope

397

Cloudy
slope

Slope (°)

Slope
position

Density (plants/m2)

Plant
height
(m)

Canopy
size (m)

Planted
density

Real
density

lower

0.4

0.15

1.70±0.2
5

1.90±0.1
5

17

lower

0.4

0.14

2.60±0.3
5

2.25±0.2
5

15

lower

0.4

0.13

2.25±0.3
0

2.10±0.2
0

West east

(Table 1).
Sampling and measurement. (1) Selection of
standard trees and determination of forest ages
In each sample plot, according to the plant
height, canopy size, coverage and other
tree-measuring factors, three standard trees under
good growth condition and close to the averages of
tree-measuring factors were selected from each
square. Data about forest ages were provided by
Aohan Banner Forestry Bureau.
(2) Measurement of roots
A hierarchical piecewise digging method was
used for this purpose. From the center of a standard
tree, it was extended along the striking direction to
1/2 plant distance of the two adjacent trees. Since
the row spacing of man-made S. gordejevii forests
was 1 ×2.5 m2, we measured the 1/2 row spacing
and thereby basically eliminated the mutual influence of adjacent trees. The horizontal segment was
set at 25×25 cm2. The vertical layer was 10 cm long.
From each segment or layer, 25×25 ×10 cm3 of soil
was collected. The soils were dug in a hierarchical
piecewise way until the lower boundary of the rhizosphere. The maximum depth of vertical rhizosphere of standard S. gordejevii trees was 150-250
cm. The soil samples from each layer or segment
were crushed, screened and then the active roots
were carefully selected. After the root surfaces were
cleaned, the roots were measured and classified by
a vernier calliper. Appropriate amounts of roots
from each class were selected and taken to the laboratory. The root samples were dried and tested for
determination of moisture conversion coefficient.
The dry weight of roots at each layer or segment
was measured.
(3) Measurement of carbon content
Carbon content of roots was measured using
the potassium dichromate - sulfuric acid oxidation
method.

evaporation of 2450 mm, temperature of 7ºC and an
effective accumulated temperature (> 10ºC) of
3200ºC. The man-made vegetation there was mainly composed of water supply self-restraint forests,
water-soil preservation forests, and wind prevention
& sand-fixation forests. The main tree species were
Populus simonii, Prunus sibirica, Hippophae
rhamnoides, Caragana microphylla, S. gordejevii,
and Hedysarum fruticosum, as well as a small part
of scattered Pinus sylvestris L. var. mongholica
Litv.. The major herbage species were Lespedeza
davurica, Artemisia sieversiana Ehrhart ex Willd.,
Artemisiaanethifolia Weber, Artemisia desertorum
Spreng. Syst. Veg., Cirsium salicifolium (Kitag.)
Shih, Bassia dasyphylla (Fisch. & C. A. Mey.)
Kuntze, Setaira Viridis Beauv, Corispermum hyssopifolium L., and Agriophyllum squarrosum (L.)
Moq..
The study area was located at the altitude of
400 - 500 m. The sand soils were mainly composed
of mobile dune, semi-mobile dune, fixed dune and
covered sand soil. The relative heights of dunes
were generally around 10 m. With low quality, the
soils there were featured by pH 8.2-8.6 and contained 1.0-5.4 g/kg organic matter, 0.02-0.3 g/kg
total N, 0.4-2.4 mg/kg available P, and 54-101
mg/kg available K.
Study methods. Selection and setting of
sampling sites. Between June and August 2014,
three plots of S. gordejevii at different ages were
selected from the fixed dunes in sand soil areas of
Aohan Banner, Chifeng, at south margins of Horqin
Sandy Land (Table 1). Setting of shrub plots: The
survey areas were identified according to local forest resource distribution maps, and the forest stand
distributions at different afforestation periods provided by Aohan Banner Forestry Bureau. Sample
plots were set by a random method (forests without
stumping or other fostering measures were selected).
Each sample plot was 30 ×30 m2. In each plot, three
10 ×10 m2 shrub squares were set. During sampling,
depending on the situation of each forest, the number and size of squares were adjusted if necessary

Data analysis. Root carbon stock (g/m2): =
root biomass (g/plant) × carbon content (g/g) ×
planting density (plant/m2) (Guo Y F 2013).
The regional plan and profile were plotted on
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FIGURE 1
Vertical distribution of root biomass in S. gordejevii forests of different ages.

FIGURE 2
Vertical distribution of root carbon stock in 15-year-old S. gordejevii forests
the depth of 40- 50 cm. The total root biomass of
15-, 25- and 35-year-old shrubs is 516.50, 4448.60
and 7257.77 g/plant, respectively, indicating the
root biomass of S. gordejevii increases with the
prolonging of forest age.

Auto CAD. Statistical analysis was conducted on
Excel 2003. The distribution of root carbon stock
was plotted on Surfer.

RESULTS AND DISCUSSION
Root depth index. Root depth index indicates
the vertical distribution of roots. This index is the
average of "percentage dry root weight or root
length at each layer" × "mean soil depth at this layer". A larger root depth index indicates the roots go
down deeper, and vice versa [20]. Here root depth
index was computed by using dry weight. The root
depth index of 15-, 25- and 35-year-old shrubs is
2.72±0.10, 18.54±0.18 and 29.03±0.24, respectively,
indicating the root deepening ability of S. gordejevii
is enhanced with the prolonging of forest age
(Fig.2).

Vertical distribution of underground root
biomass. With the increase of soil depth, the root
biomass of S. gordejevii first increases and then
decreases (Fig.1). More than 80% of root biomass
is concentrated at the depth of 0 -100 cm. The root
biomass of the 15-year-old shrubs is mainly distributed at the depth of 0-190 cm, and peaks at the
depth of 30-40 cm. The root biomass of the
25-year-old shrubs is distributed at the largest depth
of 240 cm, and maximizes at the depth of 40- 60 cm.
The root biomass of the 35-year-old shrubs is distributed at the largest depth of 250 cm, and peaks at
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FIGURE 3
Vertical distribution of root carbon stock in 25-year-old S. gordejevii forests

FIGURE 4
Vertical distribution of root carbon stock in 35-year-old S. gordejevii forests
segment horizontally and 0.15-4.11 g/m2 per layer
vertically. The root carbon stock of the 25-year-old
shrubs is 158.56 g/m2, and is 3.96-36.16 g/m2 per
segment horizontally and 0.04-18.52 g/m2 per layer
vertically. The root carbon stock of the 35-year-old
shrubs is 229.99 g/m2, and is 5.74- 52.44 g/m2 per
segment horizontally and 0.07- 28.87 g/m2 per layer
vertically. The root carbon stocks of the 25- and
35-year-old shrubs are 5.14 and 7.46 times larger
than that of the 15-year-old shrubs, indicating that
the root carbon stocks are improved with the prolonging of forest age.
The S. gordejevii forests in the study area were
planted around 1960s, and large-scale plantation
started around 1980s. We found the root biomass

Distribution of root carbon stocks. The distribution of root carbon stocks of S. gordejevii is
spindle-shaped. The root carbon stock at the vertical direction first increases and then declines with
the rise of soil depth (Fig.3 and 4). The root carbon
stocks of the 15-, 25- and 35-year-old shrubs maximize at the depth of 30-40, 40-50 and 40-50 cm,
respectively. The peak root carbon stock in the
15-year-old shrubs is 0.93 g/m2. The root carbon
stock at the horizontal direction is smaller when the
distance from the center of the standard shrubs is
farther, and is mainly concentrated within the distance of 75 cm.
The root carbon stock of the 15-year-old
shrubs is 30.81 g/m2, and is 0.77-7.00 g/m2 per
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the center of the standard woods is farther, and is
mainly concentrated within the distance of 75 cm.

and carbon stock of S. gordejevii were both positively correlated with forest age, indicating the root
growing status of S. gordejevii is associated with
the forest age to some extent. The roots are mainly
distributed at the depth of 0-110 cm, which is consistent with another study. The root distribution and
biomass in the arid and semiarid areas of China
have been extensively studied. The root quantity of
S. gordejevii under independent living in Horqin
Sandy Land is significantly larger than that of Artemisia halodendron [21]. The roots of S. gordejevii
in Otindag Sandy Land are mainly distributed at the
depth of 10-30 cm [22]. The roots of S. cheilophila
in Mu Us Sandy Land are distributed at vertical
depth around 60 cm, while the vertical depth of
Caragana microphylla is 30-90 cm. Moreover, the
fine root biomass of S. cheilophila is gradually reduced with the increase of soil depth, and the roots
are radially distributed. In the arid and semiarid
areas of Northwest China, the root structural parameters of Reaumuria soongorica, and the ecological adaptability of root structures to drought have
been investigated [23]. Here we characterized the
distributions of roots and carbon stock of S. gordejevii forests at three ages under the same slope
shapes and planting density. The growing conditions of shrubs are associated with the terrain conditions and meteorological factors [24]. However,
under different terrain conditions or meteorological
factors, the distributions of roots and carbon stocks
of S. gordejevii at other ages may be different from
our findings.
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STUDY ON TREATMENT AND CONTROL OF HIGH
CONCENTRATION ORGANIC WASTEWATER IN LARGE
CORN ETHANOL FACTORY
Yan-Xia Li *, Zeng-Chen Liu, Wen-Ping Zhu, Wei-Jie Yang, Miao-Miao Zuo
College of Chemistry and Chemical Engineering, Zhoukou Normal University, 466000 Zhoukou, China

and the wastewater quality index is shown in Table
2.

ABSTRACT
Large corn ethanol factory had the characteristics which discharged high concentration organic
wastewater. According to that, it chose a suitable
technology of wastewater treatment, to ensure water
quality index and achieve the national discharge
standard, to implement the operation of equipment
continuously and steadily. This paper introduced
specific process of wastewater treatment and characteristics of the process, analysed the economic costs
and benefits in the process of running.

TABLE 1
Wastewater quantity
Wastewater source
Alcohol wastewater
DDGS evaporation condensate
Others
Total

Wastewater quantity
(m³/h)
144.3
238.5
43.3
426

TABLE 2
Wastewater quality index
KEYWORDS:
alcohol wastewater, treatment, biogas, economy.

INTRODUCTION
The wastewater from alcohol plants smelled
badly [1-4] and had a high concentration and organic
matter content, which included the vinasse evaporation condensate, wastewater discharged from heat
exchanger and washed equipment, domestic sewage
[5-10]. If it is discharged directly, it would affect the
environment seriously [11-16].
The factory could deeply process 1.2 million t
corn, which produced 400 000 t alcohol and 350000
t distillers dried grains with solubles (DDGS) in a
year. In order to make wastewater treatment process
working continuously, steadily, and economically,
the factory adopted anaerobic-aerobiotic treatment
process that made effluent quality to achieve the national discharge standard after system worked.

Wastewater
source

pH

Chemical
Oxygen
Demand

Suspended
Solids

Alcohol
wastewater
DDGS
evaporation
condensate
Others

6.6

50350

11820

Biochemical Oxygen Demand
32451

4.7

8220

450

4248

6.8

1200

61

366

Technological processes. The specific process
of wastewater treatment is shown in Fig. 1.

RESULTS AND DISCUSSION
Balance of water quantity and quality. A
2000 m³ failed tank is added for avoiding instability
of water because of the nonuniformity and discontinuity of feed water, and it is helpful to precipitate the
water at first time.
Pretreatment. The wastewater was mixed in
failed tank, flowed into primary clarifier for staying
a moment, then, into regulating pool. We added
NaOH to adjust pH value in regulating pool and nutritive salt. Now the water flowed into circulating
pool, and auxiliary materials like CaO, etc. were
added. At this point, part of the settleable solid material had been removed. Thus, favourable conditions for anaerobic fermentation were provided.

EXPERIMENTAL
In a large corn ethanol factory, organic matter
content of wastewater is high and inlet water quality
is not stable. The plant produced 422 m³/h
wastewater averages, and it meant that 1t alcohol
produced 8.8 t of wastewater. The COD of
wastewater maximum concentration could reach 180
565 mg/l in peak time.
The wastewater quantity is shown in Table 1

Anaerobic fermentation. Because of the high
content of COD and BOD in alcohol wastewater,
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FIGURE 1
Specific process of wastewater treatment

in organic matter and could be sold as fertiliser. In
this moment, the effluent water quality could be
close to standard. The continuous operation of COD
and BOD mixing wastewater treatment is shown in
Fig. 2.

aerobiotic method would lead to low efficiency and
high cost. So factory adopted anaerobic-aerobiotic
treatment process. Water flowed from the circulating
pool and got into IC anaerobic reactor.
The anaerobic reaction was sensitive to environmental factors, thus the temperature of the reactor
must be 33-38oC and pH 6.5-7.5. Wastewater flowed
into the bottom of the IC reactor and passed through
primary, secondary reactor. Most of the COD and
BOD in the IC reactor were anaerobic decomposition and large amounts of biogas were formed.

Operation of biogas system. Biogas included
methane 50-70%, carbon dioxide 20-25%. 1 m³ biogas was equal to 0.7 kg 7000 kcal coal. IC reactor
produced biogas and sent it to 160 m³ coffer. When
the level of coffer reached 70%, biogas was sent to
boiler of power station workshop for burning in the
pipeline by automatic roots blower. If the power station had to stop temporarily, biogas could be burned
directly by flare system for release, which could improve stability and security of operation.

Aerobiotic fermentation. Some water flowed
in circulating pool for anaerobic fermentation again;
the other flowed in aeration tank for aerobiotic fermentation. It had high treatment efficiency (the temperature of aeration tank was 25-30oC).

COSTS AND BENEFITS OF OPERATION
Operation costs. The treatment system used
urea, calcium oxide, sodium hydroxide, flocculating,
and unit cost was 0.79 Yuan/t.
Electricity: 0.25 Yuan/t.
Others: 0.19 Yuan/t
Total: 1.23 Yuan/t
Operation benefits. 0.7 m³ biogas generated 1
kilowatt hour electricity, so it produced 4500 m³ biogas, which could generate 6428 kilowatt hour electricity in a day. We would have 2121240 kilowatt
hour electricity; 1 kilowatt hour electricity was
worth 1 Yuan; and 1.27 million Yuan was saved in a
year.
We could get 15 t dry sludge; 1 t was equal to
50 Yuan; and earns 750 Yuan in a day. 270 thousands Yuan benefits would be got in every year.

FIGURE 2
Continuous operation of COD and BOD mixing
wastewater treatment
The wastewater flowed into secondary clarifier
after aerobiotic treatment. A part of sludge in secondary clarifier flowed back to aeration tank for reusing, the most of it flowed into sludge thickener.
Then been made mud cake by belt filter that was rich
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tion and the Impact of Transport Layer
Performance, in Proc. of IEEE Global Communication Conference (GLOBECOM'10), Miami.
[11] Mckechnie, J., Pourbafrani, M., Saville, B.A.,
Maclean, H.L. (2015) Exploring Impacts of Process Technology Development and Regional
Factors on Life Cycle Greenhouse Gas Emissions of Corn Stover Ethanol. Renew Energ, 76,
726.
[12] Zhang, J., Shao, S., Bao, J. (2016) Long Term
Storage of Dilute Acid Pretreated Corn Stover
Feedstock and Ethanol Fermentability Evaluation. Bioresource Technol, 201, 355.
[13] Liu, Y., Wang, S., Dey, S. (2012) Modeling,
Characterizing, and Enhancing User Experience
in Cloud Mobile Rendering, in Proc. of IEEE International Conference on Computing, Networking and Communications (ICNC'12),
Maui.
[14] Kwiatkowski, J.R., Mcaloon, A.J., Taylor, F.,
Johnston, D.B. (2006) Modeling the Process and
Costs of Fuel Ethanol Production by the Corn
Dry-Grind Process. Ind Crop Prod, 23 (3), 288.
[15] Castro, Y.A., Ellis, J.T., Miller, C.D., Sims,
R.C. (2015) Optimization of Wastewater Microalgae Saccharification using Dilute Acid Hydrolysis for Acetone, Butanol, and Ethanol Fermentation. Appl Energ, 140, 14.
[16] Wang, S., Liu, Y., Dey, S. (2012) Wireless Network Aware Cloud Scheduler for Scalable
Cloud Mobile Gaming, in Proc. of IEEE International Conference on Communications
(ICC'12), Ottawa.

CONCLUSIONS
High concentration organic wastewater in ethanol factory was treated by anaerobic-aerobiotic
treatment process, which could achieve the whole
process of automatic control and on-line monitoring
and realized continuous and stable operation. As the
alcohol plant expanded production, sewage load
gradually increased. The main way of reducing sewage discharge is to increase the alcohol mix material
of clear liquid and evaporation of condensate to recycle.
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F\DQLGHPHWDOFRPSOH[HVRI)H>@)UHHF\DQLGHLV
WKH VXP RI K\GURJHQ F\DQLGH +&1  DQG WKH F\D
QLGH LRQ &1í  )UHH F\DQLGH LV PXFK PRUH WR[LF
WKDQF\DQLGHIRXQGLQFRPSOH[HV+RZHYHUIUHHF\
DQLGH FDQ EH GHJUDGHG PRUH HDVLO\ WKDQ F\DQLGH
FRPSOH[HV &\DQLGH ELRGHJUDGDWLRQ LV TXLWH FRP
SOH[DQGFDQWDNHSODFHYLDIRXUJHQHUDOSDWKZD\V
K\GURO\WLF R[LGDWLYH UHGXFWLYH DQG VXEVWLWX
WLRQWUDQVIHU7KHSDWKZD\WKDWLVIROORZHGGHSHQGV
RQIDFWRUVVXFKDVWKHSUHVHQFHRUDEVHQFHRIR[\JHQ
DQGFDUERQVRXUFHWKHS+WKHF\DQLGHFRQFHQWUDWLRQ
>@ 6HYHUDO UHYLHZV GHVFULEH WKH SDWKZD\V RI ELR
FKHPLFDOF\DQLGHUHPRYDO>@+DQHWDO>@H[DP
LQHGWKHLQKLELWLRQFDXVHGWRQLWULILFDWLRQE\DFU\OR
QLWULOHDFU\OLFDFLGDFHWRQLWULOHDQGF\DQLGHLQDFU\
ORQLWULOHZDVWHZDWHU7KHDXWKRUVFRQFOXGHGWKDWWKH
SUHVHQFHRIF\DQLGHGHJUDGLQJEDFWHULDDVZHOODVWKH
VWHSZLVHLQFUHDVHRILQIOXHQWF\DQLGHFRQFHQWUDWLRQ
FDQPLWLJDWHWKHLQKLELWRU\HIIHFWRIF\DQLGH)XUWKHU
PRUH QLWULILFDWLRQ LQKLELWLRQ FRXOG EH UHFRYHUHG D
IHZGD\VDIWHUWKHIHHGRIF\DQLGHVKDGFHDVHG7KH
SUHVHQFHRISKHQRODQGF\DQLGHLQZDVWHZDWHUZKLFK
LV WUHDWHG ELRORJLFDOO\ FDQ FDXVH SURFHVV LQVWDELOLW\
ZKLFK FDQ OHDG WR WKH ELRPDVV LQKLELWLRQZDVKRXW
IURPWKHELRUHDFWRU3UHYLRXVZRUNVKDYHVKRZQWKDW
HYHQORZFRQFHQWUDWLRQRIIUHHF\DQLGHRIWKHRUGHU
RI±PJ/ LHLQWKHIRUPRI+&1RU&1í FDQ
LQKLELW QLWULILFDWLRQ DQG GHQLWULILFDWLRQ LQ WKH DFWL
YDWHGVOXGJHSURFHVV>@.LPHWDO>@VWXGLHGWKH
LQKLELWLRQFDXVHGWRQLWULILFDWLRQDQGGHQLWULILFDWLRQ
E\F\DQLGHDQGIRXQGWKDWLQDEDWFKV\VWHPDFRQ
FHQWUDWLRQRIPJ/RIIUHHF\DQLGHVOLJKWO\UH
GXFHGWKHLQLWLDOUDWHRIQLWULILFDWLRQZKLOHDFRQFHQ
WUDWLRQRIPJ/FDXVHGDGLVWLQFWODJSKDVHRQQL
WULILFDWLRQ'HQLWULI\LQJEDFWHULDZHUHPRUHWROHUDQW
WR F\DQLGH WKDQ QLWULILHUV KRZHYHU D IUHH F\DQLGH
FRQFHQWUDWLRQRIPJ/UHVXOWHGLQDQDOPRVWFRP
SOHWH LQKLELWLRQ RI GHQLWULILFDWLRQ &RPSDULQJ WKH
WR[LFLW\ RI IUHH F\DQLGH DQG SKHQRO LW FDQ EH FRQ
FOXGHGWKDWIUHHF\DQLGHLVPXFKPRUHWR[LFWRELR
PDVVVLQFHPXFKORZHUFRQFHQWUDWLRQVUHVXOWLQLQ
KLELWLRQRIELRSURFHVVHV
6XSHUFULWLFDO ZDWHU R[LGDWLRQ 6&:2  KDV
EHHQSURSRVHGDVDSURPLVLQJWHFKQRORJ\IRUFRP
SOHWHGHVWUXFWLRQRIZDVWHWKDWDUHULFKLQKD]DUGRXV

ABSTRACT
,Q WKLV SDSHU VXSHUFULWLFDO ZDWHU R[LGDWLRQ
6&:2  LV DGRSWHG WR WUHDW WKH SHWUROHXP
ZDVWHZDWHU%R[±%HKQNHQGHVLJQ %%' DQH[SHU
LPHQWDO GHVLJQ IRU UHVSRQVH VXUIDFH PHWKRGRORJ\
560 ZDVXVHGWRFUHDWHDVHWRIH[SHULPHQWDO
UXQVQHHGHG IRURSWLPL]LQJRIWKH RSHUDWLQJFRQGL
WLRQV7HPSHUDWXUHUHDFWLRQSUHVVXUHUHVLGHQFHWLPH
DQGR[LGDQWGRVDJHDUHH[DPLQHGIDFWRUV7KHH[SHU
LPHQWDO UHVXOWV VKRZ WKDW 6&:2 FRXOG HIIHFWLYHO\
UHGXFH72&UHPRYDOE\6&:2SURFHVVLV
SRVVLEO\VXLWDEOHIRUDSULPDU\WUHDWPHQWIRUSHWUR
OHXP ZDVWHZDWHU 5HVSRQVH VXUIDFH PHWKRGRORJ\
560 FRXOGEHHIIHFWLYHO\DGRSWHGWRRSWLPL]HWKH
RSHUDWLQJPXOWLIDFWRUV

KEYWORDS:
6&:2 3HWUROHXP ZDVWHZDWHU 72& UHPRYDO 5HVSRQVH
VXUIDFHPHWKRGRORJ\

INTRODUCTION
3HWUROHXPUHILQHU\LQGXVWULHVUHVXOWLQWKHSUR
GXFWLRQRIVLJQLILFDQWTXDQWLWLHVRIZDVWHZDWHUIURP
YDULRXVSURFHVVHV ZKLFKLQFOXGH GHVDOWLQJYDFXXP
GLVWLOODWLRQK\GURFUDFNLQJFDWDO\WLFFUDFNLQJFDWD
O\WLFUHIRUPLQJDON\ODWLRQ>@3HWUROHXPDQGSHWUR
FKHPLFDOZDVWHZDWHUFDQFRQWDLQSKHQROVK\GURFDU
ERQVEHQ]HQHWROXHQHHWK\OEHQ]HQH[\OHQHSRO\
F\FOLFDURPDWLFK\GURFDUERQV 3$+V VSHQWFDXVWLF
VRGD F\DQLGHV KHDY\ PHWDOV VXOSKLGHV VRGLXP
FKORULGHDQGRWKHUVXEVWDQFHV>@6HYHUDORIWKHVH
VXEVWDQFHVFDQLQKLELWWKHELRFKHPLFDOUHDFWLRQVWKDW
WDNH SODFH GXULQJ WKH ELRORJLFDO WUHDWPHQW RI
ZDVWHZDWHUUHVXOWLQJLQSRRUWUHDWHGHIIOXHQWTXDOLW\
>@
&\DQLGHFRPSRXQGVDUHSURGXFHGIURPYDULRXV
LQGXVWULDO DFWLYLWLHV VXFK DV PLQLQJ FRNH VWHHO
FKHPLFDO DQG SHWUROHXP LQGXVWU\ &\DQLGH FDQ EH
SUHVHQWLQGLIIHUHQWIRUPVZKLFKLQFOXGH L IUHHF\D
QLGH LL ZHDNDQGPRGHUDWHO\VWURQJPHWDOF\DQLGH
FRPSOH[HVRI$J&G+J&X=Q1LDQG LLL VWURQJ
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WLPHWHPSHUDWXUHDQGSUHVVXUHRQWKHSURFHVVZLWK
UHVSRQVHVXUIDFHPHWKRGRORJ\ 560 $QRWKHUPD
MRUJRDOZDVWRREWDLQWKHRSWLPXPRSHUDWLQJSDUDP
HWHUVWRDFKLHYHWKHPD[LPXP72&UHPRYDO

RUJDQLFSROOXWDQWVVXFKDVVHZDJHVOXGJH PLOLWDU\
ZDVWHVDQGYDULHW\RILQGXVWULDOZDVWHV>@,WLV
ZHOONQRZQQRZWKDWVXSHUFULWLFDOZDWHU 6&:7
&303D EHKDYHVDVDQLQWHUPHGLDWH
EHWZHHQ LWV JDVHRXV DQG OLTXLG VWDWHV DQG H[KLELWV
KLJK GLIIXVLYLW\ DQG JRRG KHDWWUDQVSRUWLQJ SURSHU
WLHV7KHSDUWLFXODUSURSHUWLHVRI6&:PDNHWKHR[
LGDWLRQUHDFWLRQRFFXUULQJJHQHUDOO\LQDVLQJOHIOXLG
SKDVHZLWKRXWWUDQVIHUOLPLWDWLRQLQZDWHUR[\JHQRU
JDQLF PL[WXUH ,Q WKLV ZD\ WKH SURFHVV LQYROYHV D
FRPSOHWHHOLPLQDWLRQRIWKHWDUJHWRUJDQLFPROHFXOHV
WRPDLQO\ZDWHUDQGFDUERQGLR[LGHLQ6&:ZLWKH[
FHVVR[\JHQLQDQH[WUHPHO\IDVWUDWH>@)XUWKHU
PRUH WKH ORZ GLHOHFWULF FRQVWDQW RI 6&: WUHPHQ
GRXVO\ UHGXFHV WKH VROXELOLW\ RI LQRUJDQLF FRP
SRXQGV HJVDOWVR[LGHV DQGUHVXOWVLQDQHIILFLHQW
VHSDUDWLRQIURPZDWHU>@7KHSURFHVVLVEHLQJGH
YHORSHGDVDQDOWHUQDWLYHWRLQFLQHUDWLRQVLQFHWKHUH
LV YLUWXDOO\ QR IRUPDWLRQ RI 12[ DV D UHVXOW RI WKH
UHODWLYHO\ORZHURSHUDWLQJWHPSHUDWXUH%HVLGHVGL
R[LQV DQG RWKHU XQGHVLUHG LQFLQHUDWLRQ E\SURGXFWV
DUHQRUPDOO\QRWREVHUYHGLQ6&:2SURFHVV>@
,Q WKLV ZRUN WUHDWPHQW RI SHWUROHXP
ZDVWHZDWHUZDVSHUIRUPHGLQDEDWFK6&:2UHDFWRU
LQYHVWLJDWLQJWKHHIIHFWVRIR[LGDQWGRVDJHUHDFWLRQ

MATERIALS AND METHODS
&KDUDFWHULVWLFV RI SHWUROHXP ZDVWHZDWHU DUH
OLVWHG LQ7DEOH  +\GURJHQ SHUR[LGH VROXWLRQ ZLWK
PDVVIUDFWLRQRIVHUYHGDVWKHR[LGDQW
)LJLOOXVWUDWHVWKHH[SHULPHQWDODSSDUDWXVLQ
WKLVVWXG\7KHEDWFKUHDFWRUZDVPDGHRI+DVWHOOR\
&DOOR\ZLWKDQHWFDSDFLW\RIP/ZKLFKZDV
GHVLJQHGWRDPD[LPXPWHPSHUDWXUHDQGSUHVVXUHRI
DQG03DUHVSHFWLYHO\7KHWHPSHUDWXUHZDV
PRQLWRUHGE\DWKHUPRFRXSOHDQGDGMXVWHGE\DWHP
SHUDWXUH FRQWUROOHU DXWRPDWLFDOO\ $ KLJKSUHVVXUH
JDXJHZDVDSSOLHGWRGHWHUPLQHWKHLQQHUSUHVVXUHRI
UHDFWRU ZKHQ WKH UHDFWRU ZDV KHDWLQJ DQG DQRWKHU
ORZSUHVVXUH JDXJH ZDV XVHG WR PHDVXUH WKH SUHV
VXUHRISURGXFWVDIWHUWKHUHDFWRUZDVFRROHGWRURRP
WHPSHUDWXUH$GLSWXEHZDVH[WHQGHGWRWKHERWWRP
RIUHDFWRUIRUSXUJLQJWKHZKROHUHDFWRUE\1

7$%/(
)HDWXUHVRIWKHSHWUROHXPZDVWHZDWHU
3DUDPHWHU
&2' PJO
3KHQROV PJO
2LO PJO
S+
7XUELGLW\ 178
7RWDORUJDQLFFDUERQ 72&
6XVSHQGHGVROLG PJO

&RQFHQWUDWLRQ








),*85(
6FKHPDWLFGLDJUDPRIWKHEDWFKUHDFWRU  JDVEDJ  ORZSUHVVXUHJDXJH  KLJKSUHVVXUHJDXJH
 VDIHW\YDOYH  WKHUPRFRXSOH  FRROLQJZDWHULQOHW  FRROLQJZDWHURXWOHW  FRROLQJFRLO  
NHWWOH  NHWWOHFRYHU  HOHFWULFKHDWHU  WHPSHUDWXUHFRQWUROOHU  SRZHUVRXUFH  QLWUR
JHQF\OLQGHU  QHHGOHYDOYH  FKHFNYDOYH
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SURGXFWVZHUHPRQLWRUHGE\D72&DQDO\]HU 
6KLPDG]X&RUSRUDWLRQ-DSDQ 

7KHH[SHULPHQWVZHUHSHUIRUPHGXVLQJWKHIRO
ORZLQJ SURFHGXUH IRU VDIHW\ DQG RSHUDWLRQ FRQYHQ
LHQFH$WWKHEHJLQQLQJRIHDFKH[SHULPHQWTXDQWL
WDWLYHSHWUROHXPZDVWHZDWHUDQG+2VROXWLRQZHUH
FKDUJHGLQWRWKHUHDFWRUEHIRUHWKHUHDFWRUZDVVHDOHG
7KHZKROHV\VWHPZDVSXUJHGE\1IRUPLQWR
VZHHS WKH DLU $IWHUZDUG WKH VZLWFK RI KHDWLQJ
SRZHUZDVWXUQHGRQDQGWKHWHPSHUDWXUHFRQWUROOHU
ZDVDGMXVWHGWRWKHVHOHFWHGYDOXHV$VVRRQDVWKH
WHPSHUDWXUHZDVUHDFKHGWKHVHWWLQJYDOXHWKHUHDF
WRUZDVKHOGIRUDVSHFLILHGWLPH:KHQWKHGHVLUHG
UHDFWLRQ WLPH KDV HODSVHG WKH HOHFWULF KHDWHU ZDV
VWRSSHGLPPHGLDWHO\DQGWKHUHDFWRUZDVFRROHGWR
URRPWHPSHUDWXUHUDSLGO\E\FRROLQJZDWHU*DVHRXV
DQGOLTXLGSURGXFWV ZHUH FROOHFWHGDQGDQDO\]HGDW
WKH HQG RI HDFK H[SHULPHQW ,Q WKLV ZRUN ZH UH
SHDWHGHDFKH[SHULPHQWWKUHHWLPHV
7KH WRWDO RUJDQLF FDUERQ 72&  RI WKH OLTXLG

RESULTS AND DISCUSSION
([SHULPHQWDO UHVXOWV 7KH IRXU LQGHSHQGHQW
YDULDEOHVDQGOHYHOVDUHSUHVHQWHGLQ7DEOH7DEOH
VKRZVWKH WRWDOQXPEHURIH[SHULPHQWVDV%%'
PHWKRG
Interaction by RSM. For Fig. 2, it is shown
that temperature and residence time have obvious effects on TOC removal. When temperature is closed
to 440°C and residence time is about 5 min, TOC removal is about 96%.

7$%/(
)DFWRUOHYHO
)DFWRUOHYHO
$ WHPSHUDWXUH &
% UHDFWLRQSUHVVXUH 03D
& UHVLGHQFHWLPH PLQ
' R[LGDQWGRVDJH PJ/
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D
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0
-1
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0
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0
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TOC removal (%)
93.43
96.24
94.54
95.96
93.19
95.86
93.85
96.33
93.58
95.32
94.01
95.71
92.91
94.64
95.09
95.89
91.87
94.5
94.99
94.92
95.59
95
95.04
94.89
94.8
94.8
94.44
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For Figure 4, it is seen that there is strong interaction between UHVLGHQFHWLPH DQG oxidant dosage.
Oxidant dosage plays the main role in TOC removal
when UHVLGHQFHWLPH changes little.

),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQ
EHWZHHQWHPSHUDWXUHDQGresidence timeRQ
72&UHPRYDO

),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQEH
WZHHQUHDFWLRQSUHVVXUHDQGoxidant dosageRQ
72&UHPRYDO
For Figure 5, it is seen that there is strong interaction between UHDFWLRQSUHVVXUHDQGoxidant dosage.
Oxidant dosage plays the main role in TOC removal
when UHDFWLRQSUHVVXUH changes little.
For Figure 6, it is seen that 72&UHPRYDOLQ
FUHDVHVZKHQresidence timeLQFUHDVHVWhen UHDF
WLRQSUHVVXUH is closed to 28 MPa and residence time
is about 5 min, TOC removal is about 95%.

),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQ
EHWZHHQWHPSHUDWXUHDQGreaction pressureRQ
72&UHPRYDO
)RU)LJXUHLWLVVKRZQWKDW72&UHPRYDOLQ
FUHDVHVZKHQWHPSHUDWXUHLQFUHDVHV,QFUHDVHGUDQJH
RIreaction pressureRQ72&UHPRYDOLVQRWYHU\RE
YLRXV

),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQEH
WZHHQUHDFWLRQSUHVVXUHDQGresidence timeRQ
72&UHPRYDO
For Figure 7, it is seen that 72&UHPRYDOLQ
FUHDVHVZKHQWHPSHUDWXUHLQFUHDVHVWhen WHPSHUD
WXUH is closed to 480°C and oxidant dosage is about
200 mg/L, TOC removal is about 95.5%.

),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQEH
WZHHQUHVLGHQFHWLPHDQGoxidant dosageRQ
72&UHPRYDO
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IRU:DVWHZDWHU7UHDWPHQW6\VWHPV8VLQJ1HX
UDO 1HWZRUN$SSURDFK )UHVHQ (QYLURQ %XOO

[4] &KHQ <+ :DQJ <7 'DL -/ DQG :DQJ
54   3URNDU\RWLF &RPPXQLW\ 6WUXFWXUH
DQG &RPSRVLWLRQ LQ $ )XOO6FDOH :DVWHZDWHU
7UHDWPHQW6\VWHPIRU7KH+LJK(IILFLHQF\%LR
GHJUDGDWLRQRI3RO\YLQ\O$OFRKRO)UHVHQ(QYL
URQ%XOO
[5] /L(&-LQ;::X6DQG/X6*  
$Q $QR[LF2[LF 0HEUDQH %LRUHDFWRU IRU 7KH
7UHDWPHQW RI &RQFHQWUDWHG &ROG5ROOLQJ
:DVWHZDWHU IURP 5HYHUVH 2VPRVLV 3URFHVV
)UHVHQ(QYLURQ%XOO
[6] &KHQ4//X;</LX-<X-'*X--
1LQJ30LDR55DQG*XDQ44  5H
F\FOLQJ:DWHU+\DFLQWKE\*DVLILFDWLRQ LQ 6X
SHUFULWLFDO :DWHU )UHVHQ (QYLURQ %XOO 

[7] $EGROODKL < $EGXOODK $+ =DLQDO = DQG
<XVRI 1$   'HJUDGDWLRQ RI PFUHVRO
ZLWK0QGRSHG=Q2QDQRSDUWLFOHVXQGHUYLVLEOH
OLJKWLUUDGLDWLRQ)UHVHQ(QYLURQ%XOO

[8] 'XEH\6.DQG+ROPHV'6  %LRORJL
FDO F\DQLGH GHVWUXFWLRQ PHGLDWHG E\ PLFURRU
JDQLVPV:RUOG-0LFURELRO%LRWHFKQRO

[9] +DQ<-LQ;:DQJ</LX<DQG&KHQ;
 ,QKLELWRU\HIIHFWRIF\DQLGHRQQLWULILFD
WLRQSURFHVVDQGLWVHOLPLQDWLQJPHWKRGLQDVXV
SHQGHG DFWLYDWHG VOXGJH SURFHVV (QYLURQ 6FL
3ROOXW5HV
[10] .HOO\ 57 +HQULTXHV ,' DQG /RYH 1*
 &KHPLFDOLQKLELWLRQRIQLWULILFDWLRQLQDF
WLYDWHGVOXGJH%LRWHFKQRO%LRHQJ
[11] .LP<0&KR+8/HH'63DUN'DQG
3DUN-0  &RPSDUDWLYHVWXG\RIIUHHF\
DQLGHLQKLELWLRQRQQLWULILFDWLRQDQGGHQLWULILFD
WLRQLQEDWFKDQGFRQWLQXRXVIORZV\VWHPV'H
VDOLQDWLRQ
[12] %DL+DQG'DL:<  $ONDOLQH&OHDQLQJ
6ROXWLRQ :DVWHZDWHU 7UHDWPHQW YLD &RPELQHG
&RDJXODWLRQDQG6XSHUFULWLFDO:DWHU2[LGDWLRQ
3URFHVVHV2[LG&RPPXQ
[13] <X / +DQ 0 'HQJ -/ DQG &KHQ <+
 $IIHFWLQJ)DFWRUVRQ6XSHUFULWLFDO:DWHU
2[LGDWLRQRI3HWURFKHPLFDO6OXGJH2[LG&RP
PXQ
[14] *RQJ<0 *XR< :DQJ 6= 6RQJ :+
DQG;X'+  6XSHUFULWLFDOZDWHUR[LGD
WLRQRITXLQD]ROLQH5HDFWLRQNLQHWLFVDQGPRG
HOLQJ:DWHU5HV
[15] (ULNR67DWVX\D)5XPLNR+DQG<RVKLWR2
 .LQHWLFDQDO\VLVRIWKHPL[WXUHHIIHFWLQ
VXSHUFULWLFDOZDWHUR[LGDWLRQRIDPPRQLDPHWK
DQRO 7KH -RXUQDO RI 6XSHUFULWLFDO )OXLGV 


),*85(
5HVSRQVHVXUIDFHSORWVRIWKHLQWHUDFWLRQEH
WZHHQWHPSHUDWXUHDQGoxidant dosageRQ72&
UHPRYDO

CONCLUSIONS
6&:2 SURFHVV LV SRVVLEO\ VXLWDEOH IRU D SUL
PDU\WUHDWPHQWIRUSHWUROHXPZDVWHZDWHU7KLVSDSHU
GHPRQVWUDWHVWKDWWKH6&:2SURFHVVLVHIIHFWLYHLQ
UHGXFLQJ72&UHPRYDO  %%'GHVLJQSUR
YLGHVVXIILFLHQWGDWDWRILWWKHTXDGUDWLF PRGHOVIRU
72&UHPRYDOV560FRXOGEHHIIHFWLYHO\DGRSWHGWR
RSWLPL]H WKH RSHUDWLQJ PXOWLIDFWRU LQ FRPSOH[
6&:2SURFHVV
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ABSTRACT

INTRODUCTION

Lawns are an important element of the public
space. Their aesthetic and functional values as well
as durability are determined by cultivation treatments, in particular mowing (from several to several
ten times in the growing season). Cut biomass is usually collected and removed from the surface of
lawns, but sometimes it is deliberately left on the
lawn surface, thereby influencing the growth and development of plants. The aim of the study was to assess the effect of mown aboveground biomass of 3
lawn cultivars of perennial ryegrass (L. perenne)
(commonly used in lawn blends) on the initial
growth of other cultivars of lawn grasses. The investigations were conducted in the laboratory in Petri
dishes for analysis of aqueous leaf extracts, and in
specially prepared glass pots, in which the seeds of
the acceptors were covered with fresh aboveground
biomass of L. perenne. The control consisted of objects with filter paper wetted with distilled water or objects without donor leaves on the substrate.
The investigations demonstrated that both the
aqueous leaf extracts and the cut vegetative aboveground shoots of the lawn grass cultivars (donors)
placed on a sandy substrate exerted a significant effect on the initial growth of the tested acceptors by
impeding plant emergence to the greatest extent and
limiting the length of roots and the height of seedlings to a lesser extent. This effect may be related to
the allelopathic properties of Lp, which is additionally confirmed by the content of flavonoids and phenolic acids (also identified in the sand culture with
the cut donor biomass) i.e. allelopathic compounds,
in its leaves. Therefore, mown L. perenne grass
should not be left on the lawn surface, since it has an
adverse effect on the growth of other lawn grass cultivars.

In recent years, there has been a dynamically increasing interest in establishment of lawns, which serve
many functions both in the public space and in private
property areas [1]. This prompts exploration of the
ways of management of these surfaces, including prevention of changes in lawn species composition and deterioration of the aesthetic values of grass.
Besides the species and variety composition of
the blend and habitat factors, cultivation treatments determine the desirable appearance and good condition of
grass. Mowing repeated several times during the growing season is the primary treatment for all types of
lawns [2]. Cut biomass is usually collected and removed from the lawn surface or is often deliberately
left on the grass surface as fertilising material. Additionally, this method solves the problem of grass disposal. On the other hand, literature on allelopathy provides information that the aboveground parts of grasses
(e.g. leaves, stems) are rich in many water-soluble allelopathic compounds (which are also represented by
phenol derivatives). These compounds, eluted by water (rain, fog, or dew droplets) or during biomass decomposition, can alter environmental conditions and
serve a function of a limiting or controlling factor in
plant growth [3, 4, 5]. They are one of the most poorly
explored factors determining the stability of the floristic composition of lawns. Changes in the floristic
composition are usually attributed to mistakes in
lawn management and care as well as environmental
stress conditions. Still, biotic stress factors, e.g. allelopathy, are seldom considered [6]. Identification of
these factors has great cognitive and practical importance. It will help better explain the causes of
changes in the floristic composition of grass lawns
and control these changes more effectively merely
by using natural resources (leaving or removing cut
biomass).
The assumption in these investigations was that
mown aboveground grass biomass might exert an allelopathic effect on the lawn components, thereby altering the floristic composition and decorative values
of grass. The investigations were aimed at determination of the possible impact of aqueous leaf extracts and

KEYWORDS:
Allelopathy, cut lawn grass, lawn cultivars perennial
ryegrass, initial growth seedling
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a SON-T Agro type high pressure output lamp (average light intensity of approx. 3000 lux at table
level). Its special SGR 1400-type socket guaranteed
appropriate and evenly distributed lighting of plants
(U of about 80%). The air temperature in the room
was optimum for the development of grass and
ranged between 22 and 25oC.
The results were processed statistically using
the SAS v.91 program, with the use of one-way anal\VLVRIYDULDQFHDQG7XNH\ VWHVWIRUĮ0HDQ
values in the columns between which no statistically
significant differences occurred are marked with the
same letter.
In the plant material of the donors (the cut
DERYHJURXQGELRPDVVRIWKHµ1LJD¶1LUD¶DQGµ6WD
GLRQ¶FXOWLYDUVRIL. perenne), the flavonoid and phenolic acid content was determined. The total flavonoid content was analysed by means of High Performance Liquid Chromatography (HPLC) while the
phenolic acid content was analysed by means of Ultra Performance Liquid Chromatography (UPLC).
The content of phenolic compounds was determined
with the HPLC method also in the substrate (sand
culture without acceptor plants) at day 28 after mixing the donor leaves with sand. The analyses were
conducted at the Department of Biochemistry of the
Institute of Soil Science and Plant Cultivation State
Research Institute (IUNG PIB) in Pulawy.

decomposing leaves of the lawn L. perenne cultivars
on the initial growth of other lawn grass cultivars.
Disturbances that occur at this stage of plant growth
may impair nutrient metabolism, photosynthesis,
and water uptake and transport [7]. Consequently,
some species increase their share in the lawn while
other species that are more sensitive to the allelopathic
effect sare eliminated [1].

MATERIALS AND METHODS
The laboratory bioassays determined the effect
of aqueous leaf extracts (I) and decomposing leaves
(II) of 3 lawn L. perenne cultivars, i.e. µ1LJD¶1LUD¶
DQG µ6WDGLRQ¶ GRQRUV  RQ WKH JURZWK RI DFFHSWRU
seedlings, i.e. µ1LZD¶ Agrostis capillaris)%LOD¶ Poa
pratensis), µ6WDGLRQ¶ Lolium perenne), µ(VSUR¶
(Festuca ovina) µ$UHWD¶ Festuca rubra), and µ$V
WHUL[¶ Festuca arundinacea).
7KH OHDYHV RI HDFK GRQRU µ1LJD¶ 1LUD¶ DQG
µ6WDGLRQ¶ ZHUHVDPSOHGIRUWHVWLQJLQWKHILHOGH[
periment (cutting at the height of 4 cm when the
sward was ca. 8 cm high). Next, the plant material
was washed with running water to remove remnants
of soil and other impurities, dried with hot air, and
cut into fine pieces (ca. 2 mm long). The plant material prepared in this way was used for preparation of the
aqueous extracts for experiment I or as biomass
mixed with the substrate in experiment II.
In experiment I, aqueous extracts were prepared by covering the plant material with distilled
water (20 ml of water per 1 g of biomass) and keeping it at room temperature for 24 h. After filtration on
filter paper, the extracts were stored in a refrigerator
at 5°C. The acceptor seeds (20 of each) were placed
in Petri dishes (in four replicates) on 3 layers of chromatography filter paper (Whatman No. 3001917).
The filter paper was wetted daily with 3 ml of the
aqueous extracts (donors). The control consisted of
objects with filter paper wetted with distilled water.
The experiment II was established in specially
prepared vases, in a completely randomized design
(three repetitions), using a root exudate recirculating
system [8] There were four test cycles. In each vase,
filled with quartz sand, 20 seeds of the tested acceptor were placed and covered with 150 g of finely cut
leaves of the donors (an estimated equivalent of the
cut biomass left on the lawn surface). In the control
objects, there were no donor leaves on the surface.
The tested plants were watered everyday with a solution of distilled water and Hoagland's medium.
In all objects, the emergence, root length and
seedling height of the tested plants were assessed on
the 10th day from the sowing date for A. capillaris,
on the 14th day for L. perenne and F. arundinacea,
on the 21st day for F. ovina and F. rubra and on the
28th day for P. pratensis [9].
Biotests were conducted in conditions of daily
12-hour (7.00 am to 7.00 pm) artificial lighting with

RESULTS
The investigations showed a significant effect
of the aqueous extracts from the leaves of lawn L.
perenne cultivars on the grain germinability in the
tested acceptor grass species. The response of the acceptors varied (Tab. 1). A. capillaris grains proved
to be the most sensitive to the effect of all the analysed donors, which was indicated by the lower seedling emergence rate in objects with substrates wetted
with the aqueous leaf extracts than that in objects
wetted with distilled water (control). The greatest inKLELWLRQ ZDV FDXVHG E\ WKH H[WUDFWV IURP WKH µ6WD
GLRQ¶YDULHW\6LPLODUO\WKHJHUPLQDELOLW\UDWHRIP.
pratensis and F. ovina was lower in all objects
treated with the aqueous extracts than in the control
objects; however, the differences were statistically
significant only in the case of the treatment with the
µNira¶DQGµNiga¶H[WUDFWV,QWKHWUHDWPHQWZLWKthe
µ6WDGLRQ¶OHDIH[WUDFWVWKHVHHGOLQJHPHUJHQFHUDWH
in P. pratensis was only slightly lower and the germination rate in the F. ovina variety was very similar
to that in the control objects. The assessment of the
effect of the aqueous extracts of each donor revealed
that the germination rate of F. rubra grains exposed
to the impact of the donors was lower than that on
the substrate wetted with distilled water. However,
significant differences were found only at applicaWLRQRIWKHµ1LUD¶DQGµ6WDGLRQ¶OHDIH[WUDFWV$VLJ
QLILFDQWQHJDWLYHHIIHFWRIWKHµ6WDGLRQ¶OHDIH[WUDFW
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REMHFWVEXWRQO\XQGHUWKHLQIOXHQFHRIWKHµ1LJD¶GR
QRUDQGRQO\XQGHUWKHLQIOXHQFHRIWKHµ6WDGLRQ¶GR
nor in the case of F. rubra. The emergence rate of L.
perenne under the impact of the donor and in the control objects did not differ significantly, but it was the
ORZHVWXQGHUWKHLQIOXHQFHRIWKHµ1LUD¶GRQRU
The aqueous extracts from the leaves of all the
donors significantly inhibited the root growth in A.
capillaris, L. perenne, and F. rubra seedlings (Tab.
2). The greatest inhibition rates were induced by the
µ1LJD¶YDULHW\H[WUDFWVLQ A. capillaris (80% of nongerminating grains) and F. rubra (ca. 64%) and
µ1LUD¶H[WUDFWVLQL. perenne (64% inhibition). Similarly, extracts from the leaves of this variety had the
strongest (significant) inhibitory effect on the elongation of F. ovina and F. arundinacea seedling roots.
The roots of these acceptors exhibited a significantly
lower rate of development when treated with the
DTXHRXVH[WUDFWVRI µ6WDGLRQ¶OHDYHV ZKHUHDVWKHLU
length at the expRVXUHWRWKHµ1LJD¶H[WUDFWVZDVVLP
ilar to that in the control group. Among the acceptors, P. pratensis appeared to be the least sensitive to
the action of the aqueous extracts from the donors,
DVRQO\WKHµ1LUD¶YDULHW\LQGXFHGVLJQLILFDQWJURZWK
inhibition of its roots.

was also noted in the case of F. arundinacea, as the
grain germination rate was by 40% lower. In comparison with the control object, significantly weaker
F. arundinacea germinability was also caused by the
H[WUDFWV RI µ1LJD¶ OHDYHV  RI QRQ-germinating
grains). In turn, the seedling emergence rates in this
acceptor did not differ significantly in the objects
ZHWWHGZLWKWKHµ1LUD¶DTXHRXVH[WUDFWVDQGGLVWLOOHG
water. The lowest sensitivity of all the tested species
(acceptors) was noted for L. perenne, as its germination rate was significantly lower than that in the conWURORQO\LQWKHWUHDWPHQWZLWKWKHµ1LUD¶DTXHRXVOHDI
extracts. The extracts of the other cultivars (Niga and
Stadion) slightly stimulated L. perenne grain germination.
Similar relationships between the effect of the
donors and the response of the acceptors were noted
in experiment II, in which the effect of decomposing
leaves of L. perenne cultivars was assessed. In this experiment, A. capillaris, P. pratensis, and F. arundinace turned out to be the most sensitive to the impact
of all the donors tested. Under the influence of the donors, the emergence of these species was poorer by 50
to 60% than in the control objects (Tab. 1). The emergence of F. ovina was also poorer than in the control

TABLE 1
Emergence (%) of the acceptors under the influence of the donors and under control conditions*
Donors
Lolium perenne (perennial ryegrass)

Acceptors

Source of
allelo-compounds

lawn
cultivars

Agrostis
capillaris

Poa
pratensis

Lolium
perenne

Festuca
ovina

Festuca rubra

Festuca
arundinacea

water extracts from
the leaves

'Niga'
'Nira'
'Stadion'

43ab
48bc
35a
65d
47a
44a
41a
74b

36a
30a
60bc
70c
41ab
29a
47b
83c

82b
62a
90b
80b
85a
74a
83a
85a

75b
58a
85c
86c
54a
66ab
86b
94b

81ab
80ab
78a
90b
76ab
84ab
70a
95b

50b
53bc
40a
68c
58a
55a
51a
83b

Control
decomposing leaves
of Lp lawn cultivars

'Niga'
'Nira'
'Stadion'

Control

* The same letters indicate the lack of significant differences between mean values in the particular columns
TABLE 2
Root length (mm) of the acceptors under the influence of the donors and under control conditions*
Donors
Lolium perenne (perennial ryegrass)

Acceptors

Source of
allelo-compounds

lawn
cultivars

Agrostis
capillaris

Poa
pratensis

Lolium
perenne

Festuca
ovina

Festuca rubra

Festuca
arundinacea

water extracts from
the leaves

'Niga'
'Nira'
'Stadion'

3a
6b
7b
15c
11a
12ab
13b
13b

13b
5a
14b
15bc
16ab
14a
17b
17b

32b
20a
38b
55c
27b
17a
18a
23b

27c
13a
18b
28c
13b
8a
13b
30c

29a
40ab
31a
80c
30b
22a
30b
30b

22bc
7a
15b
25c
23b
14a
25b
19ab

Control
decomposing leaves
of Lp lawn cultivars
Control

'Niga'
'Nira'
'Stadion'

* The same letters indicate the lack of significant differences between mean values in the particular columns
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TABLE 3
Seedling height (mm) of the acceptors under the influence of the donors and under control conditions*
Donors
Lolium perenne
(perennial ryegrass)

Acceptors

Source of
allelo-compounds

lawn
cultivars

Agrostis
capillaris

Poa
pratensis

Lolium
perenne

Festuca
ovina

Festuca rubra

Festuca
arundinacea

water extracts
from the leaves

'Niga'
'Nira'
'Stadion'

Control
decomposing
leaves of Lp lawn
cultivars
Control

'Niga'
'Nira'
'Stadion'

10,8a
10,5a
17,2b
26c
13a
15a
20b
22b

35b
28a
39bc
37b
80b
58a
57a
60a

65a
58a
62a
67a
79b
65ab
56a
60a

58c
39a
45b
59c
62b
50a
66b
58ab

75a
80ab
73a
70a
96b
71a
87ab
78a

32a
58b
59b
61b
46a
62b
72c
67bc

* The same letters indicate the lack of significant differences between mean values in the particular columns

The analysis of the effect of decomposing donor leaves on the height of acceptor seedlings revealed that A. capillaris was the most sensitive species. The height of the species seedlings was significantly lower than that in the control objects under the
imSDFWRIWKHµ1LJD¶DQGµ1LUD¶GRQRUVZKHUHDVWKH
F. arundinacea seedlings were significantly shorter
RQO\ LQ WKH REMHFWV WUHDWHG ZLWK WKH µ1LJD¶ GRQRU
(Tab. 3). In turn, the P. pratensis seedlings were significantly (nearly two-fold) higher in the objects
treated with all the donors, compared with the control, and L. perenne and F. rubra seedlings were
KLJKHURQO\LQWKHREMHFWVZKHUHWKHµ1LJD¶YDULHW\
was applied. In comparison with the control, no significant effect of the donors on the height of the F.
ovina seedlings was noted.
The flavonoid and phenolic acid content in the
vegetative aboveground shoots of the tested lawn
cultivars of L. perenne (donors) was varied. The
highest content of these compounds was found in the
OHDYHVRIWKHµ1LJD¶FXOWLYDU a lower content in the
µ1LUD¶ FXOWLYDU E\  DQG  UHVSHFWLYHO\  DQG
WKHORZHVWFRQWHQWLQWKHµ6WDGLRQ¶FXOWLYDU ORZHUE\
65% and 42% respectively). Among the phenolic acids identified in the leaves of all cultivars, p-Coumaric
acid and ferulic acid occurred in the highest amount
(Tab. 4).
Similar correlations were also observed in the
content of phenolic acids (total) in the substrates
(sand culture) supplemented with decomposing cut
fresh leaves of the analysed L. perenne cultivars (donors) (Fig. 1). In comparison with the control substrate (without donor leaves), the highest content of
phenolic compounds (per chlorogenic acid units)
was determined in the Niga cultivar. In turn, the Nira
and Stadion cultivars exhibited many times lower
contents of these compounds (by 40 and 70,9%, respectively) than the Niga cultivar.

Compared with the aqueous extracts of the donor leaves, the cut leaves placed on a sandy substrate
induced lesser inhibition of the root growth in the acceptor seedlings. In comparison with the control objects, the roots of F. ovina seedlings only were significantly shorter at the exposure to all the donors
(Tab. 2). The response of the other acceptors varied.
The roots of L. perenne were significantly shorter
RQO\ZKHQH[SRVHGWRWKHµ1LUD¶DQGµ6WDGLRQ¶FXOWL
vars; the length of F. rubra and A. capillaris roots
ZDVRQO\DIIHFWHGE\WKHµ1LUD¶DQGµ1LJD¶GRQRUFXO
tivars, respectively. In turn, the P. pratensis roots
were significantly longer in the treatment with the
µ1LJD¶DQGµ6WDGLRQ¶GRQRUVWKDQLQWKHFRQWURORE
jects, whereas F. arundinacea had longer roots when
H[SRVHGWRWKH µ6WDGLRQ¶GRQRUEXWWKHGLIIHUHQFHV
were not significant.
The aqueous leaf extracts from all donors significantly inhibited the height of A. capillaris seedlings (Tab. 3), with the greatest inhibition (ca. 60%)
FDXVHGE\WKHµ1LUD¶H[WUDFWV6LPLODUO\WKHH[WUDFWV
had a significant inhibitory effect on the growth of
P. pratensis and L. perenne seedlings. There was no
VLJQLILFDQWLPSDFWRIWKHµ1LJD¶DQGµ6WDGLRQ¶FXOWL
vars on the height of the seedlings of these acceptors.
In the treatment with the aqueous extracts and distilled water (control), the height of the F. ovina seedlings differed as well. Compared with the control, the
µ1LUD¶ DQG µ6WDGLRQ¶ GRQRUV LQGXFHG VLJQLILFDQW
growth inhibition in the seedlings of this acceptor,
with the lowest height noted in the seedlings treated
ZLWK WKH µ1LUD¶ OHDI H[WUDFWV ,Q WXUQ WKHUH ZDV QR
significant effect of the donors on the height of the
F. rubra seedlings. In all objects wetted with the
aqueous leaf extracts, the seedlings were only
slightly higher than those in the control object. Low
sensitivity to the extracts applied was exhibited by
the F. arundinacea VHHGOLQJV2QO\WKH µ1LJD¶OHDI
extracts caused significant inhibition of their growth.
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TABLE 4
Flavonoid (expressed as rutin content in mg ·g -1 of dry matter) and phenolic acid contents
(P
Pg g-1 of dry matter) in the leaves of the lawn cultivars of L. perenne
Compound
Flavonoids
Total phenolic acids
including:
Protocatechuic acid
4-hydroxybenzoic acid
Vanillic acid
Caffeic acid
Syryngic acid
p-Coumaric acid
Ferulic acid
Sinapinic acid
mg g-1DM

0,06

µ1LJD¶
2.289
33.70

Cultivars
µ1LUD¶
1.585
30.30

0.90
1.50
1.99
3.95
1.03
11.92
11.88
0.53

1.13
1.88
1.89
3.95
1.11
10.34
9.44
0.56

µ6WDGLRQ¶
0.81
19.48
0.42
0.29
3.00
0.24
5.43
9.61
0.49

3KHQROLF«

0,055
0,033

0,04

0,016

0,02

0
0
Niga

Nira

Stadion

Control

FIGURE 1
Phenolic acid content (converted into chlorogenic acid, mg . g 1dry matter) in the medium with leaves of
the lawn culivars of perennial ryegrass

The effect of donors varied and depended on
the source of allelocompounds and the assessed parameter (seed germination/seedling emergence,
growth of roots or seedlings]. Greater activity was
shown by the aqueous leaf extracts than the cut
leaves placed on the sandy substrate. This may imply
dominance of water-soluble allelopathic compounds
in the grass leaves (e.g. some phenolic compounds).
At their direct impact, these compounds had a
stronger inhibitory effect on the initial plant growth
than when the leaves were mixed with quartz sand
[16]. Additionally, in the consecutive weeks of the
bioassay, a stimulatory effect of the cut leaves of
some cultivars was noted (in particular in the Nigacultivar), which was manifested as increased intensity of growth, especially of the aboveground
parts in P. pratensis, L. perenne, and F. rubra. Similarly, as indicated by other authors [17, 18], the allelopathic activity of products of plant residue degradation depends on the degree of their decomposition and varies during the decomposition process; it
is always higher at its initial stage and declines along
the duration of the process.
The greatest inhibition was noted in the root
growth and germination; a lesser inhibitory effect

DISCUSSION
The present results of laboratory analyses have
shown that both the aqueous leaf extracts and cut
leaves of lawn L. perenne cultivars placed on a sandy
substrate had an effect on the initial growth of acceptor plants. Studies carried out by other authors also
indicate that L. perenneis an effective plant growth
inhibitor [10, 11]. According to Zuk and Fry [12],
allelopathic substances present in the leaves and
roots of L. perenne are capable of inhibiting the
growth and development of Zoysia japonica, a species that frequently occurs in lawn swards. Also according to Bostan, Moisuc [13], the existence of
plant-free areas as well as the reduced diversity of
species in the neighbourhood of L. perenne can result from the presence of allelopathic compounds in
the grass organs. According to Lambert et. al. [14],
the allelopathic properties of this species can effectively inhibit Cynodon dactylon. As shown by Kraus
et al. [15] in selected sward species, such as L.
perenne, the release of chemical compounds inhibiting the growth of other species can provide its persistence and dominance in the grass lawn.
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of plants [28]. Even in small amounts, they are
known to inhibit nutrient absorption in plants [29,
30] as well as enzymatic activity, cell divisions, and
root elongation growth. They may also induce
changes in the cell ultrastructure, thereby disturbing
normal growth and development of the plant [31,
32]. The presence of phenolic acids in a cultivated
plant can reduce the germination capacity of many
weeds [18, 33]. Studies by Cheynier et. al. [7] found
that the inhibited root growth, which seems to result
from the blocking of auxin transport and change in
redox status of cells [34].
Flavonoids and phenolic acids are present in all
plant tissues, but their greatest amounts have been
found in leaves [5, 35]. In the leaves of all cultivars,
p-coumaric acid and ferulic acid occurred in the
highest amount. p-coumaric acid is a substance with
high allelopathic potential [36]. Ferulic acid in conjunction with caffeic acid also exhibits high phytotoxic activity [37]. Coumaric acid and ferulic acid extracted from Bouteloua dactyloides inhibited the root
growth of Poa annua seedlings [38]. The inhibitory
effect of p-coumaric acid on the growth of Echinochloa cruss-galli was demonstrated e.g. by Xu et.al.
[39]. Many phenolic acids have been characterised as
allelopathic inhibitors in other Poaceae representatives [40, 41].
The knowledge of the correlations presented
above is important, since disruption in initial plant
growth can lead to disturbances in many life processes and, consequently, can influence the species
composition and the aesthetic value of the lawn [1].
Understanding the mechanism of allelopathy opens
up enormous possibilities for controlling communities by merely using their natural resources [4, 42,
43].

was reported in the case of the growth of the aboveground parts of the acceptor. Low sensitivity of
aboveground shoots to the effect of allelopathic
compounds was also reported in the investigations
conducted by Ilam and Begum [19]. The lower rates
of inhibition of seedling growth (except for A. capillaris) than root growth or seed germination in most
of the acceptors may indicate low stability of the
phytotoxic compounds and transition from the inhibitory to stimulatory effects of the compounds [20].
Therefore, it can be assumed that low-stability compounds (e.g. simple phenolic acids), rather than
hardly degradable substances, are responsible for the
allelopathic effects.
The allelopathic effect of the analysed donors
was determined by the sensitivity of the acceptors.
In the germination phase, A. capillaris and P. pratensis, as well as F. arundinacea exhibited particular
sensitivity to the effects of all the tested donors, in
particular to compounds released from the decomposing aboveground biomass. Lower seedling emergence rates of P. pratensis growing in the proximity
of L. perenne were reported in a previous study by
/LSLĔVND[21]. In turn, the weakest root growth was
observed in A. capillaris, F. rubra, and L. perenne
exposed the aqueous leaf extracts of all the lawn L.
perenne cultivars and in F. ovina exposed to the effect of decomposing leaves. In turn, in terms of the
aboveground shoot growth, A. capillaris seedlings
exhibited the greatest sensitivity to all the tested donors. These results confirm the fact that the varied
response of the acceptor species to the specific allelopathic compounds depends on the stage of their development [22].
The different species and cultivars have a varied ability to synthesise allelopathins and, hence, exert different effects [23]. Among the Lp cultivars assessed, µ1LUD¶KDGWKHJUHDWHVWDOOHORSDWKLFSRWHQWLDO
as it inhibited the initial growth of most acceptors,
including L. perenne. The poorer growth of L.
perenne in the presence of its own exudates is also
mentioned by other authors, who explain it with the
self-allelopathic properties of this species [15, 21].
As suggested by Canals et al. [24], the mutual impact
between plants is stronger if the plants are closely
related to each other, and the decomposing plant remains can be autotoxic long after the death of the
plant. These observations are confirmed by the
VKRUWHUURRWVDQGORZHUVHHGOLQJVRIWKHµ6WDGLRQ¶YD
riety in the presence of its decomposing biomass.
Biochemical analyses showed that the phenolic
acid and flavonoid content in the leaves of lawn
grass cultivars of L. perenne was varied. Bostan and
Moisuc [13] and Buer et al. [25] also report differences in the content of these compounds in grass, depending on the species or variety. The presence of
phenolic acids in many cultivated and wild grass species has also been detected by other authors [26, 27].
Phenolic compounds are one of the main groups of
substances responsible for the allelopathic properties

SUMMARY AND CONCLUSIONS
The investigations showed that both the aqueous extracts and the cut vegetative aboveground
shoots of the lawn grass cultivars (donors) placed on
a sandy substrate exerted a significant effect on the
initial growth of the tested acceptors, i.e. impeding
plant emergence and limiting the length of the roots
and the height of the seedlings. The aqueous extracts
from donor leaves exhibited higher biological activity towards the acceptors than the cut leaves placed
on the sandy substrate. The aqueous extracts induced
greater inhibition of root growth rather than seedling
growth and seed germination. In turn, the allelopathic compounds released from the decomposing
leaves inhibited seedling emergence to a greater extent than shoot elongation, in particular elongation of
the aboveground shoots. The Nira cultivar, followed
by Niga (with the highest content of flavonoids and
phenolic acids in leaves) had the strongest negative
LPSDFWZKLOHWKHHIIHFWRIWKHµ6WDGLRQ¶FXOWLYDUZDV
the weakest. The analysed donors (irrespective of the
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[9] Dorywalski, J., Wojciechowicz, M. and Bartz, J.
(1964) Methods of seed evaluation. Powszechne
Wydawnictwo Rolnicze i Lesne, Warszawa (In
Polish).
[10] Beyschlag, W., Ryel, R.J., Ullmann, I. and Eckstein J. (1996) Experimental studies on the competitive balance between two Central European
roadside grasses with different growth forms. Controlled experiments on the influence of soil depth,
salinity and allelopathy. Acta Botanica 109(6),
449-455.
[11] Mattner, S.W. and Parbery, D.G. (2001) RustEnhanced Allelopathy of Perennial Ryegrass
against White Clover. Agricultural Journals 93,
54-59.
[12] Zuk, A.J. and Fry, J.D. (2006) Inhibition of
'Zenith' zoysiagrass seedling emergence and
growth by perennial ryegrass leaves and roots.
HortScience 41(3), 818- 821.
[13] Bostan, C. and Moisuc, A. (2009) The study of
vegetable extract action of Lolium perenne L. on
some perennial graminaes chemical composition.
Agricultural Science Research Journal 41, 9-14.
[14] McCarty, L.B., McCauley, R.K., Liu, H., Totten, W.F. and Toler, J.E. (2010) Perennial
Ryegrass Allelopathic Potential on Bermudagrass Germination and Seedling Growth.
HortScience 45(12), 1872± 1875.
[15] Kraus, E.V.M. and Lambert, H. (2002) Allelopathic and autotoxic interactions in selected populations of Lolium perenne grown in monoculture and
mixed culture. Functional Plant Biology 29, 14651473.
[16] Lipinska, H. and Harkot, W. (2000) Allelopathic influence of dead leaves of Poa pratensis L.
on an initial growth and development of Dactylis glomerata L., Festuca pratensis Huds. i
Phleum pratense L. Grassland Science in Poland 3, 95-104.
[17] Narwal, S.S. (1994) Interactions between plant
communities. [In:] Allelopathy in Crop Production, Jodhpur, India: Scientific Publisher, 19-161.
[18] Kashif, M.S., Cheema, Z.A., Farooq, M. and
Anwar-ul-Hassan (2015) Allelopathic Interaction of Wheat (Triticum aestivum) and Little
seed Canarygrass (Phalaris minor). International Journal of Agriculture and Biology 17(2),
363-368.
[19] Ilam, A. and Begum, S. (2011) Evaluation of allelochemical effects of Hordeum vulgare extracts. Bangladesh Research Publications Journal 5, 295-305.
[20] Lipinska, H. (2005) Preliminary growth and development of Lolium perenne under conditions of allelopathic stress. Grassland Science in Poland 8,
115-122.
[21] Lipinska, H. (2002) Influence of water extracts
from Lolium perenne soil in chosen grass species.
Grassland Science in Poland 5,137-144.

form) had the highest inhibitory effect on seedling emergence in A. capillaris, P. pratensis, and F. arundinacea, seedling growth in A. capillaris and F. ovina, and
root elongation in F. ovina and L. perenne. The aqueous extracts induced the greatest inhibition in A.
capillaris and F. rubra. A. capillaris was the most
sensitive species. F. rubra proved to be the least sensitive acceptor.
1. Weaker plant emergence, slower root and
aboveground shoot growth of acceptor seedlings in
objects with the aqueous extracts or decomposing
leaves of the L. perenne lawn cultivars in comparison to the control objects (without leaves) may be a
result of the allelopathic effects of the donor.
2. The allelopathic properties of L. perenne are
evidenced by the varied (depending on the variety)
content of flavonoids and phenolic acids in its leaves,
which were also detected in the sand culture supplemented with the cut donor biomass.
3. Cut L. perenne grass should not be left on
the lawn surface, as it exerts an adverse effect on the
growth of the seedlings of other lawn grass cultivars.
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PHWKRGV DOO KDYH WKHLU RZQ DGYDQWDJHV DQG GLVDG
YDQWDJHV>@%XWIRUSHRQ\VHHGFRDWVZKLFKDUH
WKH UDZ PDWHULDO IRU H[WUDFWLQJ OXWHROLQ WKH DERYH
PHWKRGVKDYHDFRPPRQGUDZEDFNWKDWLVDORWRI
GXVWZLOOEHSURGXFHGGXULQJWKHVHHGFRDWFUXVKLQJ
SURFHVVZKLFKZLOOVHULRXVO\DIIHFWWKHKHDOWKRIRS
HUDWRUV 6R WKLV SDSHU DGRSWV D ELRHQ]\PHDVVLVWHG
HWKDQROKRPRJHQL]DWLRQDSSURDFKWRRSWLPL]HWKHOX
WHROLQ H[WUDFWLRQ SURFHVV ZKLFK FDQ RQ WKH RQH
KDQGDFKLHYHIDVWDQGLQWHQVLILHGH[WUDFWLRQRIWDUJHW
DFWLYHVXEVWDQFHIURPVHHGFRDWVE\GLUHFWO\SODFLQJ
WKH PDWHULDO LQ D KRPRJHQL]HU KRPRJHQL]LQJ WKH
PDWHULDOLQWKHKRPRJHQL]HUWRJHWKHUZLWKH[WUDFWLRQ
VROYHQWVKUHGGLQJWKHPDWHULDOE\VKHDULQJDFWLRQRI
IRUFH EHWZHHQ WKH PDFKLQHU\ DQG WKH VROXWLRQ DQG
V\QFKURQL]LQJWKHPDWHULDOFUXVKLQJZLWKWKHH[WUDF
WLRQRIDFWLYHFRQVWLWXHQWV2QWKHRWKHUKDQGELRHQ
]\PHFDQK\GURO\]HRUGHJUDGH WKH FRPSRQHQWVRI
FHOOZDOOVDQGGLVUXSWWKHFHOOZDOOVWUXFWXUHVRWKDW
WKH DFWLYH FRQVWLWXHQWV DUH IXOO\ H[SRVHG DQG GLV
VROYHGVXVSHQGHGLQWKHVROYHQWWKHUHE\DFKLHYLQJ
WKH SXUSRVH RI LPSURYLQJ WKH OXWHROLQ H[WUDFWLRQ
\LHOG>@7KLVPHWKRGKDVQHYHUEHHQUHSRUWHGLQ
WKHUHVHDUFKRQOXWHROLQH[WUDFWLRQHLWKHUDWKRPHRU
DEURDGDVIDUDVWKHDXWKRUVNQRZ7KLVH[SHULPHQW
H[SORUHVWKHRSWLPDOSURFHVVFRQGLWLRQVIRUHQ]\PH
DVVLVWHGHWKDQROH[WUDFWLRQRIOXWHROLQWDNLQJOXWHROLQ
FRQWHQWDVDUHIHUHQFHLQGH[ZLWKWKHDLPWRSURYLGH
DQHZWHFKQLTXHIRUH[WUDFWLRQRIOXWHROLQLQSHRQ\
VHHGFRDWV

ABSTRACT
(Q]\PHDVVLVWHGHWKDQROH[WUDFWLRQRIOXWHROLQ
LQSHRQ\HSLVSHUPZDVRSWLPL]HGLQWKLVLQYHVWLJD
WLRQ 7KH HIIHFWV RI IDFWRUV LQFOXGLQJ HQ]\PRO\VLV
WHPSHUDWXUH HQ]\PH FRQWHQW HQ]\PRO\VLV S+ HQ
]\PRO\VLVWLPHHWKDQROFRQFHQWUDWLRQ VROLGWROLT
XLGUDWLRH[WUDFWLRQWHPSHUDWXUHH[WUDFWLRQWLPHRQ
WKHH[WUDFWLRQUDWHVRIOXWHROLQZHUHH[SORUHGE\VLQ
JOHIDFWRU DQG RUWKRJRQDO WHVW 7KH UHVXOWV VKRZHG
WKDWWKHRSWLPDOH[WUDFWLRQFRQGLWLRQVZHUHDIWHUHQ
]\PLQJ SUHWUHDWPHQW LQ WKH FRQGLWLRQV RI SHFWLQDVH
FRQWHQW  PJāP/ HQ]\PRO\VLV WHPSHUDWXUH
Υ HQ]\PRO\VLV S+  HQ]\PRO\VLV WLPH 
PLQWKHQHWKDQROWRH[WUDFWIRUWLPHVZLWKH[
WUDFWLRQWLPHPLQDQGOLTXLGWRVROLGUDWLROX
WHROLQH[WUDFWLRQZDVXSWRPJāJ&RPSDUHG
ZLWK WKH WUDGLWLRQDO HWKDQRO H[WUDFWLRQ WKH OXWHROLQ
\LHOGZDVLPSURYHGE\WLPHV
.(<:25'6
3HRQ\HSLVSHUP/XWHROLQ&HOOXODVH3HFWLQDVH

INTRODUCTION
,QSHRQ\VHHGRLOZDVOLVWHGDVDQHZUH
VRXUFHIRRGE\WKHIRUPHU0LQLVWU\RI+HDOWK>@
$V WKH ZDVWH JHQHUDWHG GXULQJ SHRQ\ VHHG RLO SUR
GXFWLRQSURFHVVSHRQ\VHHGFRDWVDUHJHQHUDOO\GLV
FDUGHGDVWUDVKZKLFKQRWRQO\DIIHFWVWKHHQYLURQ
PHQWDO VDQLWDWLRQ EXW DOVR FDXVHV VHULRXV ZDVWH RI
QDWXUDOUHVRXUFHVGLUHFWO\LPSDFWLQJWKHKLJKYDOXH
XWLOL]DWLRQ RI SHRQ\ VHHGV ,Q WKH SUHYLRXV VWXGLHV
ZH IRXQG WKDW WKH SHRQ\ VHHG FRDWV FRQWDLQ IODYR
QRLGVDQGKDYHDJRRGIUHHUDGLFDOVFDYHQJLQJDF
WLRQ > @ )XUWKHU UHVHDUFK DQG DQDO\VLV RI IODYR
QRLGVLQSHRQ\VHHGFRDWVIRXQGDQLPSRUWDQWDFWLYH
FRQVWLWXHQW²OXWHROLQ/XWHROLQKDVYHUVDWLOHELRORJ
LFDODFWLYLWLHVVXFKDVEDFWHULRVWDWLFDQWLR[LGDQWK\
SROLSLGHPLFK\SRWHQVLYHDQGDQWLWXPRUSURSHUWLHV
DQG LV FRPPRQO\ XVHG WR UHOLHYH FRXJK UHPRYH
SKOHJP DQG GLPLQLVK LQIODPPDWLRQ LQ FOLQLFDO VHW
WLQJV>@$WSUHVHQWOXWHROLQLVJHQHUDOO\H[WUDFWHG
E\ KHDW UHIOX[ H[WUDFWLRQ PLFURZDYHDVVLVWHG H[
WUDFWLRQ DQG XOWUDVRQLFDVVLVWHG H[WUDFWLRQ WKHVH

EXPERIMENTAL
0DWHULDOV DQG UHDJHQWV $IWHU GHKXOOLQJ WKH
GULHGPDWXUHSHRQ\VHHGVZLWKDGHKXOOHUVHHGFRDWV
ZHUHFROOHFWHGZDVKHGDQGRYHQGULHGDWΥRYHU
QLJKW WKHQFUXVKHGDQGSDVVHGWKURXJKD PHVK
VLHYHIRUODWHUXVH/XWHROLQUHIHUHQFHVXEVWDQFH 1D
WLRQDO,QVWLWXWHIRUWKH&RQWURORI3KDUPDFHXWLFDODQG
%LRORJLFDO3URGXFWV FHOOXODVH5 HQ]\PHDFWLY
LW\ RI  8J$PUHVFR 86$  SHFWLQDVH HQ
]\PHDFWLYLW\RI8PJ$PUHVFR86$ +3/&
JUDGH PHWKDQRO VHOISUHSDUHG XOWUDSXUH ZDWHU DQG
RWKHUUHDJHQWVZHUHDOORIDQDO\WLFDOJUDGH
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UDWLRRI JāP/ DQGKRPRJHQL]HGRQFHWRH[
WUDFWOXWHROLQLQSHRQ\VHHGFRDWVIRUDQG
PLQUHVSHFWLYHO\'LIIHUHQFHVLQ\LHOGZHUHFRP
SDUHGDQGWKHLQIOXHQFHRIKRPRJHQL]DWLRQWLPHRQ
H[WUDFWLRQUDWHZDVGLVFXVVHG

0DLQLQVWUXPHQWV+3/&V\VWHPZLWKDX
WRVDPSOHUELQDU\SXPSDQG899LVGH
WHFWRU :$7(56 86$  0LOOL4 GHLRQL]HG ZDWHU
V\VWHP 0LOOLSRUH86$ FKURPDWRJUDSKLFFROXPQ
PPîPPXP'LNPD86$ .XOWUD
FHQWULIXJH 6LJPD86$ 

  6FUHHQLQJ RI H[WUDFWLRQ WLPHV  J RI
SHRQ\ VHHG FRDWV ZHUH DFFXUDWHO\ ZHLJKHG DQG
DGGHGZLWKHWKDQROVROXWLRQDFFRUGLQJWRDVROLGOLT
XLGUDWLRRI JāP/ $IWHUPL[LQJZHOOOXWHROLQ
LQSHRQ\VHHGFRDWV ZDVH[WUDFWHGE\KRPRJHQL]D
WLRQIRUPLQXVLQJHWKDQROVROXWLRQZLWKDYROXPH
IUDFWLRQ RI  RQFH WZLFH WKUHH WLPH WLPHV DQG
IRXU WLPHV UHVSHFWLYHO\ 'LIIHUHQFHV LQ \LHOG ZHUH
FRPSDUHGDQGWKHLQIOXHQFHRIH[WUDFWLRQWLPHVRQ
OXWHROLQH[WUDFWLRQUDWHZDVGLVFXVVHG

([SHULPHQWDO0HWKRGV  +3/&GHWHUPLQD
WLRQ FRQGLWLRQV   +3/& FKURPDWRJUDSKLF FRQGL
WLRQV   &ROXPQ 'LDPRQVLO & PP î
PPXP  IORZUDWHPJāP/LQMHFWLRQYRO
XPHȝ/0RELOHSKDVHUDWLRRIPHWKDQROWR
DTXHRXVSKRVSKRULFDFLGRIGHWHFWLRQZDYH
OHQJWKQP
&UHDWLRQRIVWDQGDUGFXUYHV  3UHSDUDWLRQ
RIVWDQGDUGVROXWLRQVPJRIOXWHROLQUHIHUHQFH
VXEVWDQFH ZDV DFFXUDWHO\ ZHLJKHG GLOXWHG ZLWK
PHWKDQRO WR  P/ WR JLYH D  PJāP/ VWDQGDUG
VWRFNVROXWLRQZKLFKZDVWKHQVHULDOO\GLOXWHGWR
PJāP/  PJāP/  PJāP/ 
PJāP/ DQG  PJāP/ VWDQGDUG VROXWLRQV
(DFKVDPSOHZDVWHVWHGUHSHDWHGO\WKUHHWLPHVDQG
SHDN DUHDV ZHUH DYHUDJHG IROORZHG E\ SORWWLQJ RI
VWDQGDUG FXUYHV ZLWK WKH VWDQGDUG VROXWLRQ FRQFHQ
WUDWLRQDVDEVFLVVDDQGWKHSHDNDUHDDVRUGLQDWH7KH
UHJUHVVLRQ HTXDWLRQ RI OXWHROLQ UHIHUHQFH VXEVWDQFH
ZDV REWDLQHG DV \   [  
5   ZKLFK LQGLFDWHG WKDW OXWHROLQ ZDV LQ D
JRRGOLQHDUUHODWLRQVKLSZLWKWKHSHDNDUHDZLWKLQD
FRQFHQWUDWLRQUDQJHRIaPJāP/

6LQJOH IDFWRU H[SHULPHQWV RI HQ]\PDWLF
WUHDWPHQW   6FUHHQLQJ RI W\SH DQG FRQFHQWUD
WLRQRIFHOOXORVHDQGSHFWLQDVH(LJKWDOLTXRWVRI
JRISHRQ\VHHGFRDWVZHUHDFFXUDWHO\ZHLJKHGDQG
HQ]\PDWLFDOO\ LQFXEDWHG XQGHU WKH FRQGLWLRQV RI
Υ WHPSHUDWXUH  S+ DQG  PLQ GXUDWLRQ
(DFKDOLTXRWRISHRQ\VHHGFRDWVZDVDGGHGZLWK
P/RI+$F1D$FHQ]\PHEXIIHUZLWKHQ]\PHFRQ
FHQWUDWLRQRIPJāP/PJāP/FHOOXODVH
PJāP/ FHOOXODVH  PJāP/ FHOOXODVH 
PJāP/ FHOOXODVH  PJāP/ SHFWLQDVH 
PJāP/SHFWLQDVHDQGPJāP/SHFWLQDVH$IWHU
UHPRYLQJ WKH UHVXOWLQJ SURGXFW ZDV LQDFWLYDWHG DW
ΥIRUPLQWKHQDGGZLWKP/RIHWKDQROVROX
WLRQDQGKRPRJHQL]HGDFFRUGLQJWRWKHRSWLPDOKR
PRJHQL]DWLRQFRQGLWLRQVIROORZHGE\GHWHUPLQDWLRQ
RIOXWHROLQLQSHRQ\VHHGFRDWV

6LQJOHIDFWRUH[SHULPHQWVRIHWKDQROH[WUDF
WLRQ SURFHVV   6FUHHQLQJRI HWKDQRO H[WUDFWLRQ
VROYHQWFRQFHQWUDWLRQJRISHRQ\VHHGFRDWV
ZHUHDFFXUDWHO\ZHLJKHGDQGDGGHGZLWKHWKDQROVR
OXWLRQDFFRUGLQJWRDVROLGOLTXLGUDWLRRI JāP/

$IWHUPL[LQJZHOOOXWHROLQZDVH[WUDFWHGIURPWKH
SHRQ\VHHGFRDWVXVLQJHWKDQROVROXWLRQVKDYLQJYRO
XPH IUDFWLRQV RI      DQG
UHVSHFWLYHO\XQGHUWKHFRQGLWLRQRIPLQKR
PRJHQL]DWLRQ SHU H[WUDFWLRQ 'LIIHUHQFHV LQ \LHOG
ZHUHFRPSDUHGDQGWKHLQIOXHQFHRIHWKDQROFRQFHQ
WUDWLRQRQH[WUDFWLRQUDWHZDVGLVFXVVHG

  6FUHHQLQJ RI LQFXEDWLRQ WLPH )LYH DOL
TXRWV RI  J RI SHRQ\ VHHG FRDWV ZHUH DFFXUDWHO\
ZHLJKHG DGGHG ZLWK  P/ RI +$F1D$F HQ]\PH
EXIIHUFRQWDLQLQJPJāP/SHFWLQDVHDQGHQ]\
PDWLFDOO\LQFXEDWHGXQGHUWKHFRQGLWLRQVRIΥDQG
S+IRUHQ]\PDWLFLQFXEDWLRQWLPHRIPLQ
PLQ  PLQ  PLQ DQG  PLQ UHVSHFWLYHO\
$IWHUUHPRYLQJDQGLQDFWLYDWLQJDWΥIRUPLQ
WKHUHVXOWLQJSURGXFWZDVDGGHGZLWKP/RIHWKDQRO
VROXWLRQDQGKRPRJHQL]HGDFFRUGLQJWRWKHRSWLPDO
KRPRJHQL]DWLRQFRQGLWLRQVIROORZHGE\GHWHUPLQD
WLRQRIOXWHROLQ\LHOG

 6FUHHQLQJRIVROLGOLTXLGUDWLRJRI
SHRQ\ VHHG FRDWV ZHUH DFFXUDWHO\ ZHLJKHG DQG
DGGHG ZLWK HWKDQRO VROXWLRQ KDYLQJ D YROXPH IUDF
WLRQ RI  $IWHU PL[LQJ ZHOO OXWHROLQ ZDV H[
WUDFWHGIURPWKHSHRQ\VHHGFRDWVDFFRUGLQJWRVROLG
OLTXLG UDWLR RI      DQG 
JāP/ XQGHUWKHFRQGLWLRQRIPLQKRPRJHQL]D
WLRQSHUH[WUDFWLRQ'LIIHUHQFHVLQ \LHOG ZHUH FRP
SDUHGDQGWKHLQIOXHQFHRIUDWLRRISHRQ\VHHGFRDW
VDPSOH WR HWKDQRO FRQFHQWUDWLRQ RQ H[WUDFWLRQ UDWH
ZDVGLVFXVVHG

  6FUHHQLQJ RI LQFXEDWLRQ WHPSHUDWXUH
)RXUDOLTXRWVRIJRISHRQ\VHHGFRDWVZHUHDFFX
UDWHO\ZHLJKHGDGGHGZLWKP/RI+$F1D$FHQ
]\PHEXIIHUFRQWDLQLQJPJāP/SHFWLQDVHDQG
HQ]\PDWLFDOO\LQFXEDWHGXQGHUWKHFRQGLWLRQVRI
S+DQGPLQGXUDWLRQDWLQFXEDWLRQWHPSHUDWXUHV
RIΥΥΥDQGΥUHVSHFWLYHO\$IWHUUH
PRYLQJDQGLQDFWLYDWLQJDWΥIRUPLQWKHUH
VXOWLQJSURGXFWZDVDGGHGZLWKP/RIHWKDQROVR
OXWLRQDQGKRPRJHQL]HGDFFRUGLQJWRWKHRSWLPDOKR
PRJHQL]DWLRQFRQGLWLRQVIROORZHGE\GHWHUPLQDWLRQ
RIOXWHROLQ\LHOG

 6FUHHQLQJRIKRPRJHQL]DWLRQWLPHJ
RISHRQ\VHHGFRDWVZHUHDFFXUDWHO\ZHLJKHGDGGHG
ZLWKHWKDQROVROXWLRQDFFRUGLQJWRDVROLGOLTXLG
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DQG VHHNLQJ RSWLPDO GHVLJQ HWKDQRO FRQFHQWUDWLRQ
VROLGOLTXLGUDWLRKRPRJHQL]DWLRQWLPH DQGH[WUDF
WLRQ WLPHV ZHUH VHOHFWHG DV IDFWRUV HDFK RI ZKLFK
KDGWKUHHOHYHOVWKHRUWKRJRQDOH[SHULPHQWDOGHVLJQ
DQGUHVXOWVDUHVKRZQLQ7DEOH5DQJHDQDO\VLVUH
VXOWV VKRZHG WKDW HWKDQRO FRQFHQWUDWLRQ KDG WKH
JUHDWHVW LQIOXHQFH RQ H[WUDFWLRQ UDWH RI OXWHROLQ
ZKLOH KRPRJHQL]DWLRQ WLPH KDG WKH PLQLPDO LQIOX
HQFHWKHRUGHURILQIOXHQFHRIIDFWRUVZDVHWKDQRO
FRQFHQWUDWLRQ ! VROLGOLTXLG UDWLR ! H[WUDFWLRQ
WLPHV ! KRPRJHQL]DWLRQ WLPH %HVW FRPELQDWLRQ
FRXOGEHREWDLQHGE\NYDOXHDV$%&' LHHWK
DQROFRQFHQWUDWLRQRIVROLGOLTXLGUDWLRRI
KRPRJHQL]DWLRQWLPHRIPLQDQGH[WUDFWLRQWLPHV
RI WZLFH 8QGHU RSWLPDO HWKDQRO H[WUDFWLRQ FRQGL
WLRQVWKHKLJKHVWH[WUDFWLRQUDWHRIOXWHROLQFRXOGEH
REWDLQHG E\ YHULILFDWLRQ H[SHULPHQW WR EH 
PJāJ

 6FUHHQLQJRILQFXEDWLRQS+IRXUDOLTXRWV
RIJRISHRQ\VHHGFRDWVZHUHDFFXUDWHO\ZHLJKHG
DGGHGZLWKP/RI+$F1D$FHQ]\PHEXIIHUFRQ
WDLQLQJ  PJāP/ SHFWLQDVH DQG HQ]\PDWLFDOO\
LQFXEDWHGXQGHUWKHFRQGLWLRQVRIΥWHPSHUDWXUH
DQGPLQGXUDWLRQDWS+RIDQGUH
VSHFWLYHO\$IWHUUHPRYLQJDQGLQDFWLYDWLQJDWΥ
IRUPLQWKHUHVXOWLQJSURGXFWZDVDGGHGZLWKP/
RI HWKDQRO VROXWLRQ DQG KRPRJHQL]HG DFFRUGLQJ WR
WKHRSWLPDOKRPRJHQL]DWLRQFRQGLWLRQVIROORZHGE\
GHWHUPLQDWLRQRIOXWHROLQ\LHOG
3UHSDUDWLRQ RI VDPSOH GHWHUPLQDWLRQ VROX
WLRQ7KHSHRQ\VHHGFRDWOXWHROLQH[WUDFWREWDLQHG
DFFRUGLQJ WR WKH DERYH SURFHVV FRQGLWLRQV ZDV
SODFHGLQWRDP/FHQWULIXJHWXEHDQGFHQWULIXJHG
DWUSPWKHQOXWHROLQFRQWHQWZDVGHWHUPLQHG
E\ +3/& DFFRUGLQJ WR WKH DERYH FKURPDWRJUDSKLF
FRQGLWLRQV

5HVXOWVDQGDQDO\VLVRIVLQJOHIDFWRUH[SHUL
PHQWVRIHQ]\PHDVVLVWHGHWKDQROH[WUDFWLRQSUR
FHVV $V FDQ EH VHHQ IURP )LJXUHV  DIWHU HQ]\
PDWLFWUHDWPHQWZLWKFHOOXODVHDQGSHFWLQDVHOXWHROLQ
FRQWHQW LQ SHRQ\ VHHG FRDWV H[KLELWHG D VLJQLILFDQW
LQFUHDVLQJWUHQG7KHLQFUHDVHVORZHGGRZQIRUFHO
OXODVHDIWHUPJāP/OXWHROLQH[WUDFWLRQUDWHLQ
FUHDVHGPDUNHGO\DIWHULQFXEDWLRQZLWKPJāP/

DQGPJāP/SHFWLQDVH:LWKWKHLQFUHDVHLQHQ
]\PDWLFLQFXEDWLRQWLPHOXWHROLQH[WUDFWLRQUDWHH[
KLELWHGDQLQFUHDVLQJWUHQGZKLOHZLWKWKHULVHRILQ
FXEDWLRQWHPSHUDWXUHDQGS+OXWHROLQH[WUDFWLRQUDWH
VKRZHGDQLQIOHFWLRQSRLQWZKLFKILUVWLQFUHDVHGDQG
WKHQGHFUHDVHG%DVHGRQWKHDERYHH[SHULPHQWDOUH
VXOWV VLJQLILFDQW OHYHOV LH  PJāP/ FHOOXODVH
DQGPJāP/SHFWLQDVHLQFXEDWLRQWLPHRI
DQGPLQLQFXEDWLRQWHPSHUDWXUHRI
DQGΥDVZHOODVLQFXEDWLRQS+RIDQG
ZHUHVHOHFWHGIRUIXUWKHUH[SHULPHQWV

RESULTS AND DISCUSSION
5HVXOWVDQGDQDO\VLVRIVLQJOHIDFWRUH[SHUL
PHQWVRIHWKDQROH[WUDFWLRQ$VVKRZQE\)LJXUHV
ZLWKWKHLQFUHDVHLQHWKDQROFRQFHQWUDWLRQOXWH
ROLQH[WUDFWLRQUDWHDOVRLQFUHDVHGZKLFKUHDFKHGD
PD[LPXPDWDQHWKDQROFRQFHQWUDWLRQRIWKHUH
DIWHUH[WUDFWLRQUDWHGHFUHDVHGZLWKLQFUHDVLQJFRQ
FHQWUDWLRQ 2Q WKH RWKHU KDQG ZLWK WKH LQFUHDVH RI
VROLGOLTXLGUDWLRKRPRJHQL]DWLRQWLPHDQGH[WUDF
WLRQWLPHVOXWHROLQH[WUDFWLRQUDWHILUVWLQFUHDVHGDQG
WKHQIODWWHQHGRXW
5HVXOWVDQGDQDO\VLVRIRUWKRJRQDOGHVLJQH[
SHULPHQWV RI HWKDQRO H[WUDFWLRQ 2Q WKH EDVLV RI
VLQJOH IDFWRU H[SHULPHQWV LQ DFFRUGDQFH ZLWK WKH
SULQFLSOHRIPLQLPL]LQJWKHQXPEHURIH[SHULPHQWV

FIGURE 1
Effect of ethanol concentration on the yield of luteolin
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FIGURE 2
Effect of ratios liquid to solid on the yield of luteolin

FIGURE 3
Effect of homogenizing time on the yield of luteolin

FIGURE 4
Effect of extraction times on the yield of luteolin
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FIGURE 5
Effect of enzyme concentration on the yield of luteolin

FIGURE 6
Effect of enzyme reaction time on the yield of luteolin
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FIGURE 7
Effect of enzyme reaction temperature on the yield of luteolin

FIGURE 8
Effect of enzyme reaction pH value on the yield of luteolin
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WKHXVHRISHFWLQDVHFDQIXOO\GLVVROYHDFWLYHFRQVWLW
XHQWVLQSHRQ\VHHGFRDWVWKHUHE\LPSURYLQJWKHH[
WUDFWLRQHIILFLHQF\DQGXOWLPDWHO\FRQWULEXWLQJWRWKH
REWDLQPHQWRIRSWLPDOOXWHROLQH[WUDFWLRQSURFHVV

2SWLPL]DWLRQRISURFHVVIRUHQ]\PHDVVLVWHG
HWKDQROH[WUDFWLRQRIOXWHROLQOn the basis of the
preliminary optimal ethanol homogenization process
parameters and the single factor experiments of enzyme-assisted extraction, orthogonal optimization
experiment was conducted on the HQ]\PHDVVLVWHG
HWKDQRO H[WUDFWLRQ SURFHVV RI OXWHROLQ the experimental design and results are shown in Table 2. The
order of factors influencing luteolin yield was: enzyme concentration> incubation temperature> incubation time> incubation pH. Best conditional combination was obtained by the range analysis in Table 2
as: $%&' LH pectinase concentration of 0.05
PJāP/, enzymatic incubation time of 180 min, incubation temperature of 45Υ and incubation pH of
4.5.
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THERMAL SHOCK RESISTANCE OF ALUMINA CERAMIC
MATERIAL AND ITS EXPERIMENT
Liang Li*
College of Material Engineering, Panzhihua University, Panzhihua, 617000, China

focus on reporting the Na ion transmission of oxidized compounds. In 1970s, research of alumina ceramics mainly focused on fast ion conduction properties [5-6]. Later, Boilot et al. [7] find out that Thermal Expansion Coefficient (TEC) of the series of
materials can vary from negative to positive during
researching alumina ceramic ion conduction, which
has aroused wide concern on thermal properties of
such compounds and a variety of oxidized family
compounds can be obtained by preparing successively [8-11].
The alumina ceramic belongs to a unit composition of the oxidized family and inherent thermal expansion axial anisotropy is an important reason for
its low thermal expansion coefficient. Because of the
alumina ceramic has thermal stability under high
temperature and favorable thermal shock resistance,
as a new material, it has a wide application prospect
in isolation of radioactive waste, thermal shock sealing coating, automobile engine components and catalyst carrier, etc. The preparation method of alumina
ceramic powder mainly includes solid phase method,
sol-gel method, hydrothermal method and coprecipitation method, in which preparation process of solid
phase method is the same with traditional ceramics
and process is simple and cost is low. As the alumina
ceramic is difficult to be sintered and particle size of
alumina ceramic powders prepared by solid phase
method is relatively coarse, which generally is on the
second phase [12], therefore, addition of sintering
additive is effective route to promote alumina sintering.
The Paper reinforces and toughens aluminum
ceramics to improve its thermal shock resistance by
adopting various reinforcing and toughening methods, which include reinforcing and toughening for
whisker, toughening for soft phase and phase transformation toughening. At the same time, influence
of SiC content on oxidation resistance property of
alumina ceramic materials is researched, which has
disclosed its influence principle on alumina ceramic
materials property.

ABSTRACT
To realize analysis on thermal shock resistance
property of alumina ceramic material, multiple
strengthening and toughening methods are researched to improve thermal shock resistance property of alumina ceramic material, which includes reinforcing and toughening of silicon carbide, toughing of graphite, Zirconia phase transformation
toughening. At the same time, influence of additives
on feature of sintering of the alumina ceramic material and coefficient of thermal expansion and thermal
shock resistance of alumina ceramic material are researched. It is shown in research result that: optimal
sintering temperature of alumina ceramic material is
1500-1700Υ and apparent porosity of ceramic material with additive quality 2% MgO or ZnO is lowest, which is respectively 0.38% or 0.23%. Alumina
ceramic material with high SiC content has the following excellent oxidation resistance under 1800Υ.

KEYWORDS:
Alumina, Ceramic material, Heat resistance compact,
Performance test

INTRODUCTION
In recent years, with fast development and
leap-type improvement of aerospace technology, hypersonic aircraft, aerospace aircraft, reusable transaerosphere aircraft has become a hot spot that countries compete to research and comprehensive requirements for material of key hot-end part of service characteristics of hypersonic aircraft and reusable trans-aerosphere aircraft are very high [1, 2].
Alumina ceramics is a kind of new low expansion ceramic material with the same structure and it
is researched widely for low expansion characteristics and thermal stability under high temperature. In
1967, the first synthesis of the basic zirconium phosphate compound marked the beginning of the research on such alumina ceramics. Since then, Hagman et al. [3] have comprehensively researched crystallization behavior of NaZr2 P3O12 single crystal and
have confirmed its crystal structure (hexagonal,
space group) and homomorphism. Byrappa et al. [4]
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method (SENB) and sample size is 2 mm × 4 mm ×
22 mm; notch depth is 2 mm; width is 0.2 mm; sample span is 16mm and pressure head rate is 0.05
mm/min.
The thermal shock resistance of alumina ceramic materials is mainly determined by residual
strength method and sample is heated to the specified
temperature and then is put quickly into the water
bath environment and residual strength of sample after water quenching and drying under 80Υ is measured at room temperature. To ensure experiment reliability, at least 5 samples are taken for each temperature difference. The oxidation resistance of alumina ceramic materials was carried out in ultra-high
temperature oxidation furnace and high frequency
plasma wind tunnel and the sample size is respectively: 3.5 mm × 10 mm × 20 mm, 20 mm × 30 mm.
The experimental parameters of high frequency
plasma wind tunnel are: heat flux density = 4.78 MW
/ m2, enthalpy = 27.9 MJ / kg and pressure = 18 kPa.

MATERIALS AND METHODS
The raw materials used to prepare samples of
alumina ceramic materials are commercially available powders, which include ZrB2 , SiCp , SiC w ,
G(Graphite), AlN and ZrO 2 with purity more than
98%. Ultra-high temperature alumina ceramic powder is prepared in accordance with certain volume ratio: ZrB2 -20% SiCp (ZS), ZrB2 -10% SiCp 10%ZrO2(ZSZ), ZrB2 -20% SiC w (ZSW), ZrB2 -20%
and ZrB2 -20% SiCp 10%G(ZSG) and homogenization treatment is executed by adopting wet mixing mill method and drying is implemented by rotary evaporator and obtained xeraphium is placed in graphite mould coated
with BN and hot-pressed sintering is operated by
adopting ZRY80 multi-function vacuum hot-pressing furnace and sintering pressure is 30~40 MPa.
Flexural strength of indoor temperature of ultra-high temperature alumina ceramic materials is
measured in three-point bending method on Instron1186 electronic all-purpose experiment machine and
sample size is 4 mm×3 mm×36 mm and span is 30
mm and pressure head rate is 0.5 mm/min. To eliminate stress concentration in corner angle, four chamfers in length direction shall be chamfered and size
is (0.1~0.3) mm×45° and test result is average value
of 4~6 samples. The fracture toughness of room temperature was determined by unilateral incision beam
SiCp -10%AlN(ZSA)

RESULTS AND DISCUSSION
Estimation result and analysis of model. The
influence of all phase and openings and holes of silicon carbide depletion layers on the fracture strength
of materials at different oxidation temperatures and
times is researched under different temperature and
time by utilizing heat-damage fracture strength

TABLE 1
Material parameter
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FIGURE 1
Curves of relations between fracture strength of SiC depletion layer, all-phase volume fractions and the
oxidation timeT=1700oC

FIGURE 2
Curves of relations between fracture strength of
SiC depletion layer, all-phase volume fractions and
the oxidation timeT=1800oC

FIGURE 3
Curves of relations between fracture strength of
SiC depletion layer, all-phase volume fractions and
the oxidation timeT=1900oC

the oxidation of the material is. Fig.1 shows that
there is a turning point of SiC oxidation rate with the
increase of oxidation time. When the oxidation time
is lower than the corresponding time of the turning
point, SiC reacts intensely, while when the oxidation
time exceeds corresponding time of the turning
point, oxidation rate decreases. The above turning
point can be obtained by observing and calculating
the slope of relationship curve of the SiC volume
fraction and the oxidation time, which can be seen
obviously from Fig.2 and Fig.3. It may be caused by
decrease of SiC volume content with proceeding of
oxidation. At the same time, it can be known by comparing three figures: with increase of the oxidation
temperature, oxidation time corresponding to the
turning point decreases.
It is indicated from Fig. 1 to Fig. 3 that change
trend of porosity of SiC depletion layer with oxidation time is opposite to that of volume content of unoxidized SiC with oxidation time basically, which
shows that pore of silicon carbide depletion layer is
mainly resulted from the severe oxidation of SiC.

model system. The relevant material parameters
listed in Table 1 are calculated from the test.
Seen from Fig.1 and Fig.2, under certain oxidizing temperature, with increase of oxidation time,
volume fraction of silicon carbide decreases gradually in silicon carbide depletion layer, which basically follows parabola principle; simultaneously,
volume fraction linear of ZrB2 decreases and porosity increases gradually with the increase of oxidation
time in parabolic principle. Seen from Fig.1, when
oxidation temperature is 1700 ° C and oxidation time
increases to around 7000s, SiC is basically completely oxidized and at this point, the silicon oxide
depletion layer appears in the oxide layer of the material. Seen from Fig.2 and Fig.3, when oxidation
temperature was 1800 ° C, time for complete oxidation of SiC is about 4000 s, while when the oxidation
temperature is 1900 ° C, the corresponding oxidation
time is 2250 s. It is obvious that the higher the oxidation temperature is, the faster the oxidation rate is
and the shorter the oxidation time required for formation of the silicon carbide depletion layer during
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However, after SiC phase of SiC depletion layer is
oxidized basically, porosity is higher than that of initial volume content of SiC. Magnitude of porosity
of SiC depletion layer is also related to B2O3 gasification, ZrB2 migration and volume expansion caused
by oxidation of Zr element and Si element. It can be
seen that the effects of B2O3 gasification and ZrB2 migration on increase of porosity are higher than that
of volume expansion caused by oxidation of Zr element and Si element on decrease of porosity.

proved. In addition, ZrO 2 has effective inhibiting effect on growth of basal body ZrB2 grain in the sintering process to reduce the size of basal body ZrB2
grain of material. During the thermal shock, small
particle size of material is conducive to release thermal stress generated by thermal shock and reduce
thermal shock damage to material.
Fig. 5 gives strength retention after thermal
shock of different alumina ceramic materials under
the conditions of critical thermal shock temperature
difference and average strength retentions of ZS,
ZSW, ZSZ and ZSA material are all under 15% after
thermal shock damage and macro fracture occurs directly in part of samples after thermal shock damage.
Therefore, in practical application, for these kinds of
alumina ceramic materials, once exceeding critical
thermal shock temperature difference of material,
material will be catastrophically damaged. In these
kinds of materials, alumina ceramic materials with
graphite has relatively high strength retention after
thermal shock damage, which reaches 40% and material strength dispersion after thermal shock is relatively small and there is no macro damage of sample
in and after thermal shock, which is very favorable
to engineering application.

Shock temperature resistance experiment.
Critical temperature difference of thermal shock resistance of alumina ceramic material is shown in Fig.
4 and SiC whisker, ZrO 2 can improve the critical
temperature difference of thermal shock resistance
of alumina ceramic material. Temperatures are risen
to 557Υ and 500Υ respectively from 385Υ by using ZrB2 -SiC materials while graphite has no large
effect on critical temperature difference of thermal
shock resistance of alumina ceramic material. Calculation of shock resistance parameter shows that
added SiC whisker not only postpones delay the formation of crack inside material but also increases resistance to crack propagation. Thus, thermal shock
fracture resistance and thermal shock damage resistance of materials are improved.
Crack initiation and crack propagation resistances of materials are improved with introduction of ZrO2 . After determination for four phases and
monoclinic phase of thermal shock of alumina ceramic material containing ZrO 2 , ZrO 2 has phase
change in process of thermal shock so that pressure
stress are borne on the surface of material. Thus,
thermal shock damage to material is relieved effectively and thermal shock resistance of material is im-

FIGURE 4
Critical sock resistance temperatures of alumina
ceramic materials
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Analysis on influence of sintering temperature. Fig. 6 is SEM photo of alumina ceramic sample
section at different sintering temperatures and it is
shown that: with increase of sintering temperature,
grain size of the alumina ceramic grains increases
and stomata increases and stomata enlarges. Because
too high temperature will lead to excessive generation of grain and may even lead to secondary recrystallization and grain boundary grows over bubbles
and bubbles cannot be eliminated and stomata gradually increases and grows up, which has reduced
density of sample.

FIGURE 5
Strength retention of alumina ceramic material after
thermal shock
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(a) 1100Υ
Υ
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(b) 1150Υ
Υ

(c) 1200Υ
Υ

(d) 1250Υ
Υ
FIGURE 6
SEM photo of alumina ceramic section at different sintering temperatures

CONCLUSIONS
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and semi dry countries like Iran. In addition to adverse effects of precipitated sediments on expected
prospects of dams like flood control, energy generation, water supply, and sailing, it affects entire the
river systems from miscellaneous aspects which
some of them is mentioned as follows. For example,
the submergence of farms and inhabitation areas due
to raising water level at upstream especial in delta
region of the dam, destruction of river coast at downstream and the problems due to entering the sediments to equipment such as turbines and water
power generation, clotting the intakes [2].Thus, a
Sustainable Management of reservoirs is needed to
recover the lost useful storage, through accumulation
of sediments, by sediment removal methods like siphoning and flushing. The reservoir is recovered
with a new capacity as the sediment is removed [3].

ABSTRACT
Nowadays, a plenty of dam reservoirs are encountered to several problems regarding high volume of sediments in their reservoirs. Pressure flushing is a type of hydraulic flushing technique. As the
bottom outlet is opened in pressure flushing method,
a flushing cone is formed at the front. The dimension
of this cone is affected from several parameters such
as outlet discharge flow, water depth of reservoir,
and kind of sediments accumulated in the reservoir.
Since the flow pattern near the outlet discharge is
three dimensional in the pressure flushing method,
its behaviour is too complicated to consider. In this
research, scientists use one physical model with specific dimensions for study about the effect of cohesive and non-cohesive sediment on the form of flushing cone. The result of this research show that the
plan was Retrogressive Erosion in non-cohesive sediment and while experiments done with at least high
water depth(40 cm) and maximum discharge(8
lit/s),the flushing cone be balance after 9-11 minutes.
Also about cohesive sediments the result of this research show that the plan was Retrogressive Erosion
and the slope of flushing cone in the longitudinal direction was slightly higher than Side slope. In average longitudinal slope 5.2%was greater than the
transverse slope. Generally the slope of flushing
cone of cohesive sediment much bigger than non-cohesive sediments.

MATERIALS AND METHODS
Hydraulic Flushing Technique. The flushing
is described as a method in which the bottom outlet
is opened to exit the deposited sediments before sedimentation at the reservoir. Flushing is not a new
technique and has been applied for many years. According to Brown et al. report, the oldest flushing
method has been applied at Spain by D Rohan at 16th
century.
Flushing classification. Fan[4]has classified
the flushing as follows:
i) Free flushing: this method includes lowering the water depth through low discharging so as to
create the river flow.
ii) Pressure flushing: in this method, the low
discharging of reservoir is open for a while and the
water level is almost kept constant. As the water is
discharged through low discharging ends, the water
flow results in erosion of sediments and thus they are
discharged from the reservoir. A cone-like or funnel
like hole is created after the flushing in front of low
discharge as shown at figure 1. This method is used
when the removal of sediments around the intake is
needed [5]. The time needed to form a complete a

KEYWORDS:
Dam reservoirs, pressure flushing, cohesive and non-cohesive, flushing cone

INTRODUCTION
The sedimentation of reservoirs is the main
challenge of many dams. Based on the report of international committee of great dams, about 0.5% to
1 % of total storage of dams is annually lost because
of sedimentation [1]. Thus, neglecting this issue may
results in serious threat for future generations for dry
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flushing hole and reaching its geometry are dependent upon the reservoir level and accumulated sediments of upper outlet and may range a couple of
hours to some days. For example, the tests on
Gebidam reservoir model in Switzerland showed the
flushing hole is reached equilibrium after 2 to 3
hours [6]. An example of pressure flushing is Dez
reservoir dam.

Fresenius Environmental Bulletin

sediments is entered a rectangular cube with 1.2, 1,
and 0.8 m for length, width, and depth, respectively,
placed at the downstream. A 25 degree gate was used
for overflow and measures the outlet flow. The outlet
water is returned to the main reservoir through a 4
inch pipe. Figure 2 shows the model plan, longitudinal profile, and cross section with details.
Experiments with non-cohesive sediments.
Non-cohesive sediments were used at large, medium
and small grain size. Since, the sediments should
have a homogeneous grading, 10, 30 and 60 sieves
were used having 0.25, 0.6, 2 mm grading. For each
grading, the experiment was considered with 40, 80
and 110 cm depth of water and five flows for every
depth including 1, 3, 4, 5, 6 and 8 l s -1. Totally, 15
experiments for each grading and entirely 45 experiments were don for three sediment grading.

Description of physical model. Since the pressure flushing obeys a three dimensional flow pattern
near the bottom outlets and also regarding several
parameters affecting this process, its mathematical
behaviour is complicated [7]. Thus, this work proposed a physical model to characterize the flushing
process. The model was designed as a cubic with 5,
1.2, and 1.2 m for length, width, and depth, respectively, as shown at figure 3. The model is formed of
three main parts including (i) inlet part,(ii) reservoir,
(iii) the measurement part of outlet flow from the
model (sedimentation part). The inlet part dimension
is 1, 1.2, and 1.2 m for length, depth, and width, respectively. In this part, the turbulence of inlet flow
and the flow is slightly entered the reservoir with dimensions of 6, 1.2, and 1.2 m for length, depth, and
width, respectively, using a gate to return the overflow through a 3 inch pipe to main reservoir. For
flushing, an outlet with a circle cross section (2 inch
valve) is placed at 10 cm higher than bottom. The

Theory and dimensional analysis. As for nonadhesive mode, one type of aggregation will be used
for analysis. The volume of flushing cone (Vf) depends on several parameters, most notably, which
can be formulated in mathematical terms: Vf=f(Qf
,Hw-Hs, D50$JȖwȖs)
The final function obtained by the Buckingham
theory is as follows:
f(Hw/Hs ,Ds , N)=0

FIGURE 1
Schematic figure of flushing hole at pressure flushing

FIGURE 2
Model plan, longitudinal profile, and cross section with details
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direction and in front of outlet indicates that
the steep of flushing hole at longitudinal direction is
2-5% greater compared to its width direction. As the
outlet flow is increased, the difference steep of flushing cone at longitudinal and width is more noticeable.
x As expected, the outlet flow (Qf) increase
has a positive effect to increase the volume and
length of flushing cone in such a way that increasing
the outlet flow results in increasing the flow rate at
bottom inlet resulting in increasing the shear stress
which lead to enhancement of flushing efficiency.
Based on results, decreasing the outlet flow from
bottom outlet results in average decrease of the volume of flushing cone by 79.3% and 33.2, 37.4, and
38.3% for large, medium, and small grain size, respectively. Also, the length of flushing cone is decreased by 12.7, 13.4, and 15.8% for large, medium,
and small grain size, respectively. Thus, the highest
efficiency necessitates the application of outlet with
highest capacity.
x Considering the reservoir water depth (Hw)
shows that the reduction of water depth results in increasing the volume(Vf) and longitudinal expansion
(Lf) of flushing cone in such a way that the average
reduction of reservoir depth by 47.8% results in increasing the flushing cone volume by 16.9, 12.3, and
5.7% for large, medium, and small grain size, respectively. Also, reducing the reservoir depth by 47.8%
results in increasing the flushing cone length by 7.3,
3.7, and 3% for large, medium, and small grain size,
respectively.
x The results obtained for three grain size sediments, high grain size (D50 = 1.1mm), medium
grain size (D50 = 0.40mm), and small grain size
0.27mm, show that the decreasing the size results in
increasing the volume and length of flushing cone.
Changing the grain size from large to small (77.5%),
large to medium (65%)m and medium to small
(35.7%) results in increasing the volume of flushing
cone by 12.1, 7.2, and 5.6%, respectively. Also, the
length of flushing cone is increase by 12.1, 7.2, and
5.6%, respectively.
x The relation between consumed water(vw)
and volume of outlet sediments(vs) can be derived as
follows:
Vs= 0.0006 Vw1.2603
(1)
x The average pressure flushing efficiency
for cohesive sediments if 1%. In other words, 100 m3
water is needed to discharge 1 m3 sediment showing
the low efficiency of this method.
x The sensitivity analysis on effective parameters such as flow, depth, and sediment amount on
volume and length of flushing cone shows that their
importance obeys the trend flow> grain size>water
depth. In other words, the flow has the highest importance on length and volume of flushing cone.
x In non-cohesive sediments, the best model
to evaluate the volume, length, and depth of flushing
is as follows:

Experiments with cohesive sediment. Two
cohesive sediments with different clay and silt were
used in experiments as follows:
Cohesive sediment type 1 (Sosangerd sediments)
Cohesive sediment type 1 (Dez dam sediments)
The experiments were carried out with two
types. Each of them was done at three water depths
and each depth included 4 flows. Three depths and
four flows were 95, 92, and 122 cm and 1,3,6, and 8
lit.s-1. 24 experiments were carried out for each sediment types. Additionally, the effect of porosity of
sediments in flushing, the experiments were done
with sediment type 1 at two porosity ratios and at 1
depth (90 cm) and 4 flows [8].

RESULTS AND DISCUSSION
The results are presented based on experiments
for cohesive and non-cohesive sediments.
Non-cohesive sediments
x
As the bottom outlet is opened for flushing, the sediment near the bottom outlet is discharged from reservoir with retrogressive erosion. In
other words, the erosion is started from the outlet and
is gradually moved toward upstream.
x
The experiments showed that a semicircle
like cone of flushing is formed based on the pressure
based flushing type. Figure 3 shows a 3D scheme of
flushing cone after the experiment with 3 lit.s-1 and
water depth of 80 cm with respect to central line of
outlet using large grained sediments.

FIGURE 3
3D scheme of flushing cone (large grained
sediment)

x The time needed to balance of flushing cone
is dependent upon some parameters such as flow of
bottom inlet, water depth from reservoir bottom, and
grain size of sediments. For example, at the water
depth of 40 cm and flow of 8 lit.s-1, the time to reach
balance is 9-11 min.
x Measuring the steep of flushing hole shows
that the flushing whole value is varied 25-37, 27-32,
and 28-33 degrees for small, medium, and large
grain sizes, respectively.
x Measuring the flushing hole at longitudinal
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x Comparing the flushing cone slope at
experimental scale (average 53 degree) with that of
obtained at real case study at Dez reservoir (average
5 degree) shows that the slope of experimental scale
is much higher compared to real case studies.
x Since the studied sediments are cohesive,
the experimental results are not enough and the results obtained from physical model can be generalized to real vase studies.
x Considering the effect of bottom outlet
shows that as the flow of bottom outlet is decreased
by 79%, length and volume of flushing cone of sediment type 1 (porosity ratio: 0.83) is decreased by 19
and 31% . Also, 79% reduction of outlet flow of sediment type 2 (porosity ratio: 1.60) results in reduction of length and volume of flushing cone by 21 and
36%, respectively.
x Considering the effect of water depth shows
that when the sediment type 1 (porosity ratio: 0.83)
is used, the average reduction of water depth by
39.9% results in increasing the length and volume of
flushing cone by 12.4 and 32.4%, respectively. Also,
the average reduction of water depth by 39.9% results in increasing the length and volume of flushing
cone of sediment type 2(porosity ratio: 1.60) by 12.0
and 18.2%, respectively.
x One of effective parameters in pressure
flushing efficiency to remove the accumulated sediments is the cohesion of sediments which has been
studied by Shen and Lay[9], Moris and Chromdic.
The effect of porosity of sediments showed that the
average reduction of porosity by 58.5% results in decrease of length and volume of flushing cone by 42.3
and 72.9% respectively.
9
x Flushing efficiency, E= V which Vs and
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x Statistical analysis of three studied grain
sizes through SPSS suggests the following relationship between average concentration of sediments(
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(5)

Cohesive sediments. Two cohesive sediments
with different clay and silt ratios were used in experiments as follows:
x The observations during experiment show
that the erosion is occurred through removal of sediments from surface and flushing from outlet with
water.
x The erosion obeys a Retrogressive trend. In
other words, the erosion is started from the outlet and
is gradually moved toward upstream.
x Since the sediment removal if a pressure
flushing type, longitudinal expansion of erosion is
limited in such way that a flushing cone is formed at
the front of outlet in all experiments.
x Regarding the fact that the sediments are
cohesive, the flushing cone figure is not as regular as
the flushing of non-cohesive sediments as shows at
figure 4.

9Z

Vw are volume of discharged sediment and discharged water, respectively, of about 0.00132 was
obtained for cohesive sediment which shows that
637 m3 water is discharged unity sediment discharge. This value indicates very low efficiency of
pressure flushing.
x Diagram 1 display the variations in flushing
length with different discharge. With increase H w,
the flushing length also gradually increase.

FIGURE 4
3D scheme of flushing cone (cohesive sediments).
x The steep of flushing cone hole showed that
when the cohesive sediments of type 1 (Sosangerd
sediments) with porosity ratio of 0.83, 2.02, and
3.49% are used, the steep of flushing hole is 62.1, 56,
and 38.9 degree, respectively. Also, the average
steep of flushing hole for sediment of type 2 (Dez
sediments) was obtained 56.5 degree.
x The experiments showed that the steep of
flushing cone in longitudinal direction is more than
its side slope Also, the average in longitudinal direction is 5.2% higher than the slope in width direction.
x The slope of flushing cone of cohesive sediments is much higher compared to that of non-cohesive sediments.

DIAGRAM 1
Diagram of variations in the flushing length with
different semi-cylindrical diameters
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x The sensitivity analysis to consider the effect of flow, depth, and porosity ratio of sediment on
volume and length of flushing cone shows that the
importance priority of them obeys the porosity>flow>water depth. In other words, the porosity
effect is dominant.
x Statistical analysis Using SPSS presents the
relation between volume and length of flushing cone
for cohesive sediments as follows:
భ
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SSIIM model results. In addition to experiments on physical model, simulation of pressure
flushing was applied through SSIIM model. The results indicate that it can accurately simulate the
flushing process under pressure. The results are as
follows:
x Simulation results of the pressure flushing
process using SSIIM model show that the maximum
error of this model to estimate the volume of flushing
cone is ±20 %.
x Applying SSIIM using different functions
of Ackers/ White, Shen/Hung, Einstein, Van Rijn,
and Yang models shows that Van Rijn model has a
higher capability to estimate the volume of flushing
cone.
x The simulation of hydraulic flow shows that
as the flow is 1,3,6, and 8 lit.s-1, the maximum flow
rate varies by 0.095,0.32, 0.43, and 0.64m.s-1.
x The shear stress study by SSIIM model
shows that as the flow is 1,3,6, and 8 lit.s-1, the maximum shear stress varies from 0.14 to 1.34, 2.42,
5.13 N.s-1.
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PHOSPHATE REMOVAL BY SEDIMENT-CEMENT
MATERIALS
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RIWKHVROLGLILHGPDWHULDO>@6ROLGLILFDWLRQDQGVWD
ELOL]DWLRQXVLQJFHPHQWSDVWHFDQQRWRQO\LPPREL
OL]HDQGFDSVXOHWKHFRQWDPLQDQWV>@EXWDOVRGH
YHORSDFRDUVHVXUIDFHZKLFKFDQEHHIILFLHQWLQDG
VRUELQJDYDULHW\RIFDWLRQVDQGLRQVLQFOXGLQJ32
&XRUHYHQQXFOLGHVHJ&V&RQWDPLQDWHGVHGL
PHQW UHPHGLDWLRQ GHDOV ZLWK HLWKHU WKH UHPRYDO RU
WKHFRQWURORIFRQWDPLQDQWVWRSURWHFWKXPDQKHDOWK
DQGWKHHQYLURQPHQW>@1RZDGD\VDSDUWLFXODUDW
WHQWLRQ LV SDLG WR LGHQWLI\ WKH PRVW HIIHFWLYH WUHDW
PHQWV IRU GUHGJHG FRQWDPLQDWHG VHGLPHQWV ZLWK
SXUSRVHRIEHQHILFLDOUHXVHHLWKHULQEXLOGLQJLQGXV
WULHVRUZDVWHZDWHUWUHDWPHQW7KHFHUDPLVWVPDGH
E\\HOORZULYHUVLOWDQGFHPHQWLQWKHUDWLRRI
DQG  VRGLXP VLOLFDWH ZHUH DEOH WR ORZHU GRZQ
&2'FUE\DQGUHPRYHDPPRQLDLQPHG
LFDOZDVWHZDWHULQZDVWHZDWHUWUHDWPHQWV\VWHP>@
,QWKHSRUWRI1HZ<RUN1HZ-HUVH\>@WKHVHGL
PHQWZDVPL[HGZLWKFRDUVHVDQGDQGVKHOOVWRSUR
GXFHR\VWHUUHHIUHKDELOLWDWLRQRIPDWUL[FRRUGLQDW
LQJZLWKQDWLYHYHJHWDWLRQWRUHFRYHUWKHORFDOODQG
VFDSLQJ DQG UHGXFH SHULSKHUDO SROOXWDQWV DQG VHGL
PHQWHURVLRQZKLFKSURWHFWHGHQYLURQPHQWRI/DNH
(ULH>@
3KRVSKDWH UHPRYDO LV DOZD\V HVVHQWLDO LQ
ZDVWHZDWHUWUHDWPHQW>@$FULWLFDOFDXVHHXWURSKL
FDWLRQ DQG DOJDH EORRP LQ DTXHRXV HQYLURQPHQW
ZKLFK JHQHUDWHV VKRUWWHUP RU ORQJWHUP HQYLURQ
PHQWDOKD]DUGV7KHWUHDWPHQWWHFKQLTXHRI32UH
PRYDOLQZDVWHZDWHUDQGQDWXUDOZDWHUERGLHVKDVDO
ZD\VEHHQDKRWWRSLF2QHRIWKHPRVWSRSXODUDS
SURDFKHVXVHGLV32ILOWUDWLRQE\ILOOLQJPDWHULDOV
ZKLFK KDV KLJK DIILQLW\ ZLWK 32 LQWR WUHDWPHQW
WDQN VXFK DV VHSWLF WDQN DQG FRQVWUXFWHG ZHWODQG
V\VWHP &:6  7KHUHIRUH ORZFRVW DQG HDVLO\DF
FHVVLEOHPDWHULDOVVXFKDV]HROLWH>@IO\DVK>@
VWHHOIXUQDFHVODJ>@EHQWRQLWH>@DQGFHPHQWL
WLRXV PDWHULDOV >@ HWF KDYH EHHQ LQYHVWLJDWHG LQ
EDWFKH[SHULPHQWVRULQILHOGSUDFWLFHV
&HPHQWZDVWHPDWHULDOVDUHXVXDOO\IDYRUHGLQ
SUDFWLFHDVLWVDELOLW\RIGHYHORSLQJVWUHQJWKLQDTXH
RXV HQYLURQPHQW DQG UHVLVWDQFH WR PDQ\ LUULWDWLQJ
VXEVWDQFHV ZKLFKLV OLNHO\ WREH DEXQGDQWLQ ZDVWH
ZDWHU6RQJHWDO>@IRXQGWKDWWKHDGVRUSWLRQFD
SDFLW\RIIHUULFVOXGJHZLWKWKHFHPHQWGRVDJHRI
J/ZDVPJ3JDUWLILFLDOZDVWHZDWHUDWFRQ
FHQWUDWLRQRIPJ/ 32 >@:DQJWHVWHG
IRXUW\SHVRIFHPHQWEDVHGPRUWDUDQGDFKLHYHG!

ABSTRACT
The present study focuses on the investigation
of sorption mechanism of phosphate by sediment
based materials. Sorption experiments were carried
out using artificial waste water on crushed particles
(<1mm). Two sorption kinetic models were used to
test the capacity and the mechanism of phosphate adsorption on the materials. The results showed that the
sediment based materials which has a large capacity
can remove over 95% of phosphate. The sorption kinetics of phosphate was more fitted to the pseudosecond order kinetic than pseudo first order kinetics
implying the intramedia diffusion controlling sorption rate of sediment-cement material adsorbing
phosphate. Thus, sediment-cement materials could
be a promising sorbent for phosphate removal.

KEYWORDS:
:DVWH WUHDWPHQW 6HGLPHQW 3RUWODQG FHPHQW$GVRUSWLRQ
.LQHWLFV3KRVSKDWHUHPRYDO

INTRODUCTION
6LQFHWKH ODVWWZRGHFDGHV WKH FRQWDPLQDWLRQ
RIDTXDWLFVHGLPHQWVLQKDUERUVSRUWVDQGXUEDQULY
HUVKDVEHFRPH D JOREDOVFDOHHQYLURQPHQWDOSURE
OHP>@+XPDQDFWLYLWLHVDQGK\GURJUDSKLFDOFKDU
DFWHULVWLFVOHDGVWRWKHDFFXPXODWLRQRIFRQWDPLQDQWV
LQWKHVHGLPHQWVZKLFKEULQJVDULVNRIUHOHDVLQJLQWR
WKHDTXHRXVHQYLURQPHQWLQUHVSRQVHWRWKHFKDQJLQJ
HQYLURQPHQW>@'UHGJLQJLVRQHRIWKHPRVWDS
SOLHGPDQDJHPHQWVWUDWHJLHVIRUNHHSLQJWKHQDYLJD
WLRQ GHSWK DV ZHOO DV UHPRYDO RI FRQWDPLQDWLRQ
VRXUFHV>@7KHGLIILFXOW\LQGLVSRVDORIGUHGJHG
VHGLPHQWVKRZHYHUH[LVWDVDUHVXOWRIWKHOLPLWDWLRQ
RIVSDFHLQFLWLHVDVZHOODVWKHVHULHVRIHQYLURQPHQ
WDOSUREOHPVLQFOXGLQJOHDFKLQJRIWR[LFVXEVWDQFHV
%HVLGHVQDWXUDOUHVRXUFHVVXFKDVFOD\PLQHUDOVPHW
DOV DQG QDWXUDO RUJDQLF PDWWHUV FRQWDLQHG LQ VHGL
PHQWV DUH XVXDOO\ DEXQGDQW 7KHUHIRUH EHQHILFLDO
XVHRIWKHVHGLPHQWVZHUHKLJKO\HQFRXUDJHG>@
$PRQJ DOO WKHVH DSSOLFDWLRQV FHPHQW LV H[WUDRUGL
QDU\DWWUDFWLYHEHFDXVHFHPHQWSDVWHFDQUHDFWZLWK
KHDY\ PHWDO FRQWDPLQDWHG VHGLPHQWV DQG FRPSHQ
VDWHVWKHFRPSUHKHQVLYHVWUHQJWKIRUWKHORZVWUHQJWK
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VKRZHG LQ7DEOH  ZDV DQDO\VHG E\ ; UD\ IOXRUHV
FHQFH VSHFWURPHWHU ;5) 6+,0$'=8
&KLQD &R/7' ;UD\'LIIUDFWLRQ ;5''$'
9$1&(%58.(5*HUPDQ ZHUHXVHGIRUPLQHUDO
LGHQWLILFDWLRQIRUERWKWKHVHGLPHQWVDQGWKHVRUSWLRQ
PDWHULDOLWSUHSDUHGIURP7KHVRUSWLRQPDWHULDOZDV
DOVRFKDUDFWHUL]HGE\%UXQDXHU(PPHWW7HOOHU %(7
+36 %HLVKLGH ,QVWUXPHQW 7HFKQRORJ\ &R
/WG DQG%DUUHWW-R\QHU+DOHQGD %-+ WRGHWHUPLQH
WKHVXUIDFHDUHDDQGWKHSRUHVL]HGLVWULEXWLRQLQUH
VSHFWLYHO\

3UHPRYDO IURP D UDQJH RI SKRVSKRUXV FRQFHQWUD
WLRQV WRPJ/ >@7KHVRUSWLRQEHKDYLRU
RI32RQFHPHQWEDVHGDQGFHPHQWLWLRXVPDWHULDOV
ZDVOLNHO\WREH GHSHQGHQWRIWKH &6+ K\GUDWHG
FDOFLXPVLOLFDWH GHYHORSHGRQFHPHQWSDUWLFOHVDQG
WKHVXUIDFHDUHDRIWKHPDWHULDO>@5HJDUGOHVVWKH
QHHG DQG WKH DGYDQWDJH RI XVLQJ VHGLPHQWEDVHG
VRUELQJPDWHULDOIRUZDVWHZDWHUWUHDWPHQWWKHDSSOL
FDWLRQRIVXFKWHFKQLTXHKDVEHHQOLPLWHGE\WKHDP
ELJXRXVXQGHUO\LQJPHFKDQLVPRIVRUSWLRQ&KHPL
FDODGVRUSWLRQRI32RQ&6+ZDVIRXQGE\VHY
HUDOVWXGLHVDV&DDQG2+íVWHDGLO\UHOHDVHGIURP
&6+ DQG VSRQWDQHRXVO\ IRUP +$3 K\GUR[\DS
DWLWH FU\VWDOOLWHVE\FRSUHFLSLWDWLRQRQWKH VXUIDFH
RI &6+ ZLWK SKRVSKDWH IURP ZDVWHZDWHU >@
ZKHQWKHFRQFHQWUDWLRQRIWKHHOHPHQWVUHDFKHGWKH
VXSHUVDWXUDWLRQVWDWH>@7KURXJKWKHVXUIDFH
RIDGVRUEHQWILOWHUPHGLDWKHPHWDOOLFVDOWVRISKRV
SKDWHZRXOGRFFXUZHDNSK\VLFDOLQWHUDFWLRQZKLFK
LV DQ DGGLWLRQDO PHFKDQLVP IRU SKRVSKDWH UHPRYDO
>@
7KHUHIRUH WKLV VWXG\ LV DLPLQJ WR LQYHVWLJDWH
WKHREMHFWLYHVRIWKHDGVRUSWLRQRSHUDWLRQVWXG\DUH
DVIROORZV  HYDOXDWHWKHDGVRUSWLRQFDSDFLW\DQG
SUHPRYDOHIILFLHQF\E\WKHVHGLPHQWFHPHQWPDWH
ULDOV   VSHFXODWH WKH 3DGVRUSWLRQ PHFKDQLVP V 
7KHODERUDWRU\GDWDZLOOJLYHDFRQVLGHUDWLRQRQWKH
ZD\WRWKHILQDOGLVSRVDORIWKHVHGLPHQWDQGWKHSR
WHQWLDORIXVLQJVHGLPHQWFHPHQWPDWHULDOVIRU3UH
PRYDODQG ZDVWHZDWHUWUHDWPHQW7KH SRWHQWLDOXVH
RI VHGLPHQWFHPHQW PDWHULDOV IRU WKH DGVRUSWLRQ RI
SKRVSKRUXVIURPV\QWKHWLFSKRVSKDWHVROXWLRQV

32 VRUSWLRQ EDWFK H[SHULPHQWV $UWLILFLDO
ZDVWHZDWHUZDVSUHSDUHGIURPDQK\GURXV.+32
6LQRSKDUP&KHPLFDO5DJHQW&R/WG$5 $VPDOO
YROXPHRIVXOIXULFDFLG J/ ZDVDGGHGWRPDLQ
WDLQWKH VWDELOLW\RIWKH VROXWLRQWKURXJKRXWWKH H[
SHULPHQW7KHVRUSWLRQH[SHULPHQWZDVPDGHRQJ
RIPDWHULDOPHUJHGLQWRP/RIPJ/SKRV
SKDWH VROXWLRQ LQ D FRQLFDO IODVN 7KH PL[WXUH ZDV
FRQWLQXRXVO\VKDNHQDWUSPRQDJ\UDWRU\VKDNHU
IRUK DQGK 
XQGHU R& 7KH SKRVSKDWH FRQFHQWUDWLRQV RI HDFK
VROXWLRQZDVGHWHUPLQHGRQWKHEDVLVRIWKHPRO\E
GHQXPEOXH DVFRUELF DFLG PHWKRG XVLQJ 9LVLEOH
6SHFWURSKRWRPHWHU 'U+$&+&R 
5HPRYDO HIILFLHQF\ RI SKRVSKDWH 3U  DV SHU
FHQWDJHZHUHFDOFXODWHGIURP(T>@
ܲ ൌ ሺܥ െ  ܥΤ ܥሻൈͳͲͲΨ 
:KHUHܥ LVWKHLQLWLDO3FRQFHQWUDWLRQ PJ/ LV
WKH3FRQFHQWUDWLRQLQWKHVXSHUQDWDQWDWHTXLOLEULXP
PJ/ 
The study of adsorption dynamics describes the
solute uptake rate and evidently this rate controls the
residence time of adsorbate uptake at the solid-solution interface [30]. The kinetics of P adsorption on
the sediment-cement materials were analyzed using
pseudo first-order equation (Eq.1) and pseudo second-order (Eq.2) [31, 32].
The pseudo first-order equation is generally expressed as follows:
ሺݍ െ ݍ௧ ሻ ൌ  ݍ െ ݇ଵ  ݐ
:KHUHݍ  LV WKH 3 FRQFHQWUDWLRQ VRUEHG DW HTXLOLE
ULXP PJ/  DQGݍ௧  LV WKH 3 FRQFHQWUDWLRQ RQ WKH
VXUIDFH RIWKH VRUEHQWDWDQ\WLPH PJJ ݇ଵ LVWKH
UDWH FRQVWDQW RI pseudo first-order adsorption 7KH
YDOXHRI݇ଵ FDQEHGHWHUPLQHGE\WKHOLQHDU(T 
The pseudo second-order adsorption kinetic
equation is expressed as:
ݐΤݍ௧ ൌ ሺͳΤ݇ଶ ݍ ଶ ሻ  ሺͳΤݍ ሻ ݐ
:KHUH݇ଶ LVWKH UDWH FRQVWDQWRI pseudo second-order adsorption7KH YDOXH RI݇ଶ FDQ EH GHWHUPLQHG
E\WKHOLQHDU(T 
7KHLQWUDPHGLDGLIIXVLRQPRGHOHTXDWLRQLVH[
SUHVVHGDV
 ݍ௧ ൌ  ݇ௗ  ͲǤͷ   ݐ
:KHUH݇ௗ LV WKH UDWH FRQVWDQW RI LQWUDPHGLD GLIIX
VLRQPRGHO
 ൌ െͲǤͶͻͺͷ െ ሺͳ െ ݍ௧ Τݍ ሻ 
7KH IXQFWLRQ RILV ൌ ͳ െ ሺΤߨ ଶ ሻ݁ି ݔ௧ 

MATERIALS AND METHODS
3UHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ RI VRUS
WLRQ PDWHULDO 6HGLPHQW XVHG LQ WKLV VWXG\ ZDV
GUHGJHGIURPWKH)X[LQFDQDOE\WKH )X[LQJ,VODQG
 (θ 1  7KH VXUURXQGLQJ HQYL
URQPHQW RI WKLV PDQPDGH LVODQG HVSHFLDOO\ VHGL
PHQWVLQWKLVQHDUE\FDQDOKDVEHHQUHFHLYLQJYDUL
RXVSROOXWDQWVIURPFXUUHQWDQGKLVWRULFDOLQGXVWULDO
DQGPLOLWDU\RSHUDWLRQV7KHVHGLPHQWZDVDLUGULHG
DQGKRPRJHQL]HGE\JHQWO\JURXQGHGDQGVLHYLQJDV
DVWDUWLQJPDWHULDO
7KHVHGLPHQWZDVIXUWKHUWUHDWHGXVLQJDELQGHU
FRPSULVHRI3RUWODQGFHPHQW 3,W\SH*%
1DWLRQDOVWDQGDUG&KLQD DQGRI3RO\HWK
\OHQH *O\FRO 0RQR SWHWUDPHWK\O EXW\O 
SKHQ\O (WKHU  E\ ZHLJKW RI VROLG ZLWK ZDWHU
ELQGHU 7KHPL[WXUHZDVFDVWLQWRFXELFPROGV
RI PPîPPîPP *%7 1D
WLRQDOVWDQGDUG&KLQD IRUKEHIRUHFXULQJDWR&
DQGZLWKUHODWLYHKXPLGLW\IRUDQRWKHUGD\V
7KHQ FXEH VSHFLPHQ ZDV FUXVKHG DQG VLHYHG WR D
PD[LPXP JUDLQ VL]H PP EHIRUH WKH SKRVSKDWH
VRUSWLRQH[SHULPHQW
7KHFKHPLFDOFRPSRVLWLRQRIWKHUDZVHGLPHQW
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number of voids are observed in sediment-cement
materials (Fig.2). As showed in Fig.2, the exposed
surfaces are covered by hydrated products which
were needle-like ettringite and honeycomb-like calcium silicate hydrates (CSH). Also, aluminium silicate hydrates can be confirmed on the surface. [36,
37].

RESULTS AND DISCUSSION
0DWHULDO FKDUDFWHUL]DWLRQ 7KH VHGLPHQWFH
PHQW PDWHULDOV H[KLELWHG DQ DYHUDJH FRPSUHVVLYH
VWUHQJWKRIDWOHDVW03DDWGD\V6SHFLILFVXUIDFH
DUHD RI WKH FUXVKHG VDPSOH ZDV P J DQG WRWDO
SRUHYROXPHZDVP/JThe development of
calcium silicate hydrated (C-S-H) and aluminium
silicate hydrated (A-S-H) were identified E\ ;5'
DQDO\VLV RI VHGLPHQWFHPHQW PDWHULDOV (Figure1).
Calcium carbonate and calcite can also identified DV
D UHVXOWRI free calcium hydroxide in the hydration
products can absorb carbon dioxide from the air and
water, which can synthesize carbonate and generate
insoluble calcium carbon [33-35].
SEM micrograph in Fig.2 shows the images of
solidified sediments curing for 7days. A rough surface and a distinguishable structure with a large

3KRVSKDWHUHPRYDOIURPDUWLILFLDOZDVWHZD
WHU7KHHIIHFWRIFRQWDFWWLPHRQWKHDGVRUSWLRQFD
SDFLW\DWSKRVSKDWHVROXWLRQZDVSUHVHQWHGLQ)LJ
7KH UHPRYDO HIILFLHQF\ LQFUHDVHG IURP  DW
KWRLQKWKHQUHDFKHGDSODWHDXRI
The fast step in the first few hours of the contact is
similar to the research by Yang et al. [38] who conducted experiments using a tablet porous materials
with Kanuma clay, white cement, iron powder, corn
starch and CaO. 7KHFXUYHRI3UHPRYDOHIILFLHQF\
WHQGHGWROHYHORIIDIWHUKRXUVZLWKWKHPD[LPXP
XSWDNHDPRXQWRISKRVSKDWH PJJ achieved.
It implies that WKH VHGLPHQWFHPHQW PDWHULDO LV RE
VHUYHG WR KDYH D JUHDW VRUSWLRQ FDSDFLW\ IRU SKRV
SKDWH

7$%/(
&KHPLFDOFRPSRVLWLRQRIWKHVHGLPHQW
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FIGURE 1
XRD patterns of sediment-cement material. Q= Quartz, CC= CaCO3, CA= Calcite, C-S-H= Calcium
Silicate Hydrated, A-S-H= Aluminum Silicate Hydrated
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FIGURE 2
SEM micrographs of sediment-cement materials after 7 days curing
&D 2+



32 Ļ+2O

(3)

,QWUDPHGLD'LIIXVLRQ0RGHO. Since the sediment-cement materials having internal porosity, intramedia diffusion process may be broken down into
two or more steps: the first is controlled by the external surface adsorption rate; the second is the
slower mass transfer stage controlled by intramedia
diffusion; and the third stage is the final equilibrium
stage [41]. The third stage is a fast step so the diffusion speed of the adsorption is controlled by former
two step. 'DWDIURP)LJDUHILWWRLQWUDPHGLDGLIIX
VLRQPRGHO. The FRUUHODWLRQFRHIILFLHQW of intramedia
diffusion model of phosphate adsorption by sediment-cement material is closed to 1. On this basis,
 ݍ௧  and ͲǤͷ   ݐcan be regarded as linear relationship which can be the evident that the sorption
rate of sediment-cement material sorbing phosphate
is controlled by intramedia diffusion speed. Boyd
model is used to verify that the adsorption rate of
sediment-cement material in phosphate solution is
controlled by internal diffusion rate [42]. The determination coefficient (R) of Boyd model of phosphate
adsorption by sediment-cement material is closed to
1. In that case, Bt and t are in linear relationship
which also illustrate that the sorption rate of sediment-cement material sorbing phosphate is controlled by intramedia diffusion speed.

),*85(
$GVRUSWLRQHIILFLHQF\LQUHVSRQVHWRWLPH
6RUSWLRQ NLQHWLFV .LQHWLF VWXG\ RI 3 WR WKH
PDWHULDOLVLPSRUWDQWWRHYDOXDWHWKHDGVRUSWLRQSUR
FHVV DQG LW FDQ SURYLGH IXUWKHU LQIRUPDWLRQ RQ WKH
SURFHVVPHFKDQLVPV>@'DWDIURP)LJDUHILWWR
DGVRUSWLRQNLQHWLFVPRGHOV7KHJRRGQHVVRIILWZDV
HYDOXDWHG E\ FRUUHODWLRQ FRHIILFLHQW ,W FDQ EH VHHQ
WKDWWKHH[SHULPHQWGDWD ILWEHWWHUZLWKWKH pseudosecond-order kinetic with the FRUUHODWLRQFRHIILFLHQW
of 0.9997 compared with the pseudo-first-order kinetic model with FRUUHODWLRQ FRHIILFLHQW of 0.9814.
The high R displays good applicability of the second-order kinetics equation for phosphate sorption
using sediment-cement materials. 7KXVWKHVHFRQG
RUGHU NLQHWLF PRGHO LV PRUH VXLWDEOH WR GHSLFW WKH
SKRVSKDWH UHPRYDO VXJJHVWLQJ WKDW WKH SURFHVV LQ
YROYHVDFKHPLFDOUHDFWLRQPHFKDQLVPA similar result was reported by Zheng et al. [39].
Potential explanation of the results might be described by the following reactions (1-3) as C-S-H
steadily releasing Ca2+ and OHí which react with
phosphate anions leading to the precipitation [19,
40]:
5Ca2++3PO43++OHíCa5(PO4)3(OH)Ļ 
3Ca2++2OH-+2HPO42-Ca5(PO4)3(OH)Ļ+3H2O (2)
10Ca2++14OH-+6H2PO4-

CONCLUSIONS
7KH HIIHFWV RI VHGLPHQWFHPHQW PDWHULDO RQ
SKRVSKDWHDGVRUSWLRQ IURP ZDVWHZDWHU DUH LQYHVWL
JDWHG 5HPRYDO HIILFLHQF\ UHDFKHG DV KLJK DV 
IRUWKLVQRYHOPDWHULDOVKRZLQJJUHDWHIIHFWLYHQHVV
RIVHGLPHQWFHPHQWPDWHULDOVIRUSKRVSKRUXVLPPR
ELOL]DWLRQ ,Q NLQHWLFV WHVW LW LV FOHDU WKDW WKH SKRV
SKDWHDGVRUSWLRQSURFHVVRQWRVHGLPHQWFHPHQWPD
WHULDOVFRXOGEHZHOOGHVFULEHGE\SVHXGRVHFRQGRU
GHUPRGHOXQGHUWKHH[SHULPHQWDOFRQGLWLRQV
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7KURXJKDQDO\]LQJWKHGDWDLQLQWUDPHGLDGLIIX
VLRQ PRGHO the sorption rate of sediment-cement
material is controlled by intramedia diffusion speed.
7KH XVH RI VHGLPHQW LQWR DGVRUEHQW LQFUHDVHV WKH
DELOLW\RIFHPHQWLWLRXVPDWHULDOVWRDGVRUEWKHSKRV
SKDWHZKLFKVKRZVDJUHDWSURPLVHDVDVRUSLQJPD
WHULDOVIRUZDVWHZDWHUWUHDWPHQW&HPHQWEDVHGPD
WHULDOVDUHFRPPRQO\DSSOLHGLQWRFRQVWUXFWLRQRID
VLJQLILFDQW SRUWLRQ RI FXUUHQW ZDVWHZDWHU V\VWHPV
LQFOXGLQJ VHSWLF DQG FRQVWUXFWHG ZHWODQG V\VWHP
>@ 7KH H[SHULPHQWV VKRZ WKDW FHPHQW PDWHULDOV
DQGFHPHQWLWLRXVPDWHULDOVKDYHDGVRUSWLRQFDSDFLW\
RI 3UHPRYDO 6HGLPHQWFHPHQW PDWHULDO LOOXVWUDWHV
WKH VLPLODU DELOLW\ RI SDGVRUSWLRQ DQG VRUSWLRQ
PHFKDQLVPZLWKWKHFHPHQWPDWHULDOV,QWKDWFDVH
WKHXVHRIVHGLPHQWFHPHQWPDWHULDOVLQFRQVWUXFWLRQ
ZHWODQGV\VWHPRUILOWHUPHGLDLVDSURPLVLQJVROX
WLRQ IRU IXWXUH DSSOLFDWLRQ RI ZDVWHZDWHU WUHDWPHQW
V\VWHP>@
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medium where minerals and ions can be dissolved
and may also undergo some microbial contamination
[3-7]. Heavy metals present in water supplies may
not only reduce water intake with subsequent reduced growth performance of poultry, but might also
accumulate in animal tissues, eggs and meat, thus entering into the human food chain [4, 8]. Similarly,
microbially contaminated water supplies may lead to
chicken health problems at farms and also diseases
may be transferred to human food chain through
meat and eggs [9, 10].
Thus, especially in intensive poultry farming,
water quality has gained the attention of researchers
and a number of studies on the physical, chemical
and microbiological parameters of water in poultry
farms have been done. Maharjan et al. [5] evaluated
the microbial quality of poultry farm water systems.
Cardozo et al. [11] investigated the water quality of
laying hen farms in Brazil and observed that around
90% of the analysed water samples did not meet the
Brazilian water quality standards for poultry farming. Based on the research accomplished to evaluate
the effects of water quality upon poultry performance and health, most researchers recommended
monitoring of drinking water every 6-12 months, to
achieve better performance and obtain safe meat and
eggs [3, 12-14].
On the other hand, there is scarce information
about the water quality of extensive poultry farms.
Therefore, in the present study, in order to evaluate
the drinking water quality used in extensive laying
hen farms, the physico-chemical and microbial characteristics of 6 extensive farms situated in the Canakkale Province, Turkey were investigated.

ABSTRACT
In this study, the physical and microbiological
quality and mineral composition of drinking water
used in extensive poultry farms was assessed. Drinking water samples from 6 extensive laying hen farms
were analysed for physical parameters such as temperature, dissolved oxygen, pH and electrical conductivity. The microbial examination of the drinking
water samples revealed that the drinking water used
in the extensive laying hen farms was not adequate.
Similarly, the evaluation of the mineral and heavy
metal concentrations of the drinking water samples
showed that some heavy metals such as mercury
were present in the samples in concentrations exceeding the legal standards. In the present study, to
the best of our knowledge, for the first time a comprehensive evaluation of the mineral and heavy
metal composition of the drinking water used in extensive poultry farms was accomplished.

KEYWORDS:
water quality, heavy metals, microbiological characteristics, poultry, extensive farming.

INTRODUCTION
Poultry farming has a significant share in animal production in Turkey [1]. When considering the
importance of farm costs and efficiency, feed costs
are paid significant attention, while water quality is
mostly not well monitored. Taking into consideration the nutrients in poultry farming, water is often
disregarded when poultry growth performance is
evaluated. Nevertheless, water is essential in metabolism, feed digestion and absorption, as well as
waste excretion. Thus, for a good growth performance, meat and egg quality, poultry should be supplied with enough amounts and adequate quality of
water [2]. On the other hand, water, although not
suitable for growth of microorganisms, is found to
be one of the most important vectors of microbial infections that are considered to be one of the main
problems of intensive poultry farms. Chemically,
water is a pure substance, but comprises a very good

MATERIALS AND METHODS
Extensive Poultry Farms. 6 extensive laying
hen farms situated in Canakkale province, Turkey
were analysed within this study (Figure 1). The characteristics of the farms are given in Table 1.
Water Analysis. The drinking water samples
from the extensive poultry farms were collected
from the source. The pH, temperature, electrical conductivity (EC) and dissolved oxygen (DO)
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FIGURE 1
Sampling area of poultry drinking water evaluation study.
TABLE 1
Specific features of the extensive poultry farms
Drinker Type
Water Source

1
Metal
Well

2
Plastic
Well

3
Plastic
Well

measurements were done immediately. pH and temperature values of the water samples were measured
by using pH meter (Sartorius PP-50, Gottingen, Germany), while electrical conductivity (EC) and dissolved oxygen (DO) values were determined by using Hanna HI98311 EC meter (Hanna Instrument
Inc., USA) and Hanna HI9146 DO meter (Hanna Instrument Inc., USA), respectively.
The elemental composition of the water samples was analysed by using Perkin Elmer Optima
8000 ICP-OES. The elemental compositions of the
samples were expressed in ppm and ppb.
For the microbiological examination of the
samples, water sampling was done from the source
and the drinkers at the farms, and total bacteria, total
coliforms and Escherichia coli counts determination
was done according to Standard Methods for the Examination of Water and Wastewater (9222) [15].

4
Metal
Well

5
Plastic
Network Water

6
Plastic
Network
Water

RESULTS AND DISCUSSION
This study was done to evaluate the quality of
drinking water used in extensive poultry farms. Our
literature search revealed that extensive poultry
farming is under-researched, but recently it gains
VLJQLILFDQFHVLQFHFRQVXPHUV¶FRQFHUQWRZDUGVQDW
ural products, especially eggs from hens at extensive
conditions is continuously increasing.
The temperature, dissolved oxygen concentration, pH and electrical conductivity of the water samples from the extensive poultry farms are presented
in Table 2. The temperature values of the drinking
water samples were found to vary between 13.95 and
17.85oC. These values were the ambient temperatures and no cooling to drinking water was applied at
the extensive poultry farms. In literature, it is well
documented that the temperature of drinking water
provided to laying hens affects feed intake and egg
quality. In general, water at 5-15oC is recommended
as optimal for good growth performance and egg
quality, while water temperature at 30oC was found
to affect negatively growth performance as well as
egg quality. Glatz [16] suggested that drinking water
of laying hens should be cooled for better laying hen
performance and good egg quality.

Statistical Analysis. The results were represented as mean values with standard deviations. The
data were analysed by ANOVA and the multiple
comparisons of the means were accomplished by
7XNH\¶VWHVW6WDWLVWLFDODQDO\VLVZDVSHUIRUPHGZLWK
Minitab v.17.1.0.
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TABLE 2
Physical parameters of drinking water samples from extensive poultry farms
Farms*
1
2
3
4
5
6

Temperature
(϶C)
13.95±0.50b**
15.20±0.85ab
16.80±1.56ab
16.55±0.35ab
17.85±0.64a
16.70±0.85b

Dissolved Oxygen
(mg/L)
1.82±1.01a
1.33±0.74a
1.16±0.09a
0.93±0.04a
1.41±0.18a
1.34±0.05a

pH
7.40±0.28a
7.90±0.01a
6.50±1.41a
7.55±0.07a
8.10±0.99a
8.45±0.07a

Electrical Conductivity
(μs/cm)
605±91.90b
500±14.10bc
245±35.40d
1055±7.07a
370±28.30cd
580±14.10b

*Samples were taken from the water supply.
**Different letters in the same columns show differences among the samples S
TABLE 3
Microbiological analysis of the drinking water samples.
Farms
1
2
3
4
5
6

Samples
Source
Drinker
Source
Drinker
Source
Drinker
Source
Drinker
Source
Drinker
Source
Drinker

E.coli (cfu/100 ml)

Coliform Count (cfu/100 ml)

Total Bacterial Count (cfu/100 ml)

0
2100
0
2300
0
17
0
1900
0
1600
0
1700

0
2900
0
5200
13
300
0
3400
0
2200
3500
6000

0
5600
1000
17600
0
2000
0
14400
0
4400
6800
8000

cfu: Colony Forming Units

from these studies, the pH values may vary with different water sources, so the pH values should be
monitored and if necessary, pre-treatment should be
applied.
The electrical conductivity (EC) of any water
sample is usually associated with the amount of total
dissolved solids (TDS) present in this sample [23].
Thus, the lower are the EC values, the lower is expected to be the TDS content. The EC values measured in this study varied between 245 and 1055
ȝVFP 7DEOH   7KH KLJKHVW (& YDOXH ZDV GHWHU
mined at farm 4, while the lowest was found to be at
farm 3. Significant differences were recorded among
the drinking water samples at the 6 different extensive poultry farms in terms of EC values. ElSaidy et
al. [22] found out that the EC values of poultry drinking water varied with respect to source and was in
the range of 463-ȝVFP2XUILQGLQJVDUHVLPL
lar to the results obtained by ElSaidy et al. [22]. The
recommended EC range for poultry drinking water
is 0-ȝVFP>@:KHQFRQVLGHULQJWKH(&YDO
ues measured in our study, it can be concluded that,
only the water source used in farm 4 do not comply
with the recommended EC values for poultry farming.
The microbiological quality of water directly
affects poultry health thus influencing the performance and subsequent product quality. Therefore,
special attention is being paid to the microbial load

The dissolved oxygen concentration in water
sample has a direct effect on the taste, colour and
odour of the water sample, thus affecting the acceptability of the sample [17]. Therefore, it is of significance to determine the DO concentrations of the
drinking water samples of the extensive poultry
farms. The measured DO values ranged from 0.93 to
1.82 mg/l and there were no statistically significant
differences among the samples. According to Sarin
et al. [18], DO values of typical network water
ranged from 1 to 4 mg/L, while the DO values of
well water were in the range of 5.22-6.77 mg/L [19].
The pH values of the drinking water samples
were in the range of 6.50-8.45 (Table 2). For poultry
farming, the pH of the drinking water was suggested
to be in the range of 6.8-7.50. pH values of drinking
water below 6.5 and above 8.5 may cause reduced
water and feed intake, thus leading to low weight
gain [2]. Grizzle et al. [20] found out that drinking
water pH level of 5.75 led to decreased water consumption and lower body weight of broilers. Cardoso et al. [11] investigated the quality of drinking
water in poultry farms and determined that more than
half of the water samples do not comply with the
Brazilian water quality standards. Ibitoye et al. [21]
found that the pH values of different drinking water
sources used for broiler chickens in Nigeria were in
the range of 6.1-6.4, while ElSaidy et al. [22] determined pH values of drinking water in poultry farms
in Egypt to be between 8 and 8.2. As can be seen
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of poultry drinking water. Since drinking water is regarded as the cause for transmission of various diseases, especially in intensive farming various pretreatments to reduce the microbial load of drinking
water are usually taken into account [3, 5, 11, 24,
25].
According to Carter and Sneed [2], the maximum acceptable total bacterial count was 100
cfu/ml, while for coliform bacteria this maximum
value was 50 cfu/ml. In terms of microbial load, our
samples exceeded the maximum acceptable levels
for poultry farming (Table 3). ElSaidy et al. [22]
found out that all poultry drinking water samples analysed in the study had higher total bacterial count
than the maximum accepted levels, while half of the
water samples exceeded the maximum accepted levels for total coliform counts. Similarly, Cardozo et
al. [11] found out that 46.2% of the analysed poultry
drinking water samples were inadequate in terms of
presence of Escherichia coli.
The elemental composition of the water samples analysed in this study is presented in Table 4.
Interestingly, the nutritional significance of minerals
supplied with the diet was examined in details, but
little attention has been paid to the role of minerals
present in poultry drinking water [26]. On the other
hand, the mineral and anion/cation content of poultry
drinking water is important for both growth performance and product quality in terms of meat and egg

quality [2, 27]. Ca, Mg, P, Fe, Na, K, Cu and
Zn are minerals important for bone and tissue development and subsequently poultry growth. These
minerals were found in appreciable amounts in the
drinking water samples analysed within this study
(Table 4).
Interestingly, in the water sample from farm 1,
where the drinker types were metal, high concentrations of Ni, Mn and Sn were detected. Again, Ni, Cr,
Co, Sn and N-NO2 were present only in the samples
collected from farm 1,where metal drinker types
were used, implying the fact that some heavy metals
might be found due to the nature of the drinker types
(Table 1 and 4).
Selenium (Se) is an important mineral that has
beneficial health effects for human health such as
FDQFHUSUHYHQWLRQ7KXVQRZDGD\VFRQVXPHUV¶GH
mand for Se enriched eggs is being of concern [28].
Therefore, it was of interest for our study to evaluate
the Se content of the drinking water samples. Unfortunately, no Se was detected in the analysed water
samples (Table 4).
According to drinking water standards [29], the
maximum acceptable concentration of mercury (Hg)
in drinking water is 0.001 mg/L. The drinking water
samples from farms 3 and 4 were found to contain
unacceptable Hg content. On the other hand, for all
sampled farms, there was no lead (Pb) and aluminum
(Al) in the poultry drinking water samples.

TABLE 4
Mineral composition of the drinking water samples
Calcium (Ca) (ppm)
Magnesium (Mg)
(ppm)
Phosphorus (P) (ppm)
Iron
(Fe) (ppm)
Sodium (Na) (ppm)
Potassium (K) (ppm)
Copper (Cu) (ppb)
Zinc
(Zn) (ppb)
Selenium (Se) (ppb)
Nickel
(Ni) (ppb)
Lead
(Pb) (ppb)
Manganese (Mn)
(ppb)
Mercury (Hg) (ppb)
Cadmium (Cd) (ppb)
Arsenic (As) (ppb)
Chromium (Cr) (ppb)
Cobalt (Co) (ppb)
Molybden (Mo) (ppb)
Tin
(Sn) (ppb)
Alimunium (Al) (ppb)
Fluorine (F) (ppm)
Chlorine (Cl) (ppm)
Bromine (Br) (ppm)
Phosphate (PO4)
(ppm)
Sulfate (SO4) (ppm)
Nitrite-Nitrogen (NNO2) (ppm)
Nitrate-Nitrogen
(N-NO3) (ppm)

1
52.21
7.86

2
64.99
5.81

3
16.13
1.96

4
86.31
31.14

5
35.33
4.93

6
25.48
1.92

Mean
46.75
8.94

Sd
26.26
11.12

9.35
1.29
19.31
68.98
3.5
10.51
0
11.73
0
624.74

0.31
0
13.02
29.43
0
3.7
0
0
0
0

0.01
0.01
10.78
23.97
0
15.52
0
0
0
5.17

0
0
60.57
22.01
4.4
40.28
0
0
0
12.95

0.05
0.10
26.90
31.76
11.22
15.67
0
0
0
27.10

2.18
0.01
10.23
19.88
3.11
8.17
0
0
0
0

1.99
0.24
23.47
32.68
3.71
15.65
0
1.96
0
111.66

3.71
0.52
19.24
18.34
4.12
12.9
0
4.79
0
251.56

0
0
12.72
2.62
4.67
0
12.15
0
0
3.55
1.6
0

0
0
2.63
0
0
0
0
0
0
30.97
0.15
0

198.63
0.54
4.46
0
0
0
0
0
0
82.87
0.25
0

256.15
0
4.42
0
0
0
0
0
0
43.27
0.36
0

0
0
0
0
0
0
0
0
0
54.16
0.33
0

0
0
2.83
0
0
0
0
0
24.59
77.39
0.38
0

75.80
0.09
4.51
0.44
0.78
0
2.03
0
4.09
48.70
0.51
0

118.83
0.22
4.34
1.07
1.91
0
4.96
0
10.03
29.67
0.54
0

8.83
0.28

12.4
0

96.47
0

78.42
0

29.52
0

7.87
0

38.37
0.04

38.81
0.12

0

0

0

0

0.91

0.51

0.23

0.38

Sd: Standard deviation.
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influenced Temenica river. Fresen. Environ. Bull., 19(5a): 1008-1018.
[7] Bahadir, M., Aydin, M.E., Aydin, S., Beduk, F.
and Batarseh, M. (2016) Wastewater reuse in
Middle East countries ± a review of prospects
and challenges. Fresen. Environ. Bull., 25(5):
1285-1305.
[8] Kurnaz, E. and Filazi, A. (2011) Determination
of metal levels in the muscle and livers of chickens. Fresen. Environ. Bull., 20(11): 2903-2908.
[9] Bobiniene, R., Miskiniene, M. and Gudaviciute,
D. (2012) The impact of a biofilm removal from
water supply systems on the productivity of
chickens and the balance of mineral substances.
Veterinarija ir Zootechnika, 59(81): 10-14.
[10] Manning L., Chadd, S.A. and Baines, R.N.
(2007) Water consumption in broiler chicken: A
ZHOIDUH LQGLFDWRU :RUOG¶V 3RXOWU\ 6FLHQFH
Journal, 63: 63-71.
[11] Cardozo, N.R., da Silva, V.R., Siqueira, J.D.,
Neto, A.T., Miletti, L.C. and Gewehr, C.E.
(2015) Water quality of commercial laying hen
farms in the southern region of Santa Catarina
regarding the report DFIP/DSA 1/2008. Arquivos do Instituto Biologico, 82(1): 1-7.
[12] Abbas, T.E.E., El-Zubeir, E.A. and Arabbi,
O.H. (2009) The effect of saline drinking water
on broilers and laying hens performance.
:RUOG¶V 3RXOWU\ Science Journal, 65(9): 511516.
[13] Flachowsky, G. (2003) Contributions of agriculture to improve food security and food safety.
Fresen. Environ. Bull., 12(6): 467-489.
[14] Koelkebeck, K.W., Mckee, J.S., Harrison, P.C.,
Parsons, C.M. and Zimmerman, R.A. (1999)
Performance of laying hens provided water
from two sources. The Journal of Applied Poultry Research, 8(3): 374-379.
[15] Rice, E.W., Baird, R.B., Eaton, A.D. and Clesceri L. (2012) Standard methods for the examination of water and wastewater. American Public Health Association, American Water Works
Association, Water Environment Federation:
Washington, DC.
[16] Glatz, P.C. (2001) Effect of cool drinking water
on production and shell quality of laying hens in
summer. Asian-Australasian Journal of Animal
Sciences, 14(6): 850-854.
[17] Dincer, E., Karabayir, A. and Mendes, M.
(2007) Effects of drinking water differing in dissolved oxygen concentration on growth performance of broiler. Archiv für Geflügelkunde,
71(4): 169-174.
[18] Sarin, P., Snoeyink, V., Bebee, J., Jim, K.,
Beckett, M., Kriven, W. and Clement, J. (2004)
Iron release from corroded iron pipes in drinking water distribution systems: effect of dissolved oxygen. Water Research, 38: 1259-1269.
[19] Unique N.K., Babadoko, M.A., Francis, O.A.
and Awe, E. (2016) Assessment of the quality of

The N-NO2 and N-NO3 concentrations of poultry drinking water are important criteria for good
growth performance and egg quality [24, 25]. According to the drinking water standards, the maximum acceptable concentrations for N-NO2 and NNO3 are 1 and 10 mg/L, respectively [29]. None of
our drinking water samples from the extensive laying hen farms exceeded these levels (Table 4).

CONCLUSION
In literature, there is almost no data about the
chemical content and microbial load of drinking water at extensive poultry farms. To the best of our
knowledge this is the first report about the detailed
evaluation of the drinking water quality of extensive
poultry farms. The mineral and heavy metal examination of the analysed water samples revealed that,
the material of the drinker affects water quality, as
higher mineral concentrations were detected in the
samples taken from the metal drinkers. On the other
hand, the microbial load of the poultry drinking water revealed that, special attention should be paid to
reduce this value to the acceptable limits. In extensive farming this might be regulated via sanitizing
procedures by applying disinfection. In conclusion,
water quality both in terms of microbial and chemical composition should be regularly checked in order
to meet the legal requirements and product quality.
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GLFORIHQDFLVRQHRIWKHPRVWSUHYDOHQWSKDUPDFHXWL
FDOVIRUKXPDQDQGYHWHULQDU\WUHDWPHQWVGXHWRDQ
WLUKHXPDWLF DQWLDUWKULWLF DQWLSKORJLVWLF DQDOJHVLF
DQG DQWLS\UHWLF DFWLYLW\ > @ '&) KDV EHHQ IUH
TXHQWO\GHWHFWHGLQ::73VHIIOXHQWDQGVXUIDFHZD
WHULQWKHFRQFHQWUDWLRQRIȝJ/DQGȝJ/
UHVSHFWLYHO\DQGHYHQLQJURXQGZDWHUVDQGWDSZD
WHUVLQWKHFRQFHQWUDWLRQXSWRQJ/DQGEHORZ
QJ/UHVSHFWLYHO\>@7R[LFLWLHVDIWHUH[SRVXUH
WR'&)KDYHEHHQLQYHVWLJDWHGLQDTXDWLFV\VWHPV>
@WKHUHDUHSRWHQWLDOKD]DUGVIRUKXPDQKHDOWKDV
VRPH PHWDEROLWHV PD\ EH PRUH KDUPIXO WKDQ WKHLU
SDUHQW FRPSRXQGV )RU H[DPSOH '&) PD\ FDXVH
SK\VLRORJLFDO DOWHUDWLRQV LQ WKH OLYHUV NLGQH\V DQG
JLOOVRIUDLQERZWURXWZLWKWKHORZHVWREVHUYHGHI
IHFWXQGHUDFRQFHQWUDWLRQRIȝJ/>@'&)
KDV DOVR EHHQ FRQVLGHUHG DV YHU\ WR[LF WR EDFWHULD
(& PJ /  LQYHUWHEUDWHV DQG DOJDH
(& a QJ /  EDVHG RQ WKH (& YDOXHV UH
SRUWHGLQWKHOLWHUDWXUH>@$VDUHVXOWLWLVYLWDOWR
GHYHORSDIXQGDPHQWDOXQGHUVWDQGLQJRIWKHIDWHDQG
EHKDYLRURI'&)GXULQJZDWHUSXULILFDWLRQWUHDWPHQW
)HUUDWH 9,  )H 9, LVDSURPLVLQJWULSOHIXQF
WLRQDOR[LGDQWIRUSXOSDQGZDWHUWUHDWPHQWV\VWHPV
WKDWW\SLFDOO\XQGHUJRHVR[LGDWLRQGLVLQIHFWLRQDQG
VXEVHTXHQWFRDJXODWLRQDVQRQWR[LF)HRU)H 2+ 
IRUPDWLRQ>@)H 9, LVJDUQHULQJLQFUHDVHGDWWHQ
WLRQ IRU WKH HOLPLQDWLRQ RI VHYHUDO SKDUPDFHXWLFDOV
DQGRWKHUHPHUJLQJPLFURSROOXWDQWVVXFKDVDQWLELRW
LFV DQWLLQIODPPDWRU\ GUXJV HQGRFULQH GLVUXSWHUV
DQGF\DQLGHV >@)RUH[DPSOH)H 9, KDVWKH
FDSDFLW\WRUHPRYHPRUHWKDQHOHFWURQULFKRU
JDQLFPRLHWLHVWKURXJKHOHFWURSKLOLFR[LGDWLRQPHFK
DQLVP >@ 6LQFH )H 9,  LV FXUUHQWO\ NQRZQ DV
DQ HQYLURQPHQWDOO\ FRPSDWLEOH DJHQW IRU WKH UH
PRYDORIPLFURSROOXWDQWVIURPDTXHRXVPHGLDVRPH
16$,'V DQG WKHLU K\GUR[\ODWHG EHQ]RSKHQRQH GH
ULYDWLYHVRIFRQFHUQKDYHEHFRPHWDUJHWVRIJUHDWLQ
WHUHVW WRZDUG WKH LQYHVWLJDWLRQ RI WKHLU UHVSRQVH WR
)H 9, WUHDWPHQW+RZHYHUWKHUHPRYDORIYDULRXV
SKDUPDFHXWLFDOVE\)H 9, PD\EHLQIOXHQFHGE\FR
H[LVWLQJFKHPLFDOVLQZDWHUVXFKDVQLWURJHQRXVLRQV
PHWDOFDWLRQVDQGGLVVROYHGRUJDQLFPDWWHU '20 
$QTXDQGDKHWDO>@KDYHUHSRUWHGWKDWWKH'20
LQ ZDWHU PDWULFV ZRXOG LQFUHDVH WKH GHPDQG IRU

ABSTRACT
7KH GHJUDGDWLRQ RI GLFORIHQDF '&)  ZDV LQ
YHVWLJDWHGWRGHPRQVWUDWHWKHSRWHQWLDORIIHUUDWH 9, 
R[LGDQWWRWUHDWDQWLLQIODPPDWRU\LQDTXHRXVHQYL
URQPHQWV7KHH[SHULPHQWVZHUHFRQGXFWHGLQYDUL
RXV PRODU UDWLRV RI '&) WR )H 9,  DW S+  DQG
Υ7KHREVHUYHGUDWHFRQVWDQWIRU'&)R[LGL]HG
E\)H 9, ZDVUDQJHGIURPîWRîV

ZLWKLQFUHDVLQJWKHFRQFHQWUDWLRQRI'&)IURP
WR  P0 7KH UHPRYDO HIILFLHQF\ RI '&) E\
)H 9, WUHDWPHQWZDVGHSHQGHQWRQFRH[LVWLQJFRQ
VWLWXHQWVXVXDOO\SUHVHQWLQQDWXUDOZDWHUV,QRUJDQLF
FDWLRQV 1+&D)H DQGDQLRQ 12í VLJQLIL
FDQWO\HQKDQFHGWKHGHJUDGDWLRQHIILFLHQF\RI'&)
WKHRWKHULRQV 1D62í KDGQRLQIOXHQFHRQWKH
UHPRYDORI'&),QVWHDG12íDQG&OíLQZDWHUGH
FUHDVHG WKH HIILFLHQF\ RI '&) UHPRYDO ZLWKLQ WKH
WHVWHGFRQFHQWUDWLRQV7KHFKDQJHLQWKHS(YDOXHVRI
VROXWLRQFRQWDLQLQJQLWURJHQRXVVSHFLHVDOVRDIIHFWHG
WKHSHUFHQWDJHRI'&)R[LGDWLRQE\)H 9, 7KHUH
VXOWVVKRZHG)H 9, WUHDWPHQWWHFKQRORJ\DSSHDUVWR
EHDSURPLVLQJWRROIRUWKHUHPRYDORI'&)DQGWKH
GHPDQGRI)H 9, GRVHZRXOGYDU\ZLWKWKHFRQFHQ
WUDWLRQRI'&)DQGFRH[LVWLQJFRQVWLWXHQWVLQZDWHU
PDWULFHV

KEYWORDS:
Diclofenac, ferrate(VI), kinetics, FRH[LVWLQJ FRQVWLWXHQWV,
pE value

INTRODUCTION
,QUHFHQWGHFDGHV WKH RFFXUUHQFHRIQRQVWHU
RLGDQWLLQIODPPDWRU\GUXJV 16$,'V LQPXQLFLSDO
ZDVWHZDVWHUWUHDWPHQWSODQWV ::73V DQGDPEL
HQWVXUIDFHZDWHUKDVUHFHLYHGZLGHVSUHDGUHVHDUFK
LQHQYLURQPHQWDOPRQLWRULQJGHJUDGDWLRQDQGSRV
VLEOHELRWR[LFLW\WRDTXDWLFHFRV\VWHPV>@$FWLYH
16$,'VDQGWKHLUPHWDEROLWHVKDYHEHHQZLGHO\GH
WHFWHGDVUDQJLQJIURPWUDFHOHYHOWRȝJ/LQQDWXUDO
ZDWHUVDQGZDVWHZDWHUVDOORYHUWKHZRUOG>@$V
DFODVVRIEURDGVSHFWUXPDQWLLQIODPPDWRU\DJHQWV
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%DWK H[SHULPHQWV DQG DQDO\VHV 7R LQYHVWL
JDWHWKHSHUIRUPDQFHRIIHUUDWH 9, IRU'&)R[LGD
WLRQDVHULHVRINLQHWLFH[SHULPHQWVZHUHFRQGXFWHG
LQ P/FLUFXODWLQJMDFNHWEHDNHUVFRQQHFWHGWRD
WKHUPRVWDWLFEDWKDWΥ'&)VROXWLRQDWGLIIHUHQW
LQLWLDOFRQFHQWUDWLRQRIaP0ZDVREWDLQHG
E\ GLOXWLQJ '&) VWRFN VROXWLRQ ZLWK S+  EXIIHU
VROXWLRQ7KHUHDFWLRQVZHUHLQLWLDWHGE\VSLNLQJH[
FHVV)H 9, VWRFNVROXWLRQLQWRWKH'&)VROXWLRQXQ
GHUUDSLGVWLUULQJ8QOHVVRWKHUZLVHVWDWHGWKHLQLWLDO
FRQFHQWUDWLRQ RI )H 9,  LQ  P/ PL[WXUH ZDV
 P0 ZKLOH WKH '&) FRQFHQWUDWLRQ ZDV 
P07KHGLIIHUHQWDGGLWLYHV 12í12í&Oí1+
&D )H  LQ GLIIHUHQW FRQFHQWUDWLRQV ZHUH DGGHG
LQWR'&)UHDFWLRQVROXWLRQWRH[SORUHWKHLUHIIHFWVRQ
WKHUHPRYDOHIILFLHQF\ Ș RI'&)$WIL[HGWLPHLQ
WHUYDOVP/RIWKHUHDFWLRQOLTXLGZDVUDSLGO\WUDQV
IHUUHG ZLWKD SLSHWWH WRD VPDOOEHDNHUZKLFKFRQ
WDLQHG  ȝ/ RI SUHORDGHG 1D62  0  WR
TXHQFKWKHUHDFWLRQLPPHGLDWHO\7KHUHVXOWLQJVROX
WLRQVZHUHWKHQILOWHUHGWKURXJKȝPPHPEUDQH
ILOWHUVLQWR+3/&YLDOV7KHFRQFHQWUDWLRQRIUHVLG
XDO'&)ZDVPHDVXUHGGLUHFWO\XVLQJ+3/&WRGH
WHUPLQHȘE\WKHIROORZLQJ(T  
c c
K 0 t u100%  
c0
:KHUHF P0 LVWKHLQLWLDOFRQFHQWUDWLRQRI'&)
DQGFW P0 LVWKHUHVLGXDOFRQFHQWUDWLRQRI'&)DI
WHU)H 9, R[LGDWLRQ&KDQJHVLQS+YDOXHVDQGWHP
SHUDWXUHVZHUHQHJOLJLEOHWKURXJKRXWWKHHQWLUHSUR
FHVVDQGDOORIWKHFRQFHQWUDWLRQVRI'&)DQG)H 9, 
UHSRUWHG ZHUH LQLWLDO YDOXHV $OO WULDOV ZHUH FRQ
GXFWHGLQWULSOLFDWHDQGPHDQYDOXHVZHUHTXRWHGDV
UHVXOWV
$QDO\VLVRI'&)ZDVSHUIRUPHGXVLQJD:DWHUV
+3/& V\VWHP FRQVLVWLQJ RI  SXPS DQG 
SKRWRGLRGH DUUD\ GHWHFWRU :DWHUV &RUSRUDWLRQ
0DVVDFKXVHWWV86$ +3/&FRQGLWLRQVZHUHDVIRO
ORZVD&UHYHUVHSKDVHFROXPQ PPîPP
ȝP ZLWKDJXDUGFROXPQ &PPîPP
ȝP WKHPRELOHSKDVHZDVPHWKDQRODQG
ZDWHU FRQWDLQLQJDFHWLFDFLG WKHIORZUDWHZDV
FRQWUROOHGDWP/PLQ7KHLQMHFWLRQYROXPHZDV
X/DQGWKHGHWHFWLRQZDYHOHQJWKZDVVHWDW
QP7KH S+ YDOXHV ZHUH GHWHUPLQHG XVLQJ 0HWWOHU
7HOWDS+PHWHUZKLFKZDVFDOLEUDWHGE\VWDQG
DUGEXIIHUV S+DQG 7KHUHDFWLRQWHPSHU
DWXUH ZDV FRQWUROOHG VLPXOWDQHRXVO\ ZLWK D +;
ZDWHUFU\RVWDW 6KDQJKDL%LORQ,QVWUXPHQWV&R/WG
&KLQD 

)H 9, VLQFHWKH\ZRXOGEHLQKLJKHUFRQFHQWUDWLRQ
FRPSDUHGWRWKHWULPHWKRSULP)HQJHWDO>@KDYH
VKRZQWKDWDQLRQ &Oí62í12íDQG+&2í DQG
PRQRYDOHQWFDWLRQV 1DDQG. KDYHQRLQIOXHQFH
RQWKHUHPRYDORIIOXRURTXLQRORQH+RZHYHUPXOWL
YDOHQW FDWLRQ &D 0J &X DQG )H  LQ ZDWHU
GHFUHDVHGWKHHIILFLHQF\RIIOXRURTXLQRORQHUHPRYDO
E\ )H 9, <DQJ DQG<LQJ >@ KDYH DOVR DFTXLUHG
WKDW KXPLF DFLGV 0Q DQG 1D&O VLJQLILFDQWO\ GH
FUHDVHGWKH UHPRYDOHIILFLHQF\RIEHQ]RSKHQRQH
ZKLOH%UíDQG&XHQKDQFHGWKHUHPRYDO%HVLGHV
1+12í)HDQG)HKDGQRHIIHFWVRQEHQ]R
SKHQRQHUHPRYDOZLWKLQWKHWHVWHGFRQFHQWUDWLRQV
7KHUHIRUHLWLVVWUDWHJLFDOO\VLJQLILFDQWWRHOXFLGDWH
WKHLQIOXHQFHVRIZDWHUFRQVWLWXHQWVRQWKHUHPRYDO
RIPLFURSROOXWDQWVE\)H 9, WUHDWPHQW
7KHREMHFWLYHVRIWKLVVWXG\ZHUHWRLQYHVWLJDWH
WKHSRWHQWLDORI)H 9, R[LGDWLRQRI'&)DVDIXQF
WLRQRILWVLQLWLDOFRQFHQWUDWLRQDQGH[SORUH WKH HI
IHFWVRIWKHDGGLWLRQRIGLIIHUHQWFRQFHQWUDWLRQVRILQ
RUJDQLF LRQV DQG GLIIHUHQW S( YDOXHV LQ V\QWKHWLF
ZDVWHZDWHUVRQWKH)H 9, '&)UHDFWLRQ7KHUHVXOWV
ZHUHYDOLGDWHGE\FRPSDULQJWKHDEVHQFHDQGSUHV
HQFHRIFRH[LVWLQJLRQVLQVSLNHGVDPSOHVSURYLGLQJ
IXUWKHULQVLJKWVLQWRQDWXUDOZDWHUTXDOLW\SDUDPHWHUV
WKDWLQIOXHQFHWKHUHPRYDORIFRQWDPLQDQWVWRHVWDE
OLVKWKHLPSRUWDQFHRIHQYLURQPHQWDOIDFWRUV

EXPERIMENTAL DETAILS
&KHPLFDOVDQGUHDJHQWV$QDO\WLFDOJUDGHGL
FORIHQDF VRGLXP VDOW '&)1D  SXULW\  ZDV
SXUFKDVHG IURP - . &KHPLFDO &R /WG %HLMLQJ
&KLQD 6ROLG.)H2RIaSXULW\ZDVV\QWKH
VL]HGDFFRUGLQJWR*XDQHWDO>@)H 9, VWRFNVR
OXWLRQVZHUHSUHSDUHGIUHVKO\LQDP0.+32
P01D%2EXIIHUDWS+ZKLFKZDVUHSRUWHG
WRVWDELOL]H)H 9, DQGPLQLPL]HDXWRGHFRPSRVLWLRQ
>@6WRFNVROXWLRQVZHUH LPPHGLDWHO\ILOWHUHGXV
LQJ D  ȝP K\GURSKLOLF Q\ORQ V\ULQJH ILOWHU
6KDQJKDL&KLQD DQGXWLOL]HGZLWKLQKRISUHSD
UDWLRQ 7KH )H 9,  FRQFHQWUDWLRQV LQ WKH VROXWLRQ
ZHUHGHWHUPLQHGXVLQJWKHPRODUDGVRUSWLRQFRHIIL
FLHQWRI0FPDWQP>@'&)VWRFN
VROXWLRQVIRUFDOLEUDWLRQZHUHSUHSDUHGE\GLVVROYLQJ
VROLGFRPSRXQGLQXOWUDSXUH0LOOL4ZDWHUDWDFRQ
FHQWUDWLRQ RI  P0 1D62 1D12 1D12
1+ 62 1D&O &D62 DQG )H 62  ZHUH DQD
O\WLFDOJUDGH DQG VXSSOLHG E\ 7LDQMLQ *XDQJIX
&KHPLFDO5HDJHQWV&R/WG 7LDQMLQ&KLQD +LJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/&  JUDGH
PHWKDQROZDVSXUFKDVHGIURP7HGLD&RPSDQ\,QF
86$ $OORWKHUUHDJHQWV 1D62SKRVSKDWHDFH
WLFDFLGHWF ZHUHRIDQDO\WLFDOJUDGH0ȍXO
WUDSXUHZDWHUREWDLQHGIURP0LOOL4:DWHUILOWUDWLRQ
V\VWHP 0LOOLSRUH 86$  ZDV XVHG WKURXJKRXW WKH
H[SHULPHQWDOSURFHGXUHVDQGFKURPDWRJUDSKLFDQDO
\VHV

5HGR[WUDQVIRUPDWLRQRILQRUJDQLFQLWURJHQ
,QRUJDQLFQLWURJHQSULQFLSDOO\LQWKHIRUPVRI12í
12íDQG1+LVW\SLFDOO\SUHVHQWLQWKHHXWURSKL
FDWLRQRIZDWHUV\VWHPV,QWKHQDWXUDOHQYLURQPHQW
WKHORZFRQFHQWUDWLRQRI12íDQG12íLQVXUIDFH
ZDWHUGXHWRXSWDNHRISK\WRSODQNWRQWKHKLJKFRQ
FHQWUDWLRQRI1+LVFDXVHGE\ELRORJLFDOPHWDER
OLVP>@+HUHS(YDOXHLVDSSOLHGWRHYDOXDWHWKH
DELOLW\ RI HOHFWURQ H[FKDQJH RI LQRUJDQLF QLWURJHQ
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VSHFLHVZKLFKLVGHSHQGHQWRQWKHVHDVRQDOYDULDWLRQ
6XSSRVLQJWKHVROXWLRQS+LVDQGWKHWRWDOQLWUR
JHQ FRQFHQWUDWLRQ LV  P0 VHYHUDO IRUPXODV DUH
OLVWHGEHORZIRUFDOFXODWLRQRIS(YDOXHV
1
4
1
1
NH   H O  
NO   H   e
6

2

3

pE 5.82  lg

6

4

RESULTS AND DISCUSSION
'HJUDGDWLRQNLQHWLFVRI'&)$VHULHVRI'&)
R[LGDWLRQ H[SHULPHQWV YLD )H 9,   P0  ZHUH
FDUULHGRXWDWS+DQGΥWRGLVFXVVWKHHIIHFWV
RILQLWLDO'&)FRQFHQWUDWLRQ aP0 RQLWV
GHJUDGDWLRQNLQHWLFV5HVXOWVIURPH[SHULPHQWVWKDW
ZHUHGHVLJQHGWRGHWHUPLQHWKHNLQHWLFSDUDPHWHUVRI
'&))H 9, UHDFWLRQVDUHVXPPDUL]HGLQ)LJ D 
)LJ E VKRZVDWUHQGDQGWKHVORSHRIWKHVHSORWV
\LHOGHG WKH REVHUYHG ILUVWRUGHU FRQVWDQW NREV V 
:KHQ WKH LQLWLDO FRQFHQWUDWLRQ RI '&) ZDV 
DQGP0WKHNREVZDVî

îîîDQGîV
UHVSHFWLYHO\7KHFRUUHVSRQGLQJȘZDVFDOFXODWHGE\
(T  WREHDQG
 UHVSHFWLYHO\ 7KH UHVXOWV VKRZHG WKDW
)H 9,  PLJKW R[LGL]H '&) DQG PRUH WKDQ  RI
'&) ZDV GHJUDGHG ZLWKLQ  PLQ ZKHQ WKH LQLWLDO
FRQFHQWUDWLRQ RI '&) ZDV OHVV WKDQ  P0 ,W
FRXOG EH LQIHUUHG WKDW WKH FRPSOHWH GHJUDGDWLRQ RI
'&)PLJKWEHDFKLHYHGLQWKHFDVHRISURORQJLQJWKH
UHDFWLRQWLPH

2

3

 1/ 6

[NO2 ]  
[NH 4  ]1/ 6

1
5
1
3
NO3  H   e
NH 4   H 2O  
8
4
8
8
[NO3 ]1/8  
pE 6.15  lg
[NH 4  ]1/8
1
1
1
NO3  H   e
NO2   H 2O  
2
2
2

[NO3 ]1/ 2  
[NO2  ]1/ 2
$FFRUGLQJWRWKHUHGR[WUDQVIRUPDWLRQRILQRU
JDQLFQLWURJHQS(YDOXHVDUHGLYLGHGLQWRWKUHHLQ
WHUYDOV  :KHQS(YDOXHLVOHVVHUWKDQWKHSUL
PDU\ IRUP LV 1+ LQ VXUIDFH ZDWHU  :KHQ S(
YDOXHLVDERXWLWH[LVWVFKLHIO\DV12í  :KHQ
S(YDOXHLVDERYHLWH[LVWVPDLQO\LQWKHIRUP
RI12í7KLVVWXG\IRFXVHGRQWKHHIIHFWRIGLIIHUHQW
S( YDOXHV RQ WKH GHJUDGDWLRQ RI '&) GXULQJ IHU
UDWH 9, R[LGDWLRQSURFHVV
7.15  lg

a

0.0

ln(ct/c0)

-0.5

-1.0

-1.5
0.01 mM
0.02 mM
0.03 mM
0.04 mM
0.05 mM

-2.0

-2.5
0

2

4

6

8

10

0.04

0.05

Time (min)

0.01

0.02

0.03

0.0040

b

90

0.0035

70
-1

0.0025
60

0.0020
0.0015

50

kobs
0.0010

¨

Removal efficiency (%)

80
0.0030

kobs (s )

pE

40

0.0005
0.01

0.02

0.03

0.04

0.05

c0 mM

),*85(
D (IIHFWVRILQLWLDO'&)FRQFHQWUDWLRQVRQWKHUHPRYDORI'&)DIWHUPLQUHDFWLRQWLPHDQG
E (IIHFWVRI'&)FRQFHQWUDWLRQVRQNREVDQGȘIRU'&)GHJUDGDWLRQ
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7$%/(
.LQHWLFSDUDPHWHUVRI'&)XQGHUGLIIHUHQW concentrations of 1+
>1+@ P0
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'\QDPLFHTXDWLRQ
OQ FWF ±W
OQ FWF ±W
OQ FWF ±W
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&RUUHODWLRQFRHIILFLHQW 5







0.0
-0.3
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-0.6
-0.9
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0.00 mM
0.05 mM
0.25 mM
0.50 mM
0.75 mM
1.00 mM

-1.5
-1.8
-2.1
-2.4
0

2

4

6

8

10

Time (min)

),*85(
(IIHFWRI12íRQ'&)GHJUDGDWLRQNLQHWLFV
DQGP0WKHNREVRI'&)GHJUDGDWLRQZDVIRXQG
WR EH î î î î
îDQGîVUHVSHFWLYHO\ZKLFKDF
FRXQWHGIRUDQLQFUHDVHLQWKHUHPRYDOHIILFLHQF\RI
'&) IURP  WR  ,W PD\ WKXV EH VXU
PLVHGWKDW1+KDGDVOLJKWHQKDQFHPHQWHIIHFWRQ
WKHGHJUDGDWLRQRI'&)7KHUHVXOWVPD\EHH[SORUHG
DVIROORZV
2QRQHKDQGWKHSRWHQWLDORI)H2í)H 2+ 
FRXSOHV 9LQ EDVLF PHGLXP  LVD OLWWOHKLJKHU
WKDQ WKH SRWHQWLDO RI 11+ FRXSOHV  9 
)H 9,  JRW HOHFWURQV GLIILFXOWO\ IURP WKH UHGXFWLYH
QLWURJHQRIDPPRQLD 1+DQG1+ GXHWRLWVR[L
GDWLRQDELOLW\VR1+FRXOGQRWEHHIIHFWLYHO\R[L
GL]HGWRDKLJKHUYDOHQFHVWDWH HJ1 E\FRQVXP
LQJ)H 9, >@2QWKHRWKHUKDQG1+FRXOGVFDY
HQJH2+íLRQVDQGJHQHUDWH1+ā+2WKXVWKHGH
FUHDVHRIS+YDOXHLVSRVVLEO\GHULYHGIURPDQXPEHU
RI +2 SURGXFHG LQ WKH SUHVHQFH RI 1+ ZKLFK
FDXVHGWKHLQFUHDVHRIUHGR[SRWHQWLDORI)H 9, 7KH
RYHUDOOHIIHFWRI1+RQWKH UHPRYDORI'&) ZDV
FRPSHWLWLYHEHWZHHQWKHWZRIDFWRUVDQGWKH'&)
)H 9, UHDFWLRQZDVIDFLOLWDWHGJHQHUDOO\
7KHUHPRYDOHIILFLHQF\RI'&)ZDVGHILQLWHO\
HQKDQFHG LQ WKH SUHVHQFH RI 12í )LJ   /LQHDU
SORWVRI OQFWF YVWLPHREWDLQHGDW12 íFRQFHQ
WUDWLRQVRIP0SUR
GXFHG NREV RI î î î
îîDQGîVUHVSHFWLYHO\

,WFRXOGEHREVHUYHGIURP)LJWKHUHDFWLRQ
UDWHDQGUHPRYDOHIILFLHQF\LQFUHDVHGZLWKORZHULQJ
LQLWLDO'&)FRQFHQWUDWLRQV7KHUHVXOWFDQEHLQWHU
SUHWDWHG E\ FRQVLGHULQJ WKH UHGXFWLRQ RI HIIHFWLYH
FROOLVLRQVGXULQJWKH'&))H 9, UHDFWLRQSURFHVV
$OWKRXJK WKH LQLWLDO '&) FRQFHQWUDWLRQ ZDV LQ
FUHDVHG WKH LQLWLDO )H 9,  FRQFHQWUDWLRQ ZDV DW D
FRQVWDQWRIP0WKHDPRXQWRIR[LGDQWWKDWZDV
DYDLODEOHIRUWKHGHVWUXFWLRQRISHU'&)ZDVUHGXFHG
WKXV WKH NREV DQG Ș ZLWK UHVSHFW WR '&) ZHUH GH
FUHDVHG7KH UHVXOWV DUH VLPLODU WR WKH SUHYLRXV UH
SRUWV>@
(IIHFWVRI1+DQG12íDGGLWLYHVRQ'&)
GHJUDGDWLRQ,QJHQHUDOLWLVLPSRVVLEOHWKDWWKHUHLV
RQO\RQHSROOXWDQWLQDTXDWLFHQYLURQPHQW7KHUHIRUH
LWLVQHFHVVDU\WRLQYHVWLJDWHWKHLQIOXHQFHVRIRWKHU
FKHPLFDOV FRH[LVWLQJ LQ '&) VROXWLRQ +HUH FRP
PRQ1+12í12í&Oí&DDQG)HZHUHVH
OHFWHGDVLQRUJDQLFLRQVDGGLWLYHVWRVWXG\WKHLUHI
IHFWVRQ'&)R[LGDWLRQE\)H 9, 
6LQFH WKH SUHH[SHULPHQWDO UHVXOWV GHPRQ
VWUDWHG WKDW 1D62 DGGLWLYH KDG OLWWOH LPSDFW RQ
'&) GHJUDGDWLRQ EHKDYLRU WKH HIIHFWV RI 1D  DQG
62íPD\EHLJQRUHGLQWKHIROORZLQJWHVWV>@7KH
HIIHFWV RI 1+ DQG 12í DGGLWLYHV RQ WKH '&)
)H 9, UHDFWLRQVDUHVKRZQLQ7DEOHDQG)LJUH
VSHFWLYHO\$FFRUGLQJWR7DEOHLQWKHSUHVHQFHRI
1+DWWKHFRQFHQWUDWLRQRI
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UHSRUWHGWKDWWKHGHFRPSRVLWLRQRI)H 9, ZHUHDF
FHOHUDWHG LQ WKH HOHFWURO\WH VROXWLRQ FRQWDLQLQJ &Oí
LRQV

(IIHFW RI 12í DQG &Oí DGGLWLYHV RQ '&)
GHJUDGDWLRQ7KHHIIHFWVRIGLIIHUHQWFRQFHQWUDWLRQV
RI12íRQ'&)R[LGDWLRQE\)H 9, DUHVKRZQLQ
)LJ D 7KHLQKLELWLRQUDWH ,5 ZDVLQWURGXFHGWR
H[SUHVVWKHHIIHFWVRILQRUJDQLFLRQVDGGLWLYHVRQWKH
UHPRYDORI'&)DVWKH(TEHORZ
ko,obs  ki,obs
IR
u100%  
ko,obs

:KHUH NREV V LVWKH SVHXGRILUVWRUGHUUDWH FRQ
VWDQWRI'&)LQWKH DEVHQFH RILQRUJDQLFLRQVDQG
NLREV V LVWKHUDWHFRQVWDQWLQWKHSUHVHQFHRILQRU
JDQLF LRQV7KH WKHRUHWLFDO ,5 RI '&) GHJUDGDWLRQ
KDVEHHQGHWHUPLQHGDV
,5 6XP L >HWD ,5 @ 
:KHUH
L 1+
12í
12í
eta (IR)= (ko,obs  ki,obs ) ko,obs u100%  $V VKRZQ LQ
)LJ  D  ZKHQ 12í FRQFHQWUDWLRQV ZHUH DGGHG
IURPWRP0WKHNREVZDVGHFUHDVHGIURP
îWRîV([SHULPHQWDO,5ZDVGH
WHUPLQHG E\ (T   FRUUHVSRQGLQJ WR 
DQGUHVSHFWLYHO\
6LPLODUFRUUHODWLRQFRHIILFLHQWV 5  ZHUH RE
WDLQHGIRUDOOSDUDOOHOWHVW7KHUHVXOWVVXJJHVWHGWKDW
12íFRPSHWHG ZLWK'&)WR UHDFW ZLWK)H 9, VR
WKDWWKHUHPRYDORI'&)E\)H 9, ZDVGHFUHDVHGLQ
ZDWHUFRQWDLQLQJ12í>@
)LJ  E  SUHVHQWV WKH HIIHFWV RI GLIIHUHQW &Oí
FRQFHQWUDWLRQVRQWKHNLQHWLFVRI'&)R[LGDWLRQ$V
REVHUYHG H[SHULPHQWV FRQGXFWHG DW &Oí FRQFHQWUD
WLRQRIP0JHQHU
DWHGWKHFRUUHVSRQGLQJNREVRIîî
î î  î DQG î V
UHVSHFWLYHO\:KHQWKH VSLNHGFRQFHQWUDWLRQRI &Oí
UHDFKHGP0WKH,5ZDVHOHYDWHGIURP
WR7KHDGGLWLRQRI&OíZLOOEHXQIDYRUDEOH
WRWKHUHOHDVHRI&OíIURP'&)GXULQJWKH)H 9, R[
LGDWLRQ > @ %HVLGHV<DQJ DQG<LQJ >@ DOVR

),*85(
(IIHFWRI12í D DQG&Oí E RQ'&)GHJUDGD
WLRQNLQHWLFV
(IIHFWRIS(YDOXHVRQ'&)GHJUDGDWLRQ$OW
KRXJKWKHHIIHFWRIVLQJOHIRUPRILQRUJDQLFLRQVRQ
WKHGHJUDGDWLRQRI'&)KDVEHHQVWXGLHGKRZHYHU
GLIIHUHQW QLWURJHQRXV VSHFLHV PD\ WUDQVIRUP HDFK
RWKHU DW GLIIHUHQW S( YDOXHV 7KXV S( YDOXH LV RI
JUHDWLQWHUHVWWRLQYHVWLJDWHWKHLQIOXHQFHVRIVHYHUDO
QLWURJHQFRQWDLQLQJ LRQV FRH[LVWHQFH RQ WKH '&)
)H 9, UHDFWLRQ

7$%/(
(IIHFWVRIVLPXODWHGS(YDOXHVRQ'&)GHJUDGDWLRQNLQHWLFV
S(
YDOXH
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FRQFHQWUDWLRQ UDQJH RI a P0 ZKLFK PD\
VLJQLILFDQWO\ RSWLPL]H WKH GHJUDGDWLRQ RI '&) ,Q
VWHDG KLJK FRQFHQWUDWLRQV RI )H a P0 
LQLWLDWHGWKHGUDVWLFDOFKDQJHRIS+LQDTXHRXVUHDF
WLRQPHGLDUHVXOWLQJLQWKHVLPXOWDQHRXVDXWRGHFD\
RI)H 9, 

$VFDQEHVHHQIURP7DEOHWKHNREVGHFUHDVHG
JUDGXDOO\ IURP î WR î V ZKHQ WKH
S( YDOXH DOWHUHG IURP  WR  DQG WKHQ LQ
FUHDVHGJUHDWO\IURPîWRîVZKHQ
WKHS(YDOXHYDULHGIURPWR
7KH UHDVRQ IRU WKH DERYH UHVXOWV LV WKDW LQRU
JDQLF1LRQVXQGHUJRUHGR[WUDQVIRUPDWLRQZKHQWKH
S( YDOXH FKDQJHG :KHQ WKH S( YDOXH LV HTXDO RU
OHVVHUWKDQWKHPDMRUIRUPLV1+ZKHQWKHS(
YDOXHLVDERXWWKHPDLQIRUPLV12íZKHQWKH
S(YDOXHLVPRUHWKDQWKHSULPDU\IRUPLV12 í
,W KDV EHHQ FRQILUPHG WKDW 1+ DQG 12í KDYH D
SURPRWLQJHIIHFWRQWKH'&)GHJUDGDWLRQ7KH12í
SURGXFHG D JUHDWHU HQKDQFHPHQW WKDQ 1+ 12í
KDG FRQVLGHUDEOH LQKLELWRU\ HIIHFW LQVWHDG 7KHVH
ILQGLQJVFDQEHH[SODLQHGE\FRQVLGHULQJWKHFRH[
LVWLQJQLWURJHQRXVLRQV7KHUHIRUHDWS(YDOXHVIURP
 WR  WKH FRQFHQWUDWLRQ RI 12í LQFUHDVHG
1+GHFUHDVHG WKH,5ZDVUDLVHGXS6LPLODUO\DW
S( YDOXHV IURP  WR  WKH FRQFHQWUDWLRQ RI
12í LQFUHDVHG 12í GHFUHDVHG  WKH ,5 ZDV GH
FOLQHG&RPSDUHGWKHDFWXDO,5ZLWKWKHWKHRUHWLFDO
,5LWLVREYLRXVWKDWWKHDFWXDO,5LVODUJHUWKDQWKH
VXPRIWKHSDUWLDO,5JHQHUDWLQJIURPWKHLQGLYLGXDO
LRQVZKLFKLQGLFDWHGWKDW1+KDGDQREYLRXVV\Q
HUJLVWLF HIIHFW RQ 12í 6LPLODU UHVXOWV KDYH EHHQ
IRXQGEHWZHHQ12íDQG12í
(IIHFW RI &D DQG )H DGGLWLYHV RQ '&)
GHJUDGDWLRQ )LQDOO\ WKH LQIOXHQFHV RI PHWDO LRQV
&DDQG)H RQWKHUHPRYDORI'&)ZHUHH[DP
LQHG7KH '&) UHPRYDO ZDV LQFUHDVHG LQ WKH SUHV
HQFHRIWZRLRQVLQWKHUHDFWLRQVROXWLRQ )LJ $V
VKRZQLQ)LJ D WKH UHPRYDOHIILFLHQF\RI '&)
ZDVLQFUHDVHG IURPWRDVWKH &D 
FRQFHQWUDWLRQLQFUHDVHGIURPWRP0WKH
ILWWLQJNREVZDVLQFUHDVHGIURPîWRî
 
V 7KHUHVXOWVPD\EHH[SODLQHGE\FRQVLGHULQJWKH
WZRDVSHFWV)LUVWO\&DWHQGWRUHDFWZLWKK\GUR[
\ODWHGGHULYDWLYHRI'&) '&)2+ >@ZKLFKKDV
ZHDN DFLGLW\ 6HFRQGO\ WKH IRUPDWLRQ RI &D 2+ 
FDXVHGDGHFUHDVHRIS+LQVROXWLRQ>@ZKLFK
HQKDQFHGWKHR[LGDWLRQDELOLW\RI)H 9, 
6LPLODUO\DVFDOFXODWHGLQ)LJ E OLQHDUSORWV
RIOQ FWF YVWLPHREWDLQHGDW)HFRQFHQWUDWLRQV
RIP0JDYHNREV
RI î î î î 
î DQG î V UHVSHFWLYHO\ :KHQ
)H 62  ZDV DGGHG LQWR WKH UHDFWLRQ VROXWLRQ DW
aP0RI)H)HVLJQLILFDQWO\HQKDQFHG
WKH UHPRYDO HIILFLHQF\ RI '&) IURP  WR
$QH[SODQDWLRQPD\EHWKDW)HLRQVPRVW
OLNHO\IRUPHGFRPSOH[HVZLWKGHULYHG'&)2+>
@WKHUHE\)H 9, PD\UHDFWPRUHTXLFNO\ZLWKSDU
HQWFRPSRXQG+RZHYHULWVKRZHGDFRQWLQXRXVGH
FOLQH LQ WKH UHPRYDO UDWH RI '&) IURP  WR
DWaP0RI)H2IQRWHWKHHIIHFW
RI)HRQWKH)H 9, R[LGDWLRQRI'&)ZDVUHODWHG
WR WKH S+ RI UHDFWLRQ VROXWLRQ 7KH S+ YDOXH ZDV
VOLJKWO\ GHFUHDVHG ZLWK WKH LQFUHDVLQJ )H DW ORZ

),*85(
(IIHFWRI&D D DQG)H E RQ'&)GHJUDGD
WLRQNLQHWLFV

CONCLUSIONS
Ɣ7KLVVWXG\KDVGHPRQVWUDWHGWKDWIHUUDWH 9, 
KDGDQDSSUHFLDEOHUHDFWLYLW\ZLWK'&)LQV\QWKHWLF
ZDWHUV7KHGHWHUPLQHGNREVZDVIURPîV
WR î V DV WKH LQLWLDO '&) FRQFHQWUDWLRQV
ZHUHLQFUHDVHGIURPWRP0
Ɣ &RH[LVWLQJ LQRUJDQLF QLWURJHQRXV VSHFLHV
VXFKDV1+12íDQG12íZHUHGHSHQGHQWRQS(
YDOXHVZKLFKWKHUHE\FRXOGLQIOXHQFHSRVLWLYHO\RU
QHJDWLYHO\WKHUHPRYDORI'&)E\)H 9, 7KHSUR
SRVHG UHDVRQV ZHUH H[SODLQHG E\ FRQVLGHULQJ WKH
FRPSHWLWLRQUHDFWLRQZLWK)H 9, EHWZHHQ'&)DQG
FRQVWLWXHQWV DQG UHGR[ SRWHQLDO FKDQJH RI
)H 9, )H 2+ 
Ɣ7KHSUHVHQFHRIPHWDOFDWLRQV &DDQG)H 
LQPL[WXUHVLQFUHDVHGWKHUHPRYDOHIILFLHQF\RI'&)
E\)H 9, 7KHVLPXOWDQHRXVDXWRGHFRPSRVLWLRQRI
)H 9,  DQG WKH IRUPDWLRQ RI FDWLRQ'&)2+ FRP
SOH[PD\EHUHVSRQVLEOHIRUWKHHIIHFWRIWKH PHWDO
LRQV
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2[LGDWLRQ RI GLFORIHQDF E\ DTXHRXV FKORULQH
GLR[LGH ,GHQWLILFDWLRQ RI PDMRU GLVLQIHFWLRQ
E\SURGXFWV DQG WR[LFLW\ HYDOXDWLRQ 6FLHQFH RI
WKH7RWDO(QYLURQPHQW
[8] 0DUFR8UUHD ( 3HUH]7UXMLOOR 0 &UX]
0RUDWR&&DPLQDO*DQG9LFHQW7  
'HJUDGDWLRQ RI WKH GUXJ VRGLXP GLFORIHQDF E\
7UDPHWHVYHUVLFRORUSHOOHWVDQGLGHQWLILFDWLRQRI
VRPH LQWHUPHGLDWHV E\ 105 -RXUQDO RI
+D]DUGRXV0DWHULDOV  
[9] $FKLOOHRV $ +DSHVKL ( ;HNRXNRXORWDNLV
13 0DQW]DYLQRV ' DQG )DWWD.DVVLQRV '
  )DFWRUV DIIHFWLQJ GLFORIHQDF GHFRPSR
VLWLRQ LQ ZDWHU E\ 89$7L2 SKRWRFDWDO\VLV
&KHPLFDO(QJLQHHULQJ-RXUQDO  
[10] 7DJJDUW 0$ &XWKEHUW 5 'DV '
6DVKLNXPDU&3DLQ'-*UHHQ5()HOWUHU
<6KXMW]6&XQQLQJKDP$$DQG0HKDUJ
$$   'LFORIHQDF GLVSRVLWLRQ LQ ,QGLDQ
FRZ DQG JRDW ZLWK UHIHUHQFH WR *\SV YXOWXUH
SRSXODWLRQ GHFOLQHV YRO  SJ   
(QYLURQPHQWDO3ROOXWLRQ  
[11] 7ULHEVNRUQ5&DVSHU++H\G$(LNHPSHU
5.RKOHU+5DQG6FKZDLJHU-  7R[LF
HIIHFWV RI WKH QRQVWHURLGDO DQWLLQIODPPDWRU\
GUXJ GLFORIHQDF 3DUW ,, F\WRORJLFDO HIIHFWV LQ
OLYHUNLGQH\JLOOVDQGLQWHVWLQHRIUDLQERZWURXW
2QFRUK\QFKXV P\NLVV  $TXDWLF WR[LFRORJ\
$PVWHUGDP1HWKHUODQGV   
[12] +HUQDQGR0'0H]FXD0)HUQDQGH]$OED
$5DQG%DUFHOR'  (QYLURQPHQWDOULVN
DVVHVVPHQW RI SKDUPDFHXWLFDO UHVLGXHV LQ
ZDVWHZDWHU HIIOXHQWV VXUIDFH ZDWHUV DQG
VHGLPHQWV7DODQWD  
[13] <DQJ %<LQJ ** =KDQJ /- =KRX /-
/LX6DQG)DQJ<;  .LQHWLFVPRGHOLQJ
DQGUHDFWLRQPHFKDQLVPRIIHUUDWH 9, R[LGDWLRQ
RIEHQ]RWULD]ROHV:DWHU5HVHDUFK  

[14] -LDQJ-4  $GYDQFHVLQWKHGHYHORSPHQW
DQG DSSOLFDWLRQ RI IHUUDWH 9,  IRU ZDWHU DQG
ZDVWHZDWHU WUHDWPHQW -RXUQDO RI &KHPLFDO
7HFKQRORJ\DQG%LRWHFKQRORJ\  
[15] =KRX = DQG -LDQJ -4   5HDFWLRQ
NLQHWLFVDQGR[LGDWLRQSURGXFWVIRUPDWLRQLQWKH
GHJUDGDWLRQ RI FLSURIOR[DFLQ DQG LEXSURIHQ E\
IHUUDWH 9, &KHPRVSKHUH66
[16] $QTXDQGDK *$. 6KDUPD 9. 3DQGLWL
95*DUGLQDOL35.LP+DQG2WXUDQ0$
  )HUUDWH 9,  R[LGDWLRQ RI SURSUDQRORO
.LQHWLFV DQG SURGXFWV &KHPRVSKHUH   

[17] <DQJ % .RRNDQD 56 :LOOLDPV 0<LQJ
** 'X - 'RDQ + DQG .XPDU$  
2[LGDWLRQRIFLSURIOR[DFLQDQGHQURIOR[DFLQE\
IHUUDWH 9, 3URGXFWVLGHQWLILFDWLRQDQGWR[LFLW\
HYDOXDWLRQ-RXUQDORI+D]DUGRXV0DWHULDOV

[18] $QTXDQGDK *$. 6KDUPD 9. .QLJKW
'$ %DWFKX 65 DQG *DUGLQDOL 35  

Ɣ 7KH )H 9,  GHPDQG RI WKH VDPSOHV YDULHG
ZLWKWKHFRQFHQWUDWLRQVRI'&)DQGFRQVWLWXHQWVRI
ZDWHUPDWULFHV
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CLIMATE CHANGE IMPACTS UNDER CMIP5 RCP
SCENARIOS ON AGRICULTURAL DROUGHT AND CROP
VIRTUAL WATER CONTENT
Alireza Nikbakht Shahbazi*
Department of Water Sciences and Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran.

to this sector. Due to special climatic condition of the
country and poor temporal and spatial distribution of
rainfall, irrigated farming is the main form in food
production. Despite, somehow, the same dry and irrigated cultivation in the country, the highest production is obtained through irrigation, so that during
the last 5 years almost always close to 90 percent of
total Iran agricultural production has been by irrigated cultivation. To meet the food needs until the
year 1410, based on approximate 2600 kcal/day
more than 150 billion cubic meters of annual water
will be required that is not available in water cart of
Iran. Drought is a major abiotic environmental stress
factor that limits plant growth and development in
several parts of the world, especially in semiarid areas [1]. In at globalizing world, where problems increase with the effect of warming and climate
changes, it is thought that a decrease in usable freshwater bodies will pose a serious problem [2]. High
temperature and drought reduce the crop yield and
quality. So, the importance of drought on grain yield
was increased [3]. Global warming and climate
change also gradually reduce available water resources for irrigation in various parts of the world
[4]. Allan presented the term virtual water for the
first time. In the last decade, this concept was paid
attention to by most researchers of water industry
[5]. The term virtual water content connects water,
food, and trade together and is the opposite of water
efficiency. The estimation of import and export of
virtual water on international scale and within countries can be considered as an effective strategy for
optimal use of water and soil resources based on the
potential of each region. Within-country virtual water with efficient use of national resources and domestic capacities can reduce national water consumption and increase agricultural productivity.
Moreover, global warming is happening and the climate is changing, and climate change and climatic
fluctuations have the risk of more damage. As the
increase of this possibility for future periods can
cause harmful effects to human societies, it is essential to study future periods of drought conditions affected by climate change. Given the importance and
urgency of this matter and little research done in this
regard, local and regional impacts of climate fluctuations on agricultural drought and the virtual water
content of crops are of particular importance. These

ABSTRACT
The aim of this study is to investigate climate
change impact on agricultural drought and its combined effect on crop virtual water content (VWC) in
future periods. CanESM2 climate data under two
representative concentration pathways (RCP) scenarios were used in Khouzestan province located in
southwestern of Iran. Through CanESM2 data, rainfall and maximum and minimum temperature of the
selected meteorological stations for three periods
2020-2040, 2070-2050, and 2080-2100 predicted
and compared with the base period (1990-2011). Statistical downscaling method was used to downscale
CanESM2 data by SDSM. Agricultural Drought Index (RDI) in Khouzestan province was calculated
using six weather stations data. Crop Virtual Water
Content (VWC) was calculated according to the information available for selected crops including
wheat, barley, rice, maize and sugar cane. Model calibration and validation was performed. Agricultural
drought indices, crop potential evapotranspiration,
and average VWC were obtained with the data generated in future periods. The results showed that the
average temperature in all selected stations and in
two RCP scenarios increases and this increase is
higher in RCP8.5 than RCP4.5 scenario. The average rainfall in 2060s and 2090s reduces. The highest
temperature rise in Khouzestan is 4.6°C on average
in 2090s under RCP8.5 scenario, and the lowest decrease in temperature is in 2030s approximately 1°C
under RCP4.5 scenario. The VWC obtained for all
crops has increasing trend, but this increase shows
more increase for rice and corn on average during
2060s and 2090s.

KEYWORDS:
Climate change, agricultural drought, virtual water content, statistical downscaling, Khouzestan.

INTRODUCTION
Agricultural sector has a vital role in the national economy and food production in Iran, so that
about 27 percent of the country's gross domestic
product and 22 percent of the workforce are related
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changes are even more important in fertile agricultural areas such as Khouzestan located in southwestern Iran (Fig. 1).
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MATERIALS AND METHODS
The study area includes six cities in
Khouzestan located in southwestern Iran.
Khouzestan is located LQIURP¶WR¶(DVW
ORQJLWXGH DQG IURP ¶ WR ¶ 1RUWK ORQJL
tude. Data from six meteorological stations in
Khouzestan were used. Khouzestan includes three
sub-basins namely Karkhe, Karun, and JarahiZohreh. The length of statistical data period used in
this study is 20 years (from 1990 to 2011). In Tab. 1,
the profile of weather stations used can be seen.
Crop Evapotranspiration. Meteorological
stations data were used to calculate the average crop
evapotranspiration during the growing season.
Moreover, National Water Document of Khouzestan
has offered the average water requirement of wheat,
barley, rice, corn, and sugar cane crops during
growth period. In this study, Hargreaves±Samani
(HS) model was used to estimate evapotranspiration:
ܶܧ ൌ ͲǤͲͳ͵ͷܴ ்ܭ ܶܦǤହ ሺܶ  ͳǤͺሻ

FIGURE 1
Study area.
Several researchers have studied the impact of
climate change on meteorological and hydrological
drought indexes such as RDI and SPI in watershed
scale by statistical downscaling methods [6, 7, 8, 9,
and 10]. Nevertheless, the effect of various conditions such as drought, climate change, and the different areas climate on agricultural production and water consumption have also been noted in several
studies. However, climate change impacts on water
resources studies seldom pay attention to crop production. Few studies link water, crop production and
climate change together [11, 12, 13, 14]. Babazadeh
and Sarayi examined the agriculture in Hormozgan
from the perspective of virtual water content [15].
Dehghan Manshadi et al. estimated virtual water
content in watershed and examined its role in interbasin water transfer [16]. Arabi Yazdi et al. have carried out agricultural water-footprint assessment in
accordance with the virtual water [17]. Zhao et al.
examined the effects of climate change on virtual
water content in China. They used a GIS-based
model under the name GEPIC (GIS-based Environmental Policy Integrated Climate) for the spatial distribution of the different crop virtual water in China
and examined climate change impact on virtual water with various scenarios. Changes in temperature
and precipitation can have negative effects on crop
production and particularly virtual water content in
future periods [18].
The primary goal of this study is to investigate
the impact of climate change on agricultural drought
and its combined effects on agricultural production
and virtual water content (which is defined as the
amount of water used to produce per unit of crop
product, or drops per crops) in future periods.

 ்ܭൌ ͲǤͲͲͳͺͷܶܦǤହ െ ͲǤͲͶ͵͵ܶ ܦ ͲǤͶͲʹ͵

ܶ ܦൌ ܶ௫ െ ܶ

(1)

ܶܧ ൌ ܭ

Tmax and Tmin are the daily minimum and maximum temperature, respectively in °C, Ra is solar radiation in the upper atmosphere that takes different
values for different months and different latitudes,
and KT is the correction coefficient. KC is the crop
factor and obtained for various products from FAO
journal.
Virtual Water Content (VWC). Virtual water
content of selected crops was calculated from the following equation:
ܷܹܥ
ܶܧ
(2)
ܸܹ ܥൌ
ൌ ͳͲ
ܲ
ܻ
Where VWC is the crop virtual water content in
terms of m3/kg, CWU (Crop Water Use) is crop seasonal water consumption in terms of m3, P is crops
production in kg, ET is crop evapotranspiration in
planting season, and Y is yields per unit area in
kg/hectare.
In this study, according to objective that is evaluating the strategic products and production whose
data is available, wheat, barley, rice, corn and sugar
cane, according to the National Weather Document
of Khouzestan, evapotranspiration was obtained and
the average of actual evapotranspiration of products
were used during the cultivation period.
The average crop production of each city was
taken from ministry of Agricultural affairs and each
crop virtual water content was calculated. Wheat and
barley are planted both in irrigated and rainfed lands
in Khouzestan. The cultivation of rice, maize, and
sugar cane is just in irrigated form. The virtual water
for each crop was calculated separately.

6702

© by PSP

Volume 26 ± No. 11/2017 pages 6701-6711

Fresenius Environmental Bulletin

TABLE 1
Meteorological stations characteristics in Khouzestan province
Station Name
Ahvaz
Abadan
Masjedsoleiman
Dezful
Bostan
Ramhormoz

Longitude
48,44,39
48,12,53
49,14,26
48,25,59
48,00,36
49,35,47

Longitude
31,20,44
30,22,37
32,00,03
32,15,12
31,42,28
31,16,22

Elevation (m)
22.5
6.6
320
82
8.6
150

TABLE 2
RDI values and corresponding climatic conditions
RDI
>2
1.5-1.99
1-1.49
0.99 to -0.99
-1 to -1.49
-1.5 to -1.99
< -2

Drought Category
Extremely wet
Severe wet
Moderately wet
Normal
Extremely drought
Severe drought
Moderately drought

CMIP5 RCP Scenarios. The fifth report of
IPCC was published in 2014. The fifth report emphasizes socio-economic aspects of climate change and
its role in sustainable development and risk management, and its general framework focuses on reducing
greenhouse gas emissions and adaptation to climate
change stresses. CMIP5 series models in the fifth report are presented by the Intergovernmental Panel on
Climate Change (AR5). In this study, CanESM2
model whose outcomes are applicable for
Khouzestan was used. Fifth report of climate change
is written based on representative concentration
pathways.
Radiative forcing is the difference between radiant energy received from sun and the returned energy by the Earth. Positive forcing (more incoming
solar radiation) increases and the negative force
(more energy out) reduces the temperature of the
Earth system. Climate models use the results of
RCPs scenarios to show the concentration and emissions of greenhouse gas and pollution and land-use
changes. RCP scenarios family includes four different scenarios including: 8.5, 4.5 and 2.6 that vary
based on the level of technology, socio-economic situation and policies in the future that in any condition
can lead to the emission of different levels of greenhouse gases and climate change. In RCP8.5 scenario,
CO2 concentration by 2100, is estimated as 13700
PPM and the effect of greenhouse gases on the radiative forcing is estimated up to 8.5 W/m2. In RCP4.5
scenario, CO2 concentration by 2100, is estimated as
6500 PPM and the effect of greenhouse gases on the
radiative forcing is estimated up to 4.5 W/m2. In this
study, second generation of Earth system models
CanESM2 with fourth-generation Global Climate

Reconnaissance Drought Index (RDI). It is
necessary to have monthly data of total precipitation
and evapotranspiration or annual sum of these two
parameters to determine drought index called RDI.
First, by using the following formula for each year
(i) of the study period, a value as a0 is calculated:

(4)

In this formula, P is precipitation and ET is potential evapotranspiration in the j-th month of year i.
The value of i will vary from one to N (the number
of years for which data are available). If precipitation
and evapotranspiration are calculated annually, there
will be no need to collect the monthly amounts in
this formula. The next step is determining an index
as normal RDI per year that will be calculated by the
following formula:
(5)
In this formula, തതത is the arithmetic average of
the numbers a0 of each year. To calculate the standardized index of RDI, annual values of a0 are logged
and a number called yi is obtained. Then the arithmetic average and Standard Deviation of yi are calculated, then RDI per year will be calculated using the
following formula:
(6)
The interpretation of values obtained by this
method is based on Table 2.
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model calibration, producing current time
weather data using observation independent variables, statistical analysis of observed data, geometric
representation of the model output, and production
of future weather data using the independent variables. Fig. 2 shows downscaling process and production of climate scenarios by SDSM software.
In this study, for statistical downscaling,
CanESM2 model data using SDSM analysis software were used. The data used in this study include
precipitation, minimum and maximum temperature,
daily average temperature, and daily evaporation.
Moreover, NCEP data (Table 3) and CanESM2
model data under radiation scenarios have been used.
NCEP variables include 26 atmospheric variables
from among which independent variables are selected.
As NCEP predictor variables can have different
relationships with predictable data, those variables
are important that have the highest and lowest correlation coefficient variance of the error. SDSM model
was used for selecting the dominant independent
variables. In calibration stage, observed and actual
meteorological statistics were used to compare with
the model. The base period is based on existing data
of all stations from 1991 to 2011. Thus, data from
1991 to 2000 were used for calibration, and data
from 2001 to 2011 were used to evaluate and validate the model. After ensuring the accuracy of the
results of the evaluation of the model and its ability
to simulate meteorological data, the model was implemented for downscaling data of CanESM2 general circulation models, for data generation, or simulating climate data in future periods using climate
scenarios approved by IPCC.

Model developed by Environment Canada Center
for Climate Modeling and Analysis have been used.
Introducing statistical downscaling model
SDSM. In climate research communities, global climate models (GCMs) are regarded as primary tools
for the future climate assessment by producing longterm homogeneous predictions or simulations including future periods. Although GCMs can resolve
synoptic-scale disturbances, they are unable to adequately resolve anomalous surface forcing due to
their coarse spatial resolution (generally >100 km).
To overcome their low spatial resolvability and produce local climatological GDWDVHWVYDULRXV³RIIOLQH´
PHWKRGV ZKLFK DUH DOVR NQRZQ DV ³GRZQVFDOLQJ
PHWKRGV´ KDYH EHHQ GHYHORSHG WKURXJK WZR DS
SURDFKHV QDPHO\ ³VWDWLVWLFDO´ DQG ³G\QDPLFDO´
downscaling. The statistical approach involves the
empirical statistical relationships between large
scale fields and local conditions.
SDSM is a statistical downscaling tools developed by Wilby and Dawson to assess the local impact of climate change. This model, whose core is a
combination of stochastic and regression methods
explains the extreme local climate variability (predictable), is designed by a station of the most influential large-scale variables (predictor). The model
input data is daily monitoring stations (predictable),
large-scale variables NCEP (predictor) in the same
period of large-scale monitoring and output variables General Circulation Models under different
emission scenarios for future study period [19].
Simulation steps are generally summarized in
several stages: quality control and data conversion,
choosing an appropriate independent variable,

FIGURE 2
Downscaling Flowcharts using SDSM models.
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TABLE 3
NCEP variables list.
Predictor
Variable
Pu
Pv
Pzh
P5u
P5v
Wd5
P5zh
P8u
P8v
Wd8
R500
Rhum
Temp

Predictor
Variable
Mslp
Pfu
Mvu
Wd5
Pf5
Mv5
P500
Pa8
Mv8
P850
P8zh
R850
Shum

Description
Near surface Zonal velocity component
Near surface Vortex state
Near surface Divergence
Zonal velocity component at 500 hPa height
Vortex state at 500 hPa
Wind direction at 500 hPa
Divergence at 500 hPa height
Zonal velocity component at 850 hPa height
Vortex state at 850 hPa
Wind direction at 850 hPa
Relative humidity at 500hPa
Near surface relative humidity
Mean temperature at 2m

Description
Mean sea level pressure
Near surface Air flow power
Meridional velocity component
Wind direction at 500 hPa
Air flow power at 500 hPa
Meridional velocity component at 500 hPa height
500 hPa geopotential height
Air flow power at 850 hPa
Meridional velocity component at 850 hPa height
850 hPa geopotential height
Divergence at 850 hPa height
Relative humidity at 850 hPa height
Near surface specific humidity

2

AHVAZ

1
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BOSTAN

2014

2013

2012

2011
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2005
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0
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FIGURE 3
Drought index (RDI).

VIRTUAL WATER CONTENT

RDI

3

18
16
14
12
10
8
6
4
2
0

IRRIGATED
WHEAT

RAINFED
WHEAT

IRRIGATED
BARLEY

RAINFED
BARLEY

RICE

CROP
FIGURE 4
The average virtual water content.

6705

CORN

SUGAR CANE

Volume 26 ± No. 11/2017 pages 6701-6711

VIRTUAL WATER CONTENT

© by PSP

9
8
7
6
5
4
3
2
1
0

Fresenius Environmental Bulletin

WHEAT
BARLEY
RICE
CORN
SUGAR CANE

AHVAZ

ABADAN

DEZFUL

MASJEDSOLEIMAN

RAMHORMOZ

AVE.

STATION

FIGURE 5
The average virtual water content for each crop.
TABLE 4
The results of screening data (Ahvaz meteorological station).
No.
1
2
3
4
5
6
7
8
9
10

Predictand Variable
Precipitation
Precipitation
Precipitation
Precipitation
Precipitation
Precipitation
Temperature
Temperature
Temperature
Temperature

Predictor variable
P850
Wd8
Mslp
Shum
Temp
P8u
P500
Mslp
Wd5
Temp

P-value
0.091
0.0196
0.0465
0.06
0.07
0.05
0.1
0.01
0.02
0.001

Partial r
0.031
-0.04
0.037
-0.003
0.02
0.001
0.02
0.05
0.025
0.027

TABLE 5
The results of calibration and verification of temperature and precipitation
 Temperature
Station
Ahvaz
Abadan
Bostan
Dezful
Masjedsoleiman
Ramhormoz

Validation Variance
 (%)
 73
 84
 52
 69
 75
 65

 SE
 2.5
 1.5
 1.1
 0.52
 0.89
 0.65

 Precipitation
Calibration Variance
 (%)
 67
 75
 85
 64
 66
 73

Validation Variance
 (%)
 78
 88
 94
 90
 92
 81

 SE
 0.45
 0.32
 0.46
 0.15
 0.17
 0.26

Calibration Variance
 (%)
72
 74
 87
 85
 84
 75

TABLE 6
Changes in precipitation and evapotranspiration under RCP4.5 and RCP8.5 in Khouzestan
2030s
2020-2040
GCM

 RCP4.5
 RCP8.5

 ¨T (°C)
 0.93
 1.7

 ¨P (%)
 1.6
 2.9

2060s

 ¨ET (%)
 5.1
 8.2

 2050-2070
 ¨T (°C)  ¨P (%)  ¨ET (%)
 2.2
3
6.6
 2.7
 -4
 12

2090s

 2080-2100
 ¨T (°C)  ¨P (%)  ¨ET (%)
 2.7
 -5
 10
 6.2
 -10.2
 22

Given the correlation of daily rainfall data and
maximum and minimum temperatures with data
from NCEP, predictor variables were identified from
among 26 NCEP variables. Daily rainfall has the
highest correlation with Mslp, P850, Rhum, P8u,
Wd8 and Temp variables at Ahvaz station. Average
temperature shows the highest correlation with
Mslp, P500, Wd5 and Temp variables. The results of

RESULTS AND DISCUSSION
In order to investigate historical agricultural
drought, RDI was calculated and shown at selected
stations in Fig. 3. Calculated average virtual water at
each station is shown for various crops in the whole
province and separately for each station for monitoring period in Fig. 4 and Fig. 5.
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Mean changes in precipitation and evapotranspiration under two RCP4.5 and RCP8.5 scenarios are given in the Table 6. Temperature on average increases in all selected scenarios, this increase
is higher in case of RCP8.5 compared to RCP4.5,
and precipitation reduce in 2060s and 2090s. Highest
increase on average of temperature in Khouzestan is
about 4.6° C in 2090s under RCP8.5 and decrease in
temperature in 2030s is about 1° C under RCP4.5.

screening of variables of temperature and precipitation with 10% confidence limit and the P-value and
Partial r selected are cited in Table 4.
Model calibration and validation results are
given in Table 5. Variance and standard error of calibration data are obtained based on average values of
each month, while the variance values of validation
have been obtained from average monthly rainfall of
generated and observed values.

2030s
Min Temp. (°C)
Max Temp. (°C)
Rainfall Variation (%)
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FIGURE 6
Monthly changes in precipitation, maximum and minimum temperature per month compared to the
baseline.
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under RCP4.5. The minimum and maximum
temperature decreases and increases, respectively, in
most months of the year in 2090s, and precipitation
has sharp decrease compared to the observed period
under RCP8.5, and decrease occurs in January, February, and December, although precipitation will increase from August to October.
According to downscaling precipitation values
obtained under RCP4.5 and RCP8.5 scenarios from
SDSM model, 12-month RDI index for 2030s, 2060s
and 2090s was predicted and compared with the base
period. Results for 2030s are provided in Fig. 7. RDI
drought index changes showed that on average, frequency and severity of droughts compared to the
monitoring period have no significant difference in
the 2030s, but droughts frequency increases about 20
and 35% in 2060s and 2090s, respectively.

The monthly precipitation changes compared
to the baseline as a percentage and monthly minimum and maximum temperature changes in °C in future periods under two RCP scenarios are shown in
Fig. 6. In most months, minimum temperature in
2030s decreases under RCP4.5, while under
RCP8.5, increase in minimum temperature occurs.
During 2030s, maximum annual precipitation
change rate is about 8 percent in December and minimal changes occur in September and July.
The maximum and minimum temperature variation compared to the monitoring period under two
RCP scenarios from June to November has an increasing trend in 2060s. Precipitation variation under
RCP8.5 for most months on average is declining and
the sharpest decline occurs in November, while most
months are associated with increased precipitation

4
3
2
1
0
-1
-2

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

AHVAZ

1 2 3 4 5 6 7 8 9 101112131415161718192021

ABADAN

AHVAZ(OBSERVED)

4
2
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

-2
-4
BOSTAN

3
2
1
0
-1
-2
-3

3
2
1
0
-1
-2
-3
-4

1 2 3 4 5 6 7 8 9 101112131415161718192021

BOSTAN(OBSERVED)

4
2
0
1 2 3 4 5 6 7 8 9 101112131415161718192021

-2
-4

ABADAN(OBSERVED)

DEZFUL

3
2
1
0
-1
-2
-3

1

3

5

7

DEZFUL(OBSERVED)

9

11 13 15 17 19 21

RAMHORMOZ

MASJEDSOLEIMAN

RAMHORMOZ(OBSERVED)

RAMHORMOZ(OBSERVED)

FIGURE 7
12-months RDI at each station compared to the monitoring period (2030s).
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FIGURE 8
Impacts of climate change on Crop Virtual Water Content.
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FIGURE 9
Impacts of climate change on Crop Virtual Water Content compared to Base period.

The most increase of virtual water compared to baseline is in Ahvaz station for each crop in 2090s, and
the largest percentage increase is related to corn. In
Dezful station, rice VWC is 6.4 m3/kg. Wheat, barley, and corn VWC is about 1.43, 2.82, and 2.36
m3/kg respectively. Rice VWC in Masjedsoleiman
station, is about 11 m3/kg. Moreover. In this station,
wheat VWC is low and reaches 0.53 m3/kg, and the

The average crop virtual water in each station
under RCP scenarios in Ahvaz, Dezful, Masjedsoleiman and Ramhormoz are shown in Fig. 8. Calculated crop virtual water content for all agricultural
products studied has increasing trend, but this increase for rice and corn, on average, showed more
increase during 2060s and 2090s, so that for example
in Ramhormoz station in 2060s, it reaches 7 m3/kg.
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maximum amount of barley VWC is 5.7 m3/kg. In
Ramhormoz station, VWC of wheat, barley, rice,
and corn reach up to 2.42, 4, 6.94, and 2.45 m3/kg.
Climate change impacts on virtual water compared
to baseline on average in Khouzestan are shown in
Figure 8. The largest increase for wheat is in 2030s
and the largest decline is related to barley crop in
2030s. This could be due to the cultivation of barley
in 2030s and the relationship of virtual water in the
atmosphere by evapotranspiration subject to weather
conditions in the last period.
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(WWTPs) were found to appear gradually rising
emissions of N2O due to the increase of both population and industrial activities [4].
Biological nitrification-denitrification is typically utilized for nitrogen removal through two individual sequential processes: aerobic nitrification
with the terminal conversion of NH4+-N to NO3²-N
and the subsequent anoxic denitrification with the
conversion of NO3²-N to molecular nitrogen [5].
Hybrid system resulted in a better overall nitrogen
removal performance with simultaneous nitrification
and denitrification [6]. Sequencing batch biofilm reactor (SBBR) was usually used in the treatment of
industry wastewater [7]. Another significant concern
of applying conventional biological nitrogen removal to wastewater with low carbon/nitrogen (C/N)
ratios is the emission of greenhouse gases carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O)
[8]. The conditions in the intermittently aerobic partial nitrification-SBBR are inherently more likely to
induce some N2O production. Nitrosospira is the
dominant ammonia oxidizing bacteria (AOB) producing nitrous oxide via the nitrification and denitrification [9]. Various biofilm systems, such as sequencing batch biofilm reactor (SBBR), moving bed
biofilm reactor (MBBR) and fixed bed biofilm reactor (FBBR) etc., are increasingly being applied for
treating various municipal and industrial nitrogencontaining wastewaters [10]. Chiu Y.C. et al. [11]
demonstrated that a low C/N ratio resulted in a rapid
C deficit, causing an unbalanced simultaneous nitrification-denitrification (SND) process in SBR.
When the initial chemical oxygen demand
(COD):NH4+-N ratio was adjusted to 11.1, the SNDbased SBR achieved completely removal of NH4+-N
and COD without leaving any NO2-N in the effluent.
The N2O emission was compared in the activated
sludge from SBRs acclimated in different C/N Effect
of C/N ratio on nitrous oxide emission from swine
wastewater treatment process the total N2O emission
in the operating condition of BOD5/TN ratio of 2.6
was approximately 270 times greater than that in
BOD5/TN ratio of 4.5 [12]. When the C/N ratio was
less than 3.4, the external carbon source was used to
ensure the nitrogen removal efficiency [13].
In this study, nitrification-denitrification was
developed under different C/N ratios first in SBBR.

ABSTRACT
The wastewater treatment process can produce
a large amount of nitrous oxide (N2O), which is an
important source of carbon emissions. Generally the
carbon emissions of the sewage industry accounted
for 1-2% of the total social emissions, so it's necessary to work on reducing carbon emissions immediately and comprehensively. Sequencing Batch Biofilm Reactor (SBBR) is widely used as a kind of effective nitrogen and phosphorus removal process.
The objective of this paper is to assess the N2O emission and treatment efficiency at different carbon/nitrogen (C/N) ratios. The COD removal increased
slowly and then decreased with the increase of C/N
which was above 84%. When the C/N ratio was from
2.5 to 4.5, the NH4+-N concentration decreased rapidly from 13.62mg/L to 7.09mg/L. The TN removal
was mainly concentrated in the anoxic zone and most
of the degradation of TN was completed in the first
one hour during the anoxic process, accounting for
more than 66% of the total removal rate. The N2O
cumulative emission rate and the N2O conversion
rate were 0.70mg and 3.91mg, 1.14% and 6.94% that
had a difference of 5.08 times, respectively. It was
more reasonable to control the influent C/N ratio at
6.5.

KEYWORDS:
Sewage water, Carbon/nitrogen ratio, Biofilm, Nitrous oxide, SBBR

INTRODUCTION
Nitrous oxide (N2O), a powerful greenhouse
gas, has a lifetime of approximately 118 to 131 years
[1]. According to the global warming potentials
(GWP) assessment method, the warming potentials
of N2O are 289, 298 and 153 corresponding to the
time scale of 20, 100 and 500 years, which indicates
life cycle of warming effect of N2O is 190-300 times
lager than warming effect of CO2 and 20-30 times
lager than that of CH4 [2]. The contribution of N2O
to the global greenhouse effect is about 5%-6% [3].
Recently, some wastewater treatment plants
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with the rubber gasket and the cover plate. The inner
packing was made of combined fiber packing and the
biofilm density was 50% (when fiber packing completely fills the whole volume of a reactor in the state
of nature, the biofilm density is 100 %).

The objectives of this study are as follows: (1) to
evaluate the effect of C/N ratios on the nitrogen removal and translocation in SBBR. (2) to determine
the rate of N2O reduction and accumulation in
SBBR. (3) to ensure the more reasonable C/N ratio
for N2O emission reduction with the higher nitrogen
removal.

Experimental Procedure. Six group reactors
were used for parallel test in the experiment. Each
SBBR reactor added methanol to adjust the C/N ratio
and the different C/N ratio were 2.5, 3.5, 4.5, 5.5, 6.5
and 7.5. After 2-day inoculation sewage, it was observed that the biofilm grew up. Then 85 % CODcr
and 87% NH4+-N in each reactor was reduced after
12-day setting up. It was regarded that SBBRs had a
stable performance and the basic process of biofilm
formation was finished.
The reactor had 2 cycles per day and the hydraulic retention time (HRT) was 10h. Each reactor
operation cycle included five stages: Instantaneous
inflow (3 min), anoxic (3 h), aerobic (6 h), settling
(1 h), and discharging (10 min). The draining ratio
(the ratio between the volume of discharging and the
total volume of water in the reactor) was 2/3. The
intermittent aeration mode was used and the aeration
intensity was 4×4L/min. The temperature of the system is maintained at 25Υ with the heater and constant temperature heating magnetic stirrer (85±2).
The pH of the water samples in the reacher was
maintained at 7.
After that, parameters such as COD both in the
influent and effluent were tested and N2O emission
was analyzed with different C/N ratio.

MATERIALS AND METHODS
Sources of inoculated sludge. Test sludge was
obtained from Jiguanshi wastewater treatment plant
with an activated sludge recycle system in Chongqing, China. The activated sludge was dark brown,
flocculent and good settling performance.
Experimental Water Quality. The experimental influent water was from student dormitory in
Chongqing University, Shapingba District, Chongqing, China. Influent water quality is affected by seasons and students' daily life.
The experimental influent contained chemical
oxygen demand (COD) of approximately 160.28
mg/L, total nitrogen (TN) of 57.98 mg/L, ammonia
nitrogen (NH4+-N) of 54.45 mg/L, nitrate nitrogen
(NO3í-N) of 0.48 mg/L, and nitrate nitrogen(NO2íN) of 0.86 mg/L. The ratio of carbon to nitrogen(C/N)
was 2.76. In general, the water quality of organic
matter is low, ammonia nitrogen concentration is
high.

Analytical Methods. COD, TN, NH4+-N,
and NO2²-N were tested according to the
standard methods for the Examination of Water and
Wastewater which was published by the American
Public Health Association [14]. DO was tested by
Dissolved oxygen analyzer (HQ30d) and pH was
tested by HACH sension2 Precision pH meter. N2O
emission was collected from the top of reactor. The
gaseous phase of the head place was taken and sealed
following a fixed interval. Then N2O was analyzed
by electron capture detection [15].

NO3²-N

FIGURE 1
Schematic diagram of SBBR. 1 Gas collection
device, 2 Experimental influent, 3 Experimental effluent, 4 Constant temperature heating stirrer, 5 Rotor, 6 Microporous aeration
head, 7 combined fiber, 8 Rotor flowmeter, 9
air pump

RESULTS AND DISCUSSION
Biofilm domestication. The experimental domestic sewage was added to the test sludge with 8
hours aeration and 4hours precipitation. Then the supernatant, suspended sludge and impurities were discharged. Afterward the above steps were repeated
and the whole process lasted 48 hours.
SBBR were used to remove organics and nitrogen in the municipal wastewater. Fig. 2 shows the
concentrations of COD and NH4+-N in the influent
and effluent and their respective removal during inoculation process. On the second day after inoculation in SBBR, the biofilm formation was partially

SBBR reactor setup. Twelve lab-scale SBBRs
each with a working volume of 5.3 L were used in
this study. Two reactors were set as a group. A schematic diagram of the SBBR reactor was showed in
Fig. 1. Each reactor was 0.3 m in height and 0.15 m
in diameter. Cylindrical column reactor was gastight
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NH4+-N removal began to increase rapidly. After the
twelfth day, NH4+-N removal and effluent concentration remained at a stable level. The removal is
greater than 87% and the average effluent concentration was about 7.5mg/L. During this period, the nitrifying bacteria increased rapidly and the nitrification activity gradually increased. The nitrifying bacteria system of SBBR reactor gradually matured. The
observation of SBBR reactor biofilm growth found
that most of the activated sludge has been attached
to the combined fiber. The surface of biofilm is
mainly granular. The suspended floc sludge is very
few and the sedimentation performance is good. So
it was considered the end of domestication when the
surface structure of the biofilm was very dense and
the distribution of the growth was relatively uniform.

observed on the fiber membrane. However, suspended floc sludge had an overall majority. The
COD removal was only about 56.64% at this time.
The COD removal increased rapidly and reached
more than 85% from the eighth day on. The COD in
the effluent remained stable at 20~30mg/L. So it was
considered that the effluent COD was up to the class
I-B limit specified in the Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant in
China (GB 18918±2002). This showed that the microbial activity has been restored and gradually
adapt to the quality of domestic sewage. At the same
time, the biofilm of SBBR reactor was observed significantly. The biofilm changed from dark brown to
light brown and the amount of sludge increased obviously.
The NH4+-N removal was not obviously increased before 4 days. It was only in the range of
8.04% and 14.08% and the effluent NH4+-N concentration was relatively high. Maybe the growth rate of
nitrifying bacteria was very low and it was very sensitive to the environment. The nitrifying bacteria
needed a long process to adapt to the environment of
dormitory domestic sewage. From the sixth day, the
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COD and NH4+-N removal efficiency during inoculation process
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mainly concentrated in the anoxic zone and most of
the degradation of TN was completed in the first
hour of anoxic process in Fig.4 (a). The influent C/N
ratio influenced on the TN removal in first hour.
When the C/N ratios were 2.5, 3.5, 4.5, 5.5, 6.5, and
7.5, the corresponding TN degradation rates were respectively 19.49%, 31.59%, 42.81%, 46.24%,
49.65%, and 51.46%. The removal effect of anoxic
zone was better along with the higher influent C/N
ratio.
The NH4+-N concentration changed with time
as shown in Fig.4 (b). A marked decline of the NH4+N concentration in the anoxic process was found.
Studies suggested that anoxic microorganism in the
anoxic process adsorbed organics and used assimilable organics and nitrogen as cellular material. The
degradation of NH4+-N was also mainly concentrated in the anoxic zone in the first hour and the removal rate increased with the increase of C/N. TN
mainly existed in the form of NH4+-N with the influent adequate organic matter. So anoxic denitrification was relatively thorough and almost none nitrate
nitrogen was accumulated.
Fig.4 (c) and (d) showed that when the C/N ratio was 2.5, considering the high nitrate nitrogen
concentration residue in the reaction liquid from the
previous processing cycle, the influent nitrate nitrogen concentration was relatively high. Due to the
lack of carbon source in the anoxic process, denitriILFDWLRQ FRXOGQ¶W EH FDUULHG RXW HIIHFWLYHO\ DQG OHG
continuous nitrate accumulation. However, when
C/N was 2.5, the nitrite nitrogen concentration was
very low in the influent and it are distinctly cumulated in the sewage with the reaction. Itokawa et al.
[17] thought that the utilization of nitrite by denitrifying bacteria was lower than nitrate at low C/N ratio.
Main cause leading nitrite accumulation was different rates of nitrite and nitrate reduction. When the
influent C/N ratio is greater than 2.5, the carbon
source of the system was relatively abundant. The
nitrate and nitrite nitrogen in the system were rapidly
reduced by denitrifying bacteria, so there was no accumulation phenomenon in the whole anoxic process.
When the C/N ratios were 2.5 and 3.5, the TN
concentration changed a little in the aerobic process.
But when the C/N ratio was greater than 3.5, the TN
removal increased with the increase of C/N ratio.
The TN removal in the aerobic process was up to
25.88% with the C/N ratio equal 7.5 and it was about
2.03 times of ones with the C/N ratio equal 4.5. The
possible reason was remaining carbon source in the
anoxic process directly or intracellular material storage by microbial. Oxygen diffusion limitation led
the hypoxic biofilm and TN degradation during the
aerobic process was attributed to simultaneous nitrification and denitrification in the SBBR system.
The NH4+-N concentration began to decline
rapidly in Fig.4 (b). Through the calculation of the
average NH4+-N removal rate (ammonia oxidation

The effluent COD concentration was maintained at 21~24mg/L and the removal rate increased
slowly. The removal effect was stably good and different C/N ratios had little effect on the influent
COD concentration. But when the C/N ratio was up
to 7.5, the effluent COD concentration was
59.2mg/L and the COD removal unexpectedly decreased to 87.41%. It was over the class I-B limit that
the influent COD concentration was increased. So
HIIOXHQWZDWHUTXDOLW\GLGQ¶WPHHWWKHVWDQGDUGVIURP
the SBBR system.
It was cause that the degradation of heterotrophic bacteria and denitrifying bacteria on organic
matter had not yet reached the saturated state when
C/N is less than 7.5. Therefore with the increase of
influent COD concentration, the degradation amount
continued to increase. Comprehensive analysis
shows that there are main three necessary factors.
Firstly, low influent C/N ratio was detrimental to the
growth of heterotrophic bacteria and other microorganisms. Due to the lack of organics, heterotrophic
microorganisms accelerated into the endogenous
SKDVH GHFOLQLQJ SHULRG DQG GHDWK SKDVH :KDW¶V
more, the lysis of bacteria caused the increase of dissolved organic matter and macromolecular substance in solution, resulting in relatively high concentration of COD in effluent. Furthermore, the bacterial apoptosis increased the dissolved organic and
macromolecules in the solution. But the higher influent C/N ratio into biological treatment systems improved good nutrition content. It was conducive to
the proliferation of heterotrophic bacteria and other
microorganisms. Secondly, heterotrophic denitrifying bacteria are facultative anaerobic bacteria. Denitrification process required the reduction of nitrates
and nitrites with organic matter as an electron acceptor. The low C/N ratio effected utilization of COD
by denitrifying bacteria. Finally, when the C/N ratio
was greater than 7.5, the degradation of COD was
saturated due to the limited number of microorganisms in the system. With the increase of C/N, the effluent COD concentration increased and the COD removal decreased consequentially.
Fig.3(b) was the curve of COD variation at different C/N ratios in SBBR. The figure showed all of
the different COD concentration in the raw water decreased rapidly after 1h in SBBR system and the
degradation rate were 40%, 49.3%, 57.7%, 59.8%,
63.1%, 64.5%. From third hours later, the degradation rate began to decline rapidly and closed to zero.
Maybe because of the large surface of the biofilm,
the attached microorganism passed through the
sticky layer of the polysaccharide and condensed the
adsorption when contacted with the sewage. The results showed that the initial adsorption removal process is about 30min, and the removal rate of BOD is
up to 70% in the activated sludge system [16].
Effect of C/N ratio on Total Nitrogen and
Ammonia Nitrogen Removal. The TN removal was
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rate) at different C/N ratios were 0.082mg/ (L. min),
0.076mg/ (L. min), 0.064mg/ (L. min), 0.058mg/ (L.
min), 0.053mg/ (L. min), 0.052mg/ (L. min). The
higher the influent C/N ratio was, the lower the ammonia oxidation rate of NH4+-N was. This was because the autotrophic nitrifying bacteria activity was
inhibited with the high C/N ratio and the ammonia
oxidation of nitrifying bacteria was also curbed [18].
The different C/N ratios had a significant impact on nitrate and nitrite in Fig.4(c) and (d). When
the influent C/N ratio was less than 4.5, the concentration of NO3²-N increased gradually with nitrification. The higher the C/N ratio was, the lower the
concentration of NO3²-N was. When the C/N ratio
was greater than 4.5, the NO3²-N concentration
changed a little in the first 2 hours of aerobic process.
At the same time, the increase of C/N concentration
had no significant effect on the concentration at the
end of the reaction. It was because none of carbon
source in the aerobic process achieved simultaneous
nitrification and denitrification at the low organics
concentration. So a large number of nitrate accumulation was occurred. When the C/N ratio was greater
than 4.5, the NO2²-N concentration increased gradually. On the one hand, the heterotrophic bacteria
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consumed a large amount of dissolved oxygen to oxidize organics. Incomplete nitrification led to NO2²
-N concentration accumulation. On the other hand,
simultaneous nitrification and denitrification in the
aerobic period led to accumulation of NO2²-N concentration because of the lower utilization rate of nitrite by denitrifying bacteria.
Effect of C/N ratio on N2O Emission. The
N2O production was mainly concentrated in the first
1 hour and the N2O emission rate decreased gradually with the increase of C/N ratio during the anoxic
process in Fig.5 (a). When the influent C/N ratio was
2.5, the N2O emission rate was 5.33×10-3mg/min.
According to Fig.4 (a) and (d), (1) On the one hand,
when the electron acceptor was inadequate, nitrite
reductase and nitrous oxide reductase competed for
electron acceptor. But nitrous oxide reductase on the
electron affinity was weak. So a large number of
N2O was discharged [19]; On the other hand, when
the low influent C/N ratio, nitrite concentration accumulation produced toxic effects on Nitrous Oxide
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FIGURE 4
nitrogen translocation at different C/N ratio in SBBR



9 10 11

Aerobic process

9
8

1
0

9 10 11

(b)

30

-

-

40

20

Anxoic process

NO3 -N (mg/L)

50

30

NO2 -N (mg/L)

TN (mg/L)

60

C/N was 2.5
C/N was 3.5
C/N was 4.5
C/N was 5.5
C/N was 6.5
C/N was 7.5

60

NH4 -N (mg/L)

70

8

9 10 11

Volume 26 ± No. 11/2017 pages 6712-6719

Anoxic process

Aerobic process

C/N was 2.5
C/N was 3.5
C/N was 4.5
C/N was 5.5
C/N was 6.5
C/N was 7.5

-3

N2O emission rate (10 mg/min)

20
18
16
14
12
10
8
6
4
2
0

Fresenius Environmental Bulletin

   
  

4
N2O emission (mg)

© by PSP

3
2
1
0

0

1

2

3

4

5 6 7
Time (d)

8

2.5

3.5

4.5

9 10 11

5.5
C/N

6.5

7.5

(b)

(a)

FIGURE 5
variation of N2O emission rate at different C/N ratio

electron donors, and maintaining adequate carbon
source was beneficial to N2O emission reduction
[25].
Accumulative emission of N2O gradually decreased in the anoxic process and then increased in
the aerobic process with the increase of the C/N ratio
in Fig. 5(b). On the whole, increasing the influent
C/N ratio led to the increase of N2O emission and
conversion. When the C/N ratio was 2.51 and 7.47,
the cumulative emissions and conversion rates of per
4.5L sewage were respectively 0.70mg and 3.91mg,
1.14% and 6.94%, with a difference of 5.08 times.

reductase to lead the inevitable degassing of N2O. (2)
Denitrifying bacteria mainly used an internal carbon
source as an electron acceptor at the low organics
concentration. The results showed that the final
product was N2O instead of N2 [20]. Denitrification
was carried out by using the external carbon source
with the increase of carbon source. The study found
that when the applied the carbon source is sufficient,
the denitrification process produced a large number
of N2O [21, 22].
The difference of N2O emission at the different
C/N ratio was significant in the aerobic process in
Fig.5(a). There was little N2O emission in the aerobic process at the low C/N ratio (2.5, 3.5). In conjunction with Fig.4(d), almost no accumulation of
NO2²-N at low influent C/N ratio during aerobic
phase was found. The toxic effect of NO2²-N on nitrifying bacteria could be ignored. At this time, N2O
was mainly derived from endogenous denitrification
[17]. The N2O emission rate also increased rapidly
when the C/N ratio increased from 3.5 to 6.5. However, the growth trend of N2O emission rate began to
slow down when the C/N ratio was greater than 6.5.
It was explained from the following two aspects. On
the one hand, the NO2²-N concentration in the high
C/N influent in the aerobic process was relatively
high. The nitrifying bacteria were induced to produce the isomerase (nirK) to reduce the accumulated
nitrite to N2O to eliminate the toxic effects of nitrite
on the cell. Wrage et al. [23] and Kim et al. [24] studies were confirmed that denitrification of nitrifying
bacteria could produce a large amount of N2O with
the nitrite accumulation. On the other hand, the aerobic could occur simultaneous nitrification and denitrification and the lack of the carbon source in the
late reaction would lead to a lot of N2O emission. the
granulation of nitrifying-denitrifying via nitrite process in a sequencing batch reactor (SBR) as well as
N2O emission patterns was investigated. In the process of simultaneous nitrification and denitrification,
the release of N2O was obvious in the absence of

CONCLUSION
SBBR was suitable to treat municipal
wastewater because a large amount of biomass contributed to the COD and TN removal [26].
(1) With the increase of the C/N ratio, the COD
removal increased at first and then decreased. The
degradation of COD was similar at different influent
C/N ratios. But due to the limited microbial degradation of biofilm system, increasing the intake of the
C/N ratio could lead to water quality of the system
not up to standard.
(2) The TN removal was mainly concentrated
in the anoxic process and most of the degradation of
TN was completed in the first 1 hours before hypoxia,
accounting for more than 66% of the total removal.
(3) The NH4+-N concentration had different degrees of degradation in the anoxic and aerobic process at different C/N ratios. But the nitrification in
the aerobic process was the main way of degradation.
(4) The N2O emission mainly came from nitrification in the aerobic process. Accumulative emission of N2O gradually decreased in the anoxic process and then increased in the aerobic process with
the increase of the C/N ratio. The high organics con-
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and denitrification at variable C/N ratio in aerobic granular sequencing batch reactors. Journal
of Food, Agriculture & Environment, 9 (34),
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centration in the aerobic nitrification inhibition process caused the concentration of nitrite accumulation
to a large of N2O emission.
In order to ensure the nitrogen removal efficiency and N2O emission reduction in SBBR system,
it was more reasonable to control the influent C/N
ratio at 6.5.
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ABSTRACT
In the present work, the aim is to determine seasonal changes in the concentrations of Cd, Cr, Cu,
Fe, Pb, Mn, Ni and Zn in the water of Sapanca Lake
and to determine the water quality. Sapanca is one of
lakes which can be used as the resource of drinking
water in Turkey. In addition, Sapanca Lake is one of
the most important drinking water sources for the
province of Sakarya and its surroundings. Ten different stations were chosen as sampling points. Water samples were collected from these stations in January 2016, April 2016, July 2016 and October 2016.
The samples were digested with the use of a microwave digestion procedure. The heavy metal analysis
of samples was carried out using ICP-MS. In general, heavy metal concentrations in the lake water decreased in the following sequence: Fe > Mn > Zn >
Cu > Ni> Cr > Pb > Cd. Concentrations of the heavy
metals Cd, Cr, Cu, Fe, Pb, Mn, Ni, and Zn in the water of Sapanca Lake are at acceptable levels according to WHO (World Health Organization) and TS
266 (Turkish Standard) water standards.

INTRODUCTION
Sapanca Lake is located at the northeast of the
Marmara region of Turkey (Fig. 1). This is a freshwater lake and fed by several streams around it and
partially by groundwater. The lake is being used as
the resource of drinking water by Sakarya city and
industrial aims by the factories and facilities located
in Sakarya and Kocaeli [1].
There are several kind and several types of motorways on the both sides of the Sapanca Lake basin
(TEM, Trans-European Motorways) and a railway
connecting Asia to Europe (Fig. 2) [2]. Though there
is no direct disposal into the lake, industrial, domestic and agricultural chemical pollutants reach to the
lake through surface run off and precipitation, and
increase the level of heavy metals [3, 4].

FIGURE 1
Location of Turkey and Lake Sapanca [1].
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FIGURE 2
Sapanca Lake catchment area [1].
TABLE 1
GPS coordinates of the sampling stations
Sampling station
St. 1
St. 2
St. 3
St. 4
St. 5
St. 6
St. 7
St. 8
St. 9
St.10

GPS coordinates
Latitude
40°43'51.3"N
40°42'10.4"N
40°44'16.5"N
40°43'08.5"N
40°43'60.0"N
40°42'07.1"N
40°43'36.4"N
40°42'50.0"N
40°42'26.6"N
40°43'06.0"N

Longitude
30°19'17.6"E
30°18'14.9"E
30°16'59.7"E
30°16'19.6"E
30°17'39.8"E
30°15'56.3"E
30°13'53.5"E
30°09'16.4"E
30°11'59.6"E
30°13'03.9"E

Highly reliable and sensitive determination of
heavy metals in different real samples such as food,
sediment and water has been achieved with different
analytical techniques such as AAS (with flame,
graphite, cold vapor, hydride generation methods)
electroanalytical methods, ICP-OES, ICP MS and
hydride generation atomic fluorescence [15].
The successful use of these techniques depends
on various conditions: good detection limits, linearity of calibration curves, compatibility with different
acid mixtures for sample dissolution, and low sensitivity to matrix effects [16].

Heavy metals such as Cd, Cr, Cu, Pb and Zn
can be thought as among the most important pollutants in lake ecosystems due to their environmental
persistence, toxicity, and their bioaccumulative and
biomagnification properties in food webs. Heavy
metals can be dispersed to lake ecosystems through
a lot of kinds of resources such as industrial outfalls,
domestic waste, urban sewage, and agricultural and
storm water runoff [5].
In aquatic ecosystems, water contamination
caused by heavy metals is one of the main types of
pollution that may stress the biotic community [6].
Heavy metals such as lead, cadmium and nickel are
toxic to human, animal and environmental health.
Heavy metal pollution is the source of great concern
due to the harmful effects of such metals on human
health and the environment. Heavy metal pollution
is a serious and widespread environmental problem
due to the constant and non-biodegradable properties
of such metals [7-14].

EXPERIMENTAL WORK
Sampling sites description. The main sampling stations shown by the GPS coordinates of this
study in Sapanca Lake are presented in Table 1.
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TABLE 2
The average physicochemical properties in the water samples
Physico-chemical parameters
pH
Dissolved oxygen (mg O2/L)
Conductivity (μS/cm)

The mean values of 10 stations by Month
January 2016
April 2016
July 2016
October 2016
7.97
8.74
8.67
8.19
8.71
9.35
7.14
10.63
252.4
225,1
268.8
249.3

FIGURE 3
The average physico-chemical properties (a, b, c) in water samples

Experimental. The water samples were collected and transported daily to the laboratory. The
samples were collected from 15-30 cm below the
water surface at the ten stations. Selected physicochemical parameters such as pH, conductivity and
dissolved oxygen were monitored in the samples.
The water samples were analyzed using an inductively coupled plasma mass spectrometer (ICP-MS).

duced using a Milli-Q system (Millipore). Calibration was obtained with external standards. Standard
solutions were prepared by diluting a 1000 mg L-1
multi element solution (ICP Multi element Standard
IV, Merck) with the same acid mixture used for sample dissolution. Glassware was cleaned by soaking
with the contact overnight in a 10% (w/v) nitric acid
solution and then rinsed with deionized water.

Instrumentation. Agilent 7700x ICP-MS instrument were used in all the experiments. A CEM
MARS 6 model microwave oven was used for the
digestion of the water.

Sample digestion EPA method 3015A procedure. Using a suitable volumetric measuring and
dispensing device, a 45 mL portion of a well shaken,
homogenized sample was measured and the aliquot
was transferred to a suitable container equipped with
a controlled pressure relief mechanism. 5 ± 0.1 mL
of concentrated nitric acid, or alternatively 4 ± 0.1
mL of concentrated nitric acid, and 1 ± 0.1 mL of
concentrated hydrochloric acid were added and
placed in a fume hood [17]. The vessel was closed

Reagents and calibration. All the reagents
used to prepare the solutions were products of analytical-grade quality (Merck, Germany). High-purity
water (electrical resistivity: 18.2 Mcm) was pro-
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> Zn > Cu > Ni> Cr > Pb > Cd. The highest mean
concentration of Fe in the water was measured at station 8 at 128.41 μg L-1 in January 2016. The highest
mean concentration of Mn in the water was measured at station 5 at 21.25 μg L-1 in January 2016 (Fig.
4). The graphs shown in Fig. 4 indicate the heavy
metal concentrations (μg L-1) in water from ten different stations in January 2016, April 2016, July
2016 and October 2016. There were differences
among the heavy metal concentrations of the ten stations. This result means that heavy metals are moved
to the lake from different sources.
Concentrations of the heavy metals Cd, Cr, Cu,
Fe, Pb, Mn, Ni, and Zn in the water of Sapanca Lake
are at acceptable levels according to WHO (World
Health Organization) and TS 266 (Turkish standard)
water standards (Table 4) [18-21].

and heated in the microwave oven according to EPA
method 3015A.
This method is a performance-based method,
designed to achieve or approach consistent leaching
of the sample through achieving specific reaction
conditions. The temperature of each sample should
increase to 170 ± 5 °C in approximately 10 min and
remain at 170 ± 5 °C for 10 min, or for the remainder
of the 20-min digestion period [17].
We waited until the vessels had cooled to room
temperature before carefully opening the digestion
vessel.

RESULTS AND DISCUSSION
Physicochemical parameters. pH, conductivity and dissolved oxygen values for the water samples were measured on site during the sampling periods. The pH mean values were found to be between
7.97 and 8.74. The limit values of TS-266 are between 6.5 and 9.5. The maximum conductivity of
drinking water is 2500 μS/cm according to TS-266
values [18]. In this study, the annual average conductivity value was 248.9 μS/cm (Table 2 and Fig.
3).

CONCLUSIONS
Lakes are considered to be one of the most versatile ecosystems in the world. In addition, lakes provide protection for freshwater and groundwater reQHZDO /DNHV RQH RI WKH ZRUOG¶V QDWXUDO ZDWHU UH
sources, play an important role in improving local
climate. They also help to improve the environment
by providing natural and beautiful settings. As a result, interventions should be made to reduce anthropogenic discharges into lake basins. Heavy metals
can escalate the contamination of lakes. This leads to
an increase in heavy metal concentrations in humans
and fish. Water means life, so we have to have clean
drinking water. Water is essential to sustain life, and
all creatures should be provided with this satisfactory resource. Improving access to safe drinking water is essential for health. Every effort should be
made to obtain safe drinking water. The origin of
safe drinking water is very important for human life,
and reliable drinking water should not pose a significant risk to people. This is why we must protect our
drinking water resources.

Detection limit. Measurements were made using an ICP-MS instrument. Validation studies of the
ICP-MS measurement method were made, and the
working range was determined. The values that are
underlain by the working range are expressed as
small (<).
Heavy metals in lake water. The heavy metal
analysis results of the water samples taken from
Sapanca Lake in January 2016, April 2016, July
2016 and October 2016 are given in Table 3.
The values of the heavy metals Cd, Cr, Cu, Pb,
Ni, and Zn in the lake water are at very low level,
and below the range of most studies. In general,
heavy metal concentrations in the lake water were
seen to decrease in the following sequence: Fe > Mn

TABLE 3
The average heavy metal concentrations (μg L-1) in the water samples.
Parameters
Cd
Cr
Cu
Fe
Pb
Mn
Ni
Zn

January 2016
Mean
<0.05
0.41
1.77
54.09
0.14
16.90
1.03
1.31

April 2016
Mean
<0.05
0.36
1.03
24.31
0.21
3.79
0.88
1.30
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July 2016
Mean
<0.05
1.13
1.44
14.56
0.32
3.72
1.35
2.91

October 2016
Mean
<0.05
0.21
0.93
16.42
0.12
1.74
0.54
1.55
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FIGURE 4
+HDY\PHWDOFRQFHQWUDWLRQV ȝJ/-1) in water from ten different stations by month
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TABLE 4
TS-266 and WHO quality standards [18, 19]
Parameters (μg L-1)
Cd
Cu
Cr
Fe
Pb
Mn
Ni
Zn

Standards of water quality
TS 266, April 2005
5
2000
50
200
10
50
20
-

WHO, 2011
3
2000
50
10
70
-

ICP-OES determination of trace metals in water
and food samples after their preconcentration on
silica gel functionalized with N-(2-aminoethyl)2,3-dihydroxybenzaldimine. Journal of Industrial and Engineering Chemistry, 27, 245-250.
[10] Ozcan, N. and Altundag, H. (2013) Speciation
of heavy metals in street dust samples from Sakarya 1. Organized industrial district using the
BCR sequential extraction procedure by ICPOES. Chemical Society of Ethiopia, 27, 205212.
[11] Isen, H., Altundag, H. and Keskin, C.S. (2013)
Determination of heavy metal contamination in
roadside surface soil by sequential extraction.
Polish journal of environmental studies, 22,
1381-1385.
[12] Zeng, Y., Lai Z., Yang W. and Gu B. (2017)
Multivariate Statistical Analysis of Heavy Metals in Water from the Pearl River Watershed,
South China. Fresen. Environ. Bull., 26, 33503357.
[13] Mutlu, E. and Kurnaz, A. (2017) Determination
of Seasonal Variations of Heavy Metals and
PhysicochePLFDO 3DUDPHWHUV LQ 6DNÕ] 3RQG
(Kastamonu-Turkey). Fresen. Environ. Bull.,
26, 2807-2816.
[14] Shehu, A., Vasjari, M., Baraj, E., Lilo, R. and
Allabashi, R. (2016) Contaminations Status of
Erzeni River, Albania Due to Heavy Metals
Spatial and Temporal Distribution. Fresen. Environ. Bull., 25, 525-533.
[15] Bagda, E., Altundag, H. and Soylak, M. (2017)
Highly simple deep eutectic solvent extraction
of manganese in vegetable samples prior to its
ICP-OES analysis. Biological Trace Element
Research DOI 10.1007/s12011-017-0967-5.
[16] Bettinelli, M., Beone, G.M., Spezia, S. and
Baffi, C. (2000) Determination of heavy metals
in soils and sediments by microwave-assisted
digestion and inductively coupled plasma optical emission spectrometry analysis. Analytica
Chimica Acta, 424, 289-296.
[17] US EPA Test Method 3015a (2007) Microwave
DVVLVWHGDFLGGLJHVWÕRQRIDTXHRXVVDPSOHVDQG
extracts
https://www.epa.gov/sites/production/files/2015-12/documents/3015a.pdf
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More specifically, thinning alters the nutrient
contents of leaf litter: for example, thinning may increase or decrease the nitrogen (N) concentration of
leaf litter [18], and higher N concentrations in the litter are known to increase the rate of decomposition
and N release [19].
In Turkey, the eastern Black Sea region gets the
highest precipitation, and leaching of nutrients and
high acidity are common problems of forest soils of
this region²which may be solved by liming and application of fertilizers [20, 21, 22, 23]. Liming increases soil pH and facilitates the uptake of some nutrients, thereby boosting plant growth [20]. Several
studies have reported a significant increase in the
dbh in young forest stands after liming [21, 22, 23].
In areas of excess rainfall, N is also leached together with some other nutrients; therefore, N availability is limited [24]. Application of N fertilizers
has been shown to increase root biomass, leaf biomass, and the dbh significantly [25, 26, 27, 28, 29],
and significantly greater values of the dbh were observed when lime, N, and other fertilizers were applied together [30, 31]
Research on the effects of thinning, liming, and
fertilizer application on the growth of trees in most
cases has studied the effects of each of these
measures separately; in any case, their effects,
whether together or separately, have never been explored in the eastern Black Sea region of Turkey [4,
5]. It is against this background that the present work
sought to determine the effects of thinning, liming,
and N application, separately as well as in combination, on the dbh and height of young stands of oriental beech (Fagus orientalis Lipsky) in the above region.

ABSTRACT
Each of the 45 study plots within a stand of oriental beeches, 25 years old, was subjected to one of
the following treatments, either singly or in combination: thinning (moderate or heavy), liming (5 t
haí1), application of varying quantities of nitrogen
(17.5, 35, and 70 kg haí1), and a control (none of the
above treatments). From 2008 to 2016, the diameter
at breast height (dbh) and height of 12 trees chosen
at random from each plot were recorded annually.
The thickest and the tallest trees were seen in the
heavily thinned and limed plots. By the end of the
8th year, compared to the initial values, trees in the
heavily thinned plots had increased their dbh by 72%
and their height by 41%; the corresponding figures
in the moderately thinned plots were 52% (dbh) and
30% (height); and those in the control plots were
35% (dbh) and 25% (height). Liming in the heavily
thinned plots contributed to an additional 24.2% gain
in dbh and 4.3% in height, with the corresponding
gains in the moderately thinned plots being 19.9%
(dbh) and 9.3% (height). These results suggest that
thinning combined with liming may shorten the rotation period of oriental beech to 30±40 years from
the present duration of 100 years in Turkey.

KEYWORDS:
growth in diameter, growth in height, liming, N fertilization, thinning.

INTRODUCTION
Thinning helps to keep forest stands healthier,
and allows the remaining trees to grow better [1].
The positive effects of thinning on the diameter at
breast height (dbh), tree height, and crown development are extensively documented [2, 3, 4, 5, 6, 7, 8,
9] and so are those on the volume of the stands [6,
11, 12, 13]. Thinning not only shortens the rotation
age [14] and increases the quality of wood [15, 16]
but also increases forest productivity [17] and the
rate of decomposition of forest litter.

MATERIALS AND METHODS
Description of the Study Area. The study was
conducted on a stand of 25 year-old artificially regenerated trees of oriental beech near Hopa-Cankurtaran (41°53ƍƎ 1 ƍƎ ( HOHYDWLRQ DERYH
mean sea level, 800 m) in the eastern Black Sea region of Turkey. The mean total annual precipitation
in the study area is 2644 mm and the mean annual
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temperature is 10.4 °C [32]. The soil, a Spodosol, is
a deep sandy clay-loam and its pH is between 4.5 and
5.0.

thinned, and 15 were not thinned at all (the
control plots). The total basal area of each plot before
and after thinning is shown in Table 1.

Study Plots. The experiment encompassed a
total of 540 trees, distributed equally among 45 plots,
each plot measuring 20 m × 20 m. A total of 15 treatments (Table 1) were applied at random: moderate
thinning (M), heavy thinning (H), liming (L), moderate thinning + liming (ML), heavy thinning + liming (HL), liming + a low dose of N (LN1) or a moderate dose of N ( LN2) or a heavy dose of N (LN3),
thinning + liming + one of the three doses of N
(MLN1, MLN2, MLN3, HLN1, HLN2, HLN3), and
a control (C, with neither thinning nor liming nor application of N). Each treatment was replicated three
times (3 plots for each treatment), and 12 well-grown
trees were chosen at random from each plot for observations.
The experiment began in 2008; from then on,
the dbh and height of the selected trees were recorded annually every September until 2016.

Liming and Application of Nitrogen Fertilizers. The texture and pH of the soil were determined
initially to calculate the amount of lime required to
raise the pH by 1.0. The initial pH varied between
4.5 and 5.0, and 5 t haí1 of lime (2.5 t each of CaCO3
and MgCO3) was applied to the plots chosen for liming. Nitrogen, as NH4NO3, was applied a month after
liming, at the beginning of the vegetative phase in
2009 and 2010, at three different levels or doses,
namely low, 17.5 kg hí1 (N1); moderate, 35 kg hí1
(N2); and heavy, 70 kg hí1 (N3) as shown in Table
1.
Statistical Analysis. One-way analysis of variance (ANOVA) was used for checking whether the
treatments differed significantly in terms of the dbh
DQGKHLJKWDQG'XQFDQ¶V0XOWLSOH5DQJH7HVWZDV
also used for determining whether the treatment
means differed significantly. In addition, the effects
of each treatment ± singly or in combination ± on the
rate of increase in the dbh and height were analysed
with two-way ANOVA. All the statistical analysis
was carried out using SPSS version XIX.

Thinning. Two thinning treatments applied
were moderate and heavy thinning. Twenty and 40%
of stand basal areas were removed in moderately and
heavily thinned stands, respectively. Of the 45 plots,
15 were moderately thinned, 15 were heavily

TABLE 1
Treatments and some characteristics of the plots before and after thinning.
Treatment
Neither thinning nor liming nor nitrogen (C, or control)
Liming without thinning (CL)
No thinning + liming + 17.5 kg haí1 N (CLN1)
No thinning + liming + 35 kg haí1 N (CLN2)
No thinning + liming + 70 kg haí1 N (CLN3)
Moderate thinning (M)
Moderate thinning + liming (ML)
Moderate thinning + liming + 17.5 kg haí1 N ((MLN1)
Moderate thinning + liming + 35 kg haí1 N (MLN2)
Moderate thinning + liming + 70 kg haí1 N (MLN3)
Heavy thinning (H)
Heavy thinning + liming (HL)
Heavy thinning + liming + 17.5 kg haí1 N (HLN1)
Heavy thinning + liming + 35 kg haí1 N (HLN2)
Heavy thinning + liming + 70 kg haí1 N (HLN3)
Total

Stand basal area before
thinning (m2/ha)
19.96
20.43
20.25
20.34
20.03
19.94
19.83
19.93
20.01
20.23
19.97
19.96
20.23
19.62
20.07

Stand basal area after
thinning (m2/ha)
19.96
20.43
20.25
20.34
20.03
16.13
16.24
16.09
16.03
16.19
12.20
11.82
11.97
12.00
11.96

Note: Each treatment was repeated in three plots and diameter at breast height and height were recorded for 12
trees in each plot (36 trees for each treatment)
TABLE 2
Effect of thinning on mean increase in the diameter at breast height and height from 2008 to 2016.
Treatment
Control
Moderate thinning
Heavy thinning
Significance level (p)

Increase in diameter at breast height (cm)
3.73a1
5.40b
7.61c
0.00*

1

Different letters indicate significant differences, *, p < 0.001,
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Increase in height (m)
2.56a
3.18b
4.31c
0.00*
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FIGURE 1
Mean annual increase in diameter at breast height (dbh) (A) and height (B) from 2008 to 2016 as
affected by the degree of thinning.
Abbreviations: C: control, M: moderately thinned, H: heavily thinned.

only 3±4 years, whereas our results are based on the
observations recorded over 8 years.

RESULTS AND DISCUSSION
Effects of Thinning. Thinning had a significant (p <0.05) positive effect on the dbh and height:
the thickest and the tallest trees were seen in the
heavily thinned plots, followed, in that order, by the
moderately thinned plots and the control plots (Table
2, Figure 1). Similar findings, also for oriental beech,
were reported by Tufekcioglu et al. [5]; for the Japanese larch (Larix kaempferi), by Kim et al. [9]; for
the Norway spruce (Picea abies), by Makinen &
Isomaki [2]; for Scots pine (Pinus sylvestris), by
Montero et al. [3]; for Anatolian black pine (Pinus
nigra), by Genc et al. [4]; and for ash (Fraxinus angusitfolia), by Cicek et al. [33]. However, results on
which is superior ± heavy thinning or moderate thinning ± are contradictory: Montero et al. [3] found
that moderately thinned stands recorded the greatest
increments in the dbh, whereas the others reported
the greatest increments in heavily thinned stands [5,
11, 34, 35].
In the present experiment, the dbh of trees in
the heavily thinned plots increased by 72% and the
height by 41%; the corresponding figures in the
moderately thinned plots were 52% (dbh) and 30%
(height); and those in the control plots were 35%
(dbh) and 25% (height) as compared to the initial
values. Similar results were also found by TüIHNoLR÷OX et al. [5] in stands of the oriental beech
close to the site of this experiment: the dbh increased
by 27% in heavily thinned stands, by 18% in moderately thinned stands, and by 10% in the control
stands. Stefanjik [16] reported better growth in
Fagus sylvatica stands that had been thinned every
5±10 years compared to the control stands. On the
other hand, some studies reported no significant increments in the dbh after thinning [4, 9, 33]; however, these results were based on observations over

Effects of Liming. The effects of liming on the
dbh and height are given in Table 3 and Figure 2.
The maximum increase in among the lime applied
plots in the dbh (81%) was recorded in heavily
thinned and limed plots (HL) and the minimum
(35%), in moderately thinned and control plots. The
height increased the most (42%) in HL and the least
in control and limed plots (CL). Although liming
alone had no effect on height, when combined with
moderate or heavy thinning, liming led to an additional 19.9% or 24.2% gain, respectively, in the dbh,
when compared to the control.
As seen in Table 3, liming increased the dbh
significantly (p <005) in moderately thinned plots
but neither in the control plots nor in the heavily
thinned plots. Similar results were also reported by
other researchers [20, 21, 23]. Three separate studies
on sugar maple (Acer saccharum) also found that
liming increased the dbh significantly [21, 22, 23].
Another study, of an old stand of Scots pine, reported
that liming increased the soil pH from 3.5 to 6, and
also increased the dbh significantly, compared to the
control group [36]. In Masson pine (Pinus massoniana) growing on acidic soils, the amount of liming
material added to the soil was positively correlated
with the increment in dbh [37].
Effects of Liming Combined with Nitrogen.
The effects of liming combined with N are given in
Table 4. Over the 8 years, the dbh increased by 35%
in the control and by 42% when liming was combined with N (but without thinning). Liming and N
led to significant increments in the dbh ± but had no
effect on height ± when compared to the control (p
<0.05), although the different levels of N had no significant influence on the dbh either (Table 4).
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TABLE 3
Effect of thinning combined with liming on mean increase in the diameter at breast height and height
from 2008 to 2016.
Treatment
Increase in diameter at breast height (cm) Increase in height (m)
Control (neither thinning nor liming)
3.73a1
2.65a
Liming without thinning
4.38b
2.61a
Level of significance (p)
0.01**
0.58ns
a
Moderate thinning
5.40
3.18a
b
Moderate thinning + liming
6.14
3.29a
Level of significance (p)
0.04**
0.14ns
a
Heavy thinning
7.61
4.31a
a
Heavy thinning + liming
8.51
4.55b
0.01**
Level of significance (p)
0.14ns
1
Different letters indicate significant differences: ***, p < 0.001, ** p < 0.01, ns, non-significant

FIGURE 2
Mean annual increase in diameter at breast height (dbh) (A) and height (B) from 2008 to 2016 as
affected by liming and the degree of thinning.
Abbreviations: C: control, M: moderately thinned, H: heavily thinned, CL: liming without thinning,
ML: liming with moderate thinning, HL: liming with heavy thinning

TABLE 4
Effect of thinning, liming, and nitrogen application on mean increase in the diameter at breast height and
height from 2008 to 2016.
Treatment
Control (neither thinning nor liming nor nitrogen)
Liming alone
No thinning + liming + 17.5 kg haí1 N (CLN1)
No thinning + liming + 35 kg haí1 N (CLN2)
No thinning + liming + 70 kg haí1 N (CLN3)
Level of significance (p)
Moderate thinning (M)
Moderate thinning + liming (ML)
Moderate thinning + liming + 17.5 kg haí1 N ((MLN1)
Moderate thinning + liming + 35 kg haí1 N (MLN2)
Moderate thinning + liming + 70 kg haí1 N (MLN3)
Level of significance (p)
Heavy thinning (H)
Heavy thinning + liming (HL)
Heavy thinning + liming + 17.5 kg haí1 N (HLN1)
Heavy thinning + liming + 35 kg haí1 N (HLN2)
Heavy thinning + liming + 70 kg haí1 N (HLN3)
Level of significance (p)

Increase in diameter at breast height (cm)
3.73a1
4.38b
4.39b
4.39 b
4.42 b
0.07**
5.40a
6.14 b
6.34 b
6.28 b
4.48 b
0.03*
7.61a
8.51a
8.76a
8.68a
8.77a
0.25ns

1

Different letters indicate significant differences: ** p < 0.01, * p <0.05; ns, non-significant

6730

Increase in height (m)
2.56 a
2.61 a
2.64 a
2.66 a
2.61 a
0.90ns
3.18 a
3.29 ab
3.30 ab
3.28ab
3.36 b
0.25ns
4.31 a
4.55b
4.54b
4.54b
4.54b
0.01**
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stands. Liming together with N applications
also made the trees significantly broader and taller.
However, different levels of N had no effect on the
dbh or on height.
It is therefore likely that thinning and liming,
together with other practices of intensive forest management of forests, will make the rotation periods for
oriental beech forests as short as 30±40 years in
Hopa, in Artvin, Turkey.

Thinning is reported to alter the quality of litter
and the microclimate in forests [37] both could be
the result of changes in the rate of decomposition of
litter and nutrient cycling following heavy thinning
and the increase in soil pH after liming. In particular,
high N concentration in the litter and heavy thinning
may have led to faster decomposition of litter and
faster N recycling in the present experiment and, in
turn, to significant increments in the dbh and height.
Therefore, possible interaction between these factors
should be investigated in future studies to understand
the mechanism by which thinning and liming make
trees broader and taller.
As can be seen from Table 4, the dbh increased
significantly with liming, either alone or together
with N (p <0.05), whereas height remained unaffected.
In heavily thinned plots, none of the sub-treatments had any significant effect on the dbh. However, heavy thinning, when combined with liming
and N application, led to significantly taller trees (p
<0.05) compared to those from plots in which heavy
thinning was the only treatment (Table 4). Contrary
to our results, Fox et al. [28] reported an increase in
dbh after 8 years with N application in loblolly pine
(Pinus taeda). In another study, Picea abies saplings
were supplied with N; after 2 years, the dbh had increased significantly compared to the control site
[38]. Yet another study involving N at different levels to Populus tomentosa also reports a significant
increase in the dbh [29], and similar results were reported in pine and spruce [26, 27, 29]. On the other
hand, some studies found no significant increase in
the dbh following fertilizer applications, and neither
did the present study: for example, high levels of N
applied to European beech (Fagus sylvatica) and
spruce (Picea abies) showed no significant difference in the dbh and height compared to control
stands [40].
Although only a few studies have focused on
the effects of N application in combination with thinning on the dbh and height, in all of them, the effects
have been positive: Valinger [27] reported greater
radial growth and volume in stands of Scots pine in
areas where thinning was combined with N application, and so did Makinen & Hynynen [31], who studied 5-year-old stands of Scots pine, and Rosberg et
al. [30], who studied 33-year-old stands of Scots
pine, Quimet & Moore [41] combined N application
with liming for young stands of balsam fir (Abies
balsamea) and found significant increases in the
dbh.
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SEEDLING RESPONSE OF COMMONLY GROWN BARLEY
CULTIVARS IN TURKEY TO SPOT BLOTCH DISEASE
Arzu Celik-Oguz*, Aziz Karakaya
Ankara University, Faculty of Agriculture, Department of Plant Protection, DÕúkapÕ, 06110, Ankara, Turkey

ABSTRACT

INTRODUCTION

Seedling response of 39 cultivars of barley
commonly grown in Turkey to spot blotch disease
agent was determined under greenhouse conditions.
The reactions of the barley cultivars differed in their
response to pathogen isolates. Different reactions to
different isolates were also observed. Differences in
virulence levels among the isolates were evident.
Virulence of the isolate from Central Anatolia (Cs1)
was the highest followed by isolates from Mediterranean (Cs2) and Black Sea (Cs3) regions. Cultivar
VamÕkhoca 98 exhibited low infection response to
all isolates. Cultivar Zafer 160 showed low infection
responses to isolates Cs2 and Cs3 and showed intermediate infection response to isolate Cs1. Cultivar
Fahrettinbey showed low infection response to isolate Cs3 and showed intermediate infection responses to isolates Cs1 and Cs2. Cultivars Balkan 96
and Erginel 90 showed intermediate infection responses to all isolates. Cultivars Sladoran, Lord,
Konevi, Bornova 92, Karatay 94 and Hamidiye 85
showed intermediate infection responses to isolates
Cs2 and Cs3. These cultivars showed high infection
responses to Cs1 isolate. Cultivars ùerifehanÕm, Harman, KÕral 97 and AvcÕ 2002 showed an intermediate infection response to isolate Cs3. These cultivars
showed high infection responses to isolates Cs1 and
Cs2. Cultivar Süleymanbey showed an intermediate
infection response to isolate isolate Cs1. This cultivar showed high infection response to isolates Cs2
and Cs3. Cultivars Çetin 2000, Özdemir 05,
Beyúehir 98, MartÕ, BolayÕr, KalaycÕ 97, Sur 93,
Yesevi 93, Catalhöyük 2001, ønce 04, AydanhanÕm,
Akar, Burakbey, Tarm 92, Bülbül 89, Bilgi 91,
Zeynela÷a, dÕldÕr 02, Obruk 86, Orza 96, Anadolu
86, Yerçil 147 and Anadolu 98 showed high infection responses to all 3 isolates. These results showed
the rich genetic variation among the barley cultivars
investigated. Cultivars that showed low and intermediate infection responses could be preferred in areas
with high disease pressure.

Barley (Hordeum vulgare L.) is the most cultivated cereal after wheat, rice and maize in the world.
It is the second most cultivated cereal in Turkey after
wheat. Barley production in the world is about 141
million tons [1]. Barley is planted in 2.8 million hectares in Turkey with an average production of 8 million tons [2].
Different biotic and abiotic factors affect yield
and quality of barley plants. Spot blotch disease
caused by Cochliobolus sativus (Ito & Kuribayashi)
Drechs. ex Dastur is a common foliar pathogen of
barley and prevalent in humid conditions. Anamorphic stage of the fungus is named as Bipolaris sorokiniana (Sacc.) Shoem.). C. sativus also causes root
rot, seedling blight and head blight of barley plants.
In addition to barley, C. sativus attacks many grass
species including the cereals, wheat, triticale and rye.
Losses in yield ranging from 10 to 40% have been
reported for barley cultivars susceptible to the pathogen [3, 4, 5, 6]. Using resistant cultivars is the most
economical and environmentally safe way of controlling the disease. Therefore, research is needed to
clarify resistance status of barley cultivars. The resistance status of commonly grown barley cultivars
in Turkey is largely unknown.
The aim of this study was to determine seedling
reactions of 39 widely planted barley cultivars in
Turkey to 3 C. sativus isolates obtained from Central
Anatolia, Mediterranean and Black Sea regions of
Turkey under greenhouse conditions. This is the first
detailed study regarding resistance status of commonly grown barley cultivars to spot blotch disease
in Turkey.

MATERIALS AND METHODS
Preparation of inoculum, inoculation and incubation. Thirty nine barley (Hordeum vulgare L.)
cultivars were obtained from Central Research Institute for Field Crops, Ankara, Turkey, Thrace Agriculture Research Institute, Edirne, Turkey, Transitional Zone Agricultural Research Institute,
Eskiúehir, Turkey, The Variety Registration and
Seed Certification Institute, Ankara, Turkey and
Bahri Da÷daú International Agricultural Research
Institute, Konya, Turkey. Barley seeds were surface-

KEYWORDS:
Cochliobolus sativus, Bipolaris sorokiniana, spot blotch,
disease resistance.
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Cs2 and Cs3. These cultivars showed high infection
responses to Cs1 isolate. Cultivars ùerifehanÕm, Harman, KÕral 97 and AvcÕ 2002 showed an intermediate infection response to isolate Cs3. These cultivars
showed high infection responses to isolates Cs1 and
Cs2. Cultivar Süleymanbey showed an intermediate
infection response to isolate Cs1. This cultivar
showed high infection response to isolates Cs2 and
Cs3. Cultivars Çetin 2000, Özdemir 05, Beyúehir 98,
MartÕ, BolayÕr, KalaycÕ 97, Sur 93, Yesevi 93,
Çatalhöyük 2001, ønce 04, AydanhanÕm, Akar, Burakbey, Tarm 92, Bülbül 89, Bilgi 91, Zeynela÷a,
dÕldÕr 02, Obruk 86, Orza 96, Anadolu 86, Yerçil
147 and Anadolu 98 showed high infection responses to all 3 isolates (Table 1). These results
showed the rich genetic variation among the barley
cultivars investigated.
Although a majority of the barley cultivars
were susceptible to the isolates, there were diīerences among the cultivars in response to pathogen
isolates. Pathogenicity differences were also observed among the isolates. Thirty-five, twenty-nine
and twenty-four cultivars were susceptible to isolates Cs1, Cs2 and Cs3, respectively. Five, ten and
fourteen cultivars showed intermediate responses
and one, two and four cultivars showed resistant reactions to isolates Cs1, Cs2 and Cs3, respectively.
This study evaluated resistance status of 39 cultivars of barley commonly growing in Turkey to 3
different C. sativus isolates under greenhouse conditions. This is the first detailed study regarding the resistance status of commonly grown barley cultivars
in Turkey. Reaction of the cultivars ranged between
high infection response and low infection response.
Twenty three cultivars exhibited high infection responses to all three isolates. Some cultivars showed
different infection responses to different isolates.
Only one cultivar, VamÕkhoca 98, was found as resistant to all three isolates of the fungus. Barley cultivar VamÕkhoca 98 exhibited resistant to resistantmoderately resistant reaction to 4 isolates of another
important barley pathogen Drechslera teres f. maculata [10]. Differences in virulence among the
Cochliobolus sativus isolates were observed. Virulence differences were also described by different
authors [11, 12, 13, 14, 15, 16]. Virulence status of
more C. sativus isolates should be determined with
isolates from diverse regions of Turkey.
Variation in barley resistance to C. sativus was
reported by different researchers [17, 11, 12, 15, 14].
Resistance status of some barley landraces and
cultivars were determined using a race of C. sativus.
Barley lines ABVD-118, ABVD-121, KABVD2013, KVD-2104, KABVD-62-2149 and barley cultivars Tokak 157/35, Hamidiye 85, Anadolu 86,
Obruk 86 and Yerçil 147 exhibited a very susceptible reaction to the isolate used. Barley cultivars
Zafer 160, Ankara 86, Yeúilköy 387 and Cumhuriyet
50 exhibited a susceptible reaction to this isolate.
Barley lines YEA-286-22, YEA-422-1, KABVD-

sterilized in 5% sodium hypochlorite solution for 5
min and then washed three times in sterile distilled
water. Fifteen seeds of each barley cultivar were
sown into 10 cm in diameter clay pots containing
sterile mixtures of soil, sand and organic substances
(60: 20: 20, v:v:v), respectively. Inoculation of the
plants were performed at growth stages 11-12 [7].
Isolates were obtained from Central Anatolia (Cs1),
Mediterranean (Cs2) and Black Sea (Cs3) regions.
Single spores were obtained using blotter method. A
suspension of conidia was prepared from 12 day-old
cultures grown in Potato Dextrose Agar.
For inoculum production, mycelia were
scraped from Petri dishes using a paintbrush and filtered using a cheesecloth. Concentration of inoculum was adjusted to 2x104 conidia / ml by using a
Thoma slide. One drop of a surfactant (Tween 20)
was added to every 100 ml of inoculum [8]. Pots
were placed into metal trays. Each tray was uniformly sprayed with conidial suspension using a
hand-held spray bottle. The temperature of the
greenhouse was 15-22±3 oC for night / day with a
12h / 12h light / dark regime. Following inoculation,
plants were kept covered with nylon in transparent
boxes with moist lids for 76 hours. Then, they were
kept for another 24 hours with the nylon uncovered
and the ventilation of the boxes activated. These trials were conducted with 3 repetitions.
Disease assessment. Ten days after inoculation, plants were evaluated with a numerical scale of
1-9, developed for spot blotch by Fetch & Steffenson
[9]. Scale values were rated as low (Infection responses (IRs) 1 to 3), intermediate (IRs 4 and 5) and
high (IRs 6 to 9) infection responses.

RESULTS AND DISCUSSION
Seedling response of 39 cultivars of barley
commonly grown in Turkey to spot blotch disease
was determined under greenhouse conditions. The
reactions of the barley cultivars differed in their response to pathogen isolates. Different reactions to
different isolates were also observed. Differences in
virulence levels among the isolates were evident.
Virulence of the isolate from Central Anatolia (Cs1)
was the highest followed by isolates from Mediterranean (Cs2) and Black Sea (Cs3) regions. Cultivar
VamÕkhoca 98 exhibited low infection response to
all isolates. Cultivar Zafer 160 showed low infection
response to isolates Cs2 and Cs3 and showed intermediate infection response to isolate Cs1. Cultivar
Fahrettinbey showed low infection response to isolate Cs3 and showed intermediate infection responses to isolates Cs1 and Cs2. Cultivars Balkan 96
and Erginel 90 showed intermediate infection responses to all isolates. Cultivars Sladoran, Lord,
Konevi, Bornova 92, Karatay 94 and Hamidiye 85
showed intermediate infection responses to isolates
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2023, YEA-475-4 and barley cultivar YÕldÕrÕm exhibited a moderately susceptible reaction to the pathogen isolate. Barley line KABVD-2017 exhibited a
moderately resistant reaction to the isolate of the
pathogen [11]. Similarly, in our current study, cultivars Anadolu 86, Obruk 86, Yerçil 147 found to be
susceptible to 3 isolates of C. sativus while cultivar
Hamidiye 85 was susceptible to Cs1 isolate and
showed moderate reaction to other two isolates. Cultivar Zafer 160 showed intermediate infection response to Cs1 isolate. This cultivar showed low infection response to the other two isolates. Barley cultivars Tokak 157/35, Ankara 86, Cumhuriyet 50,
Yeúilköy 387 and YÕldÕrÕm were not used in our
study.
In order to find genetic resistance among the
barley germplasm, twenty-five advanced barley

lines were evaluated using 5 C. sativus isolates. Virulence differences among the isolates were reported.
No line exhibited low infection response. Eight,
twelve, seventeen, four and five lines showed intermediate infection responses to K1, K2, K3, Yozgat
and Hatay isolates used in the study, respectively.
Barley lines #1 and #15 showed an intermediate infection response to all 5 isolates and line #24 showed
an intermediate infection response to 4 isolates. Remaining lines exhibited high infection responses
[16]. In our current study cultivar VamÕkhoca 98
showed low infection response to all three isolates
and some other cultivars exhibited low and intermediate infection responses to isolates. Genetic variation among the cultivars used in our current study
was higher.

TABLE 1
Seedling response of 39 barley cultivars grown in Turkey to 3 Cochliobolus sativus isolates under
greenhouse conditions. For evaluation a 1-9 scale was used [9].
Number
Barley Cultivars
1
Çetin 2000
2
Özdemir 05
3
VamÕkhoca 98
4
ùHULIHKDQÕP
5
Beyúehir 98
6
Sladoran
7
Lord
8
MartÕ
9
BolayÕr
10
Harman
11
KalaycÕ 97
12
Balkan 96
13
Konevi
14
Sur 93
15
.ÕUDO
16
Yesevi 93
17
Erginel 90
18
Çatalhöyük 2001
19
ønce 04
20
Süleymanbey 98
21
Fahrettinbey
22
Bornova 92
23
AydanhanÕm
24
Akar
25
Burakbey
26
Tarm 92
27
Bülbül 89
28
Karatay 94
29
AvcÕ 2002
30
Bilgi 91
31
Zeynela÷a
32
dÕldÕr 02
33
Hamidiye 85
34
Obruk 86
35
Orza 96
36
Anadolu 86
37
Yerçil 147
38
Zafer 160
39
Anadolu 98
General mean

Row Type
6
2
6
2
2
2
6
6
2
2
2
2
2
2
6
2
6
2
2
2
2
2
2
2
2
2
2
2
6
2
2
2
2
2
2
2
2
6
2

Isolate Cs1
6
7
3
6
8
6
6
8
6
6
9
5
6
8
6
9
5
7
8
5
5
7
8
8
7
9
9
6
6
6
6
8
6
8
8
8
7
5
8
6.7

Numbers are mean of 3 replications.
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Isolate Cs2
6
7
2
6
7
4
5
6
6
6
8
5
5
7
6
8
5
6
7
6
4
5
7
7
6
7
7
5
6
7
7
7
5
7
8
8
7
3
8
6.0

Isolate Cs3
6
7
2
5
6
4
5
6
6
5
7
5
5
7
4
7
5
6
6
6
2
5
7
7
6
6
6
5
5
6
6
6
4
7
7
7
7
3
6
5.4

General mean
6
7
2,3
5,6
7
4,6
5,3
6,6
5,6
5,6
8
5
5,3
7,3
5,3
8
5
6,3
7
5,6
3,6
5,6
7,3
7,3
6,3
7,3
7,3
5,3
5,6
6,3
6,3
7
5
7,3
7,6
7,6
7
3,6
7,3
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[6] Van Leur, J.G. (1991) Testing barley for resistance to Cochliobolus sativus at ICARDA,
Syria. In: Tinline, R.D. (ed.) Proceedings of 1st
International Workshop on Common Root Rot
of Cereals, Canada, Saskatoon, 128 pp.
[7] Zadoks, J.C., Chang, T.T., Konzak, C.F. (1974)
A decimal code for the growth stages of cereals.
Weed Res. 14, 415±421.
[8] Aktaú, H. (1995) Reaction of Turkish and German barley varieties and lines to the virulent
strain T4 of Pyrenophora teres. Rachis. 14, 913.
[9] Fetch, T.C., Steffenson, B.J. (1999) Rating
scales for assessing infection responses of barley infected with Cochliobolus sativus. Plant
Dis. 83, 217±231.
[10] Karakaya, A., Akyol, A. (2006) Determination
of the seedling reactions of some Turkish barley
cultivars to the net blotch. Plant Path. J. 5(1),
113-114.
[11] Aktaú, H. TunalÕ, B. (1994) 7XUNL\H¶GH HNLPL
yapÕlan ve ümitvar olan bazÕ bu÷day ile arpa
çesit ve hatlarÕnÕn önemli hastalÕklarÕna karúÕ
reaksiyonlarÕnÕn saptanmasÕ üzerinde araútÕrmalar. Bitki Koruma Bülteni. 34(3-4), 123-133.
[12] Fetch, T.C., Steffenson, B.J. (1994) IdenWL¿FDWLRQ RI Cochliobolus sativus isolates expressing diīerential virulence on two-row barley genotypes from North Dakota. Can. J. Plant
Pathol. 16, 202±206.
[13] Valjavec-Gratian, M., Steffenson, B.J. (1997)
Pathotypes of Cochliobolus sativus on barley in
North Dakota. Plant Dis. 81, 1257±1278.
[14] Arabi, M.I.E., Jawhar, M.M. (2004) IdenWL¿FDWLRQ RI Cochliobolus sativus (spot blotch)
isolates expressing diīerential virulence on barley genotypes in Syria. J. Phytopathol. 152,
461±464.
[15] Meldrum, S.I., Platz, G.J., Ogle, H.J. (2004)
Pathotypes of Cochliobolus sativus on barley in
Australia. Australasian Plant Pathol. 33, 109±
114.
[16] Çelik O÷uz, A., Karakaya, A., Mert, Z., Ergün,
N., Sayim, I., Aydo÷an, S. (2016) Determination of the seedling reactions of advanced barley
lines to spot blotch disease caused by Cochliobolus sativus. Works of the Faculty of Agriculture and Food Sciences, University of Sarajevo.
61(66/1), 244-246.
[17] Wilcoxson, R.D., Rasmusson, D.C., Miles,
M.R. (1990) Development of barley resistance
to spot blotch and genetics of resistance. Plant
Dis. 74, 207±210.

This study revealed the resistance status of
commonly grown cultivars of barley in Turkey. Virulence spectrum of C. sativus should be investigated
in more detail with more isolates from diverse regions. Cultivars with low and/or intermediate infection responses should be preferred in areas with high
disease potential. In addition, these cultivars can be
used in future breeding programs.

CONCLUSIONS
Seedling response of 39 cultivars of barley
commonly grown in Turkey to spot blotch disease
agent was determined under greenhouse conditions.
The reactions of the cultivars of barley differed in
their response to isolates. Different reactions to different isolates were also observed. Differences in
virulence levels among the isolates were evident.
Isolate Cs1 was the most virulent isolate. Cultivar VamÕkhoca 98 was found to be the most resistant one among the cultivars tested. These results
showed the rich genetic variation among the barley
cultivars investigated. Using disease-resistant cultivars is the most profitable method and environment
friendly. Cultivars that showed low and intermediate
infection responses could be preferred in areas with
high disease pressure and can be used in future
breeding studies.
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CONTROL SYNTHESIS OF ZnNb2O6 NANOSTRUCTURES
AND HIGH PHOTOCATALYTIC PERFORMANCE OF
Ni2+-DOPED ZnNb2O6
Kuili Liu1,2, Weidong Shi1,*
1

School of Chemistry and Chemical Engineering, -LDQJVX8QLYHUVLW\=KHQMLDQJ3HRSOH¶V5HSXEOLFRI&KLQD.
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2

[5-8].
Recently, transition metal niobate semiconductors show promising photocatalytic activity ascribe
to their more negative conduction bands [3, 9]. As a
typical niobates, ZnNb2O6 with the niobate-structure
has an extensive application in synthesis of piezoelectric material and host luminescent materials due
to its ideal medium quality factor, small resonant frequency coefficient and fluorescence characteristics.
And ZnNb2O6 also has outstanding performance in
the photocatalytic reaction [10, 11]. The hybrid orbital of Zn4d and O2p forms a conduction band at a
more negative level than that of O2p orbitals, leading
to a higher conduction band potential to reduce some
material which reaction requires the more negative
potential. So far, the traditional solid state reaction is
the common method to synthesis the ZnNb2O6 which
has some resistless drawback. For instance, the
method need high-temperature synthesis, longer reaction time, and the crystal of ZnNb2O6 always has a
bigger particle size, small specific surface area, poor
dispersity and easy to reunite. However, the photocatalytic activity of ZnNb2O6 was closely relates to
its particle size, morphology, crystal phase, facets
and surface reactivity. Fortunately, these problems
can be solved by hydrothermal method perfectly,
which method has showed an extraordinary ability in
the controllable fabrication of inorganic semiconducting nanostructures. In this study, we have synthesized the flower-like nanostructures transition
metal niobate photocatalyst ZnNb2O6 and got its best
morphology by controlling the time, PH, precursor,
temperature. Unfortunately, there is a common
drawback of high electron-hole recombination rates
in the semiconductor materials has restrict its photocatalytic efficiency seriously [12, 13]. For resolve
this problem, many methods have been developed,
such as sensitizing the photocatalyst by narrow
bandgap semiconductors, doping with metal and
non-metal et al [14, 15]. Among them, doping with
metal cation can not only reduce the recombine rate
of electron-hole pairs effectively and but also further
broaden the absorption capacity of the photocatalyst.
The related researched metal-doped semiconductor
photocatalysts for photocatalytic reaction include
Ni/Ag3PO4 and Ni/Ag2S etc. [16, 17]. Heroin, Ni2+
ions have been chosen as dopants to decorate

ABSTRACT
We have synthesized the ZnNb2O6 crystal with
the higher crystallinity and smaller particles size by
control the reaction time, reaction temperature, PH
and the type of precursor. In addition, we have prepared a serious content of Ni2+-doped ZnNb2O6
nanostructure. The crystal morphology of the
ZnNb2O6 and Ni2+-doped ZnNb2O6 composites were
determined by transmission electron microscopy
(TEM) and X-ray diffraction (XRD). Both technological analysis revealed that the crystal structure has
an obvious change. Moreover, the surface composition, chemical states and optical properties were further analyzed by X-ray photoelectron spectroscopy
(XPS), UV-vis diffuse reflectance spectra and so on.
In addition, the Ni2+-doped ZnNb2O6 composites exhibited significantly enhanced for degradation of
methylene blue (MB) under the light irradiation.
Thus, the result demonstrated that the doped Ni2+ can
narrow the band gap of ZnNb2O6. And the dopant Ni
cation likely can act an electron trapping centers and
the related vacancies suppress the recombination of
photogenerated electrons and holes. Thus, the composited can enhance their photocatalytic activity efficiently.

KEYWORDS:
ZnNb2O6 nanostructures, Ni2+-doped ZnNb2O6, Methylene blue, Photodegradation.

INTRODUCTION
As one of the most advanced method to deal
with the problem of environment, photocatalytic
degradation of pollutants is considered to be the future substitute for traditional methods. Among those
photocatalyst, niobates has attracted much attention
in development and application of photocatalyst due
to its prominent promoter and carrier properties in
the photocatalytic reaction [1-4]. Various niobates
with different chemical composition and crystal
structure can be formed by a network of cornershared octahedral units of [NbO6], which was benefits to separate the photoexcited electron±hole pairs
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2+

Characterization. All of the products
were identified by X-ray diffraction (XRD, Bruker
D8 Advance diffractometer, 50 kV, 300 mA) using
Cu-.ĮUDGLDWLRQ7KHPRUSKRORJLHVDQGVL]HRIWKH
obtained samples were characterized by the transmission electron microscopy (TEM), and the TEM
images were visualized on a F20 S-TWIN electron
microscope (200 kV). The UV-vis spectra of the
products were obtained on a UV-vis spectrophotometer (UV2450, Shimadzu, Japan) and the BaSO4 was
used as the reference. The high-resolution-ray photoelectron spectroscopies (XPS) were analyzed by a
3+,4XDQWXP;36V\VWHP $O.Į 

ZnNb2O6, because the Ni ions have the approximate physicochemical properties and similar partical size compared with Zn2+. In this way, the Zn2+
can substituted by Ni2+ ion, which will introduce the
Ni2+ ion electron states into the band gap of ZnNb2O6
to form the lowest unoccupied molecular orbital and
reduced the band gap of ZnNb2O6. Thus, the composites can reduce the recombine rate of electron-hole
pairs effectively and further broaden the absorption
capacity of the photocatalyst. To our best
knowledge, the work has not been reported in the
previous literature.
In this study, we have synthesized the ZnNb2O6
crystal with the higher crystallinity and smaller particle size by control the reaction time, reaction temperature, PH and the type of precursor. In addition,
we have doping the different content of Ni2+ into the
ZnNb2O6 crystal. The result showed that the crystal
has a great change in its morphology and photocatalytic activity. And the Ni2+-doped ZnNb2O6 composites can enhance their photocatalytic activity efficiently.

Photocatalysis evaluation. RhB and TC were
used as the model organic pollutant to evaluate the
photocatalytic activity of the obtained samples under
visible light irradiation, respectively. The photodegradation of RhB and TC were carried out in a photochemical reactor, where the 100 mg sample and 100
mL of 10 mg/L RhB or TC solution were contained.
To exclude the influence of physical adsorption, the
reactor was kept in the dark for 60 min to reach the
adsorption equilibrium. Then, a 250 W xenon lamp
as the light source was located about 8 cm to one side
of the containing solution, which has a glass filter to
remove the UV light. The photocatalytic degradation
ratio of the samples was calculated by the following
formula:
DR= (1-Ai/A0) ×100%
In this equation, DR is on half of the photocatalytic degradation ratio, A0 is the initial absorbency of
RhB or TC after reached absorption equilibrium,
while Ai is the absorbency after the photocatalytic
reaction. At each time interval, photocatalysts were
separated by centrifugation at 10000 rpm for some
minutes, and the light absorption of clear solution for
the different samples was measured by an UV-vis
spectrophotometer.

EXPERIMENT SECTION
All chemical reagents were analytical grade
and were used without further purification in this
study.
Preparation the precursor of the soluble niobium source. Firstly, 0.5 g niobium pentoxide
(Nb2O5) were taken place in a beaker which contained 60 mL 1 mol/L KOH alkaline solution. After
vigorously stirred for 30 min, the mixed the solution
were transferred into a 100 mL Teflon-lined stainless
steel autoclave and heated at 180 °C for 48 h. After
cooling to room temperature naturally, the precursor
of the soluble niobium source was obtained.
Preparation the photocatalysts of ZnNb2O6.
First, 10 mL soluble niobium source was taken place
in a beaker (contained 15mL distilled water) and adjust the pH. Then, 0.1 g zinc sources were added into
the solution with continuous stirring. Secondly, the
mixed solution were transferred into a 60 mL Teflonlined stainless steel autoclave and heated for several
hours. After cooling naturally, the obtained products
were washed with distilled water for several times
and dried at 70 °C.

RESULTS AND DISCUSSION
Effect of reaction temperature. Hydrothermal temperature of the reaction was an all-important
factor on promoting the nucleation and crystal
growth of ZnNb2O6. And the ZnNb2O6 samples prepared at reaction of 24 h, PH=7 and the
Zn(C3CHOO)2 as the zinc sources with different reaction temperature. As can be seen from the Fig. 1a,
the ZnNb2O6 crystal shows a low crystalline structure, because of the low temperature cannot provide
the driving force to impel the crystal to growth in the
direction of the six corners. With temperature increased to 220 °C, the crystal has an inconspicuous
changing in its structures (Fig. 1b). However, with
further increasing the temperature, the ZnNb 2O6
crystal can continue to precipitate along the direction
of the six angles (Fig. 1c). Limited by hydrothermal
reaction kettle, we can only

Preparation the photocatalysts of Ni2+doped ZnNb2O6 composites. The method for synthesizing the Ni2+-doped ZnNb2O6 (named as NiZnNb2O6) composites is similar to the method for
producing pure ZnNb2O6, but the additional amount
of Ni(NO3)2 were added into the solution with zinc
sources.
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FIGURE 1
SEM images of ZnNb2O6 samples prepared with different reaction temperature
˗(c): 240 °C; (d): 260 °C.
(a):200 °C; (b): 220 °C˗

FIGURE 2
SEM images of ZnNb2O6 samples prepared with different reaction time (a):12 h; (c, d): 18 h.

rise temperature to 260 °C. This moment, the
ZnNb2O6 crystal exhibit a symmetric structure like a
six angle star with a smaller size (Fig. 1d). However,
it is known to all that the mass transfer coefficient
and the nucleation rate of the crystal will be effected
seriously if the temperature was too high [18, 19].
Thus, the negative effect will be occurred on the
crystal size and crystal shape if the hydrothermal
temperatures was too high.

the reaction increased to 18 h (Fig. 2b), a large number of regular hexagonal nanoparticles was formed.
When the reaction time was increased to 24 h, the
irregular particles were disappeared and uniform
hexagonal nanoflowers can be found in Fig. 1d. To
further increase the reaction time, it will mainly affect the size of the crystal. And, the particle diameter
will be increased with the increase of reaction time
[20, 21].

Effect of reaction time. To clarify the effect of
the reaction time on the process of crystal growth,
the time dependent experiments were also carried
out. Only the reaction time was changed in this experiment. As can be seen in Fig. 2a, the obtained
product shows the irregular particles with different
sizes when a short reaction time of 12 h was used. In
this time, the crystal possess a poor crystallinity
compared to the other products formed at 24 h. As

Effect of Ph. The pH of the solution play an
important role in the hydrothermal process [22, 23].
The raw material of Nb2O5 was not readily reacted
with other substances in mild conditions, which can
only dissolve in the HF or melt at high concentration
of alkali like KOH. Herein, we have used a mild hydrothermal treatment to dissolve Nb2O5 in a high
concentration of alkali solution. This moment, the
Nb was existed in a certain oxygen radical forms in
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concentration of NaOH due to the Nb was
mostly existed in the form of a certain oxygen radical
in aqueous solution. And the crystal cannot be
formed when the pH reached to 8. Thus, the most
suitable pH was 7.

aqueous solution. The oxygen radical will be converted into Nb2O5ЬnH2O, when the pH was adjusted
to neutral. Right now, the Nb2O5Q+2O can react
with the Zn2+ to obtained the ZnNb2O6. However,
low concentration of acid and alkali can also affect
the structure of the crystal. As shown in the Fig. 3a,
the product has a lower crystallinity with the crystal
nanosheets distributed out of order when the pH was
adjusted to 6. And with increased the PH to 7 (Fig.
3b), the nanosheets of crystals were ordered to grow
from six directions of the crystal, and the structure of
the six angle star is obtained. In addition, the hydrothermal reaction can be decelerated with increasing

Effect of zinc sources. Different dissolvable
zinc salt can be utilized as a precursor to prepare
ZnNb2O6 via this hydrothermal synthesis method
[24]. Compared with Zn(CH3COO)2 (Fig. 3c and d),
the Zn(NO3)2 has been used to investigate the effect
of the precursor to the ZnNb2O6 crystal. The SEM
images (Fig. 4a and b) shows the obvious hexagonal
nanoparticles with the diameter about 300 nm. The

FIGURE 3
SEM images of ZnNb2O6 samples prepared with different PH (a, b): PH=6; (c, d):
PH=7; (e, f): PH=8.

FIGURE 4
SEM images of ZnNb2O6 samples prepared by Zn(NO3)2.
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The appeared of the C element was mainly
caused by the adventitious carbon from the XPS instrument itself. For the XPS spectrum of Zn, the
binding energies at 1021.8 (Zn2p3/2) and 1044.9 eV
(Zn2p1/2) can be ascribed to Zn2+. The detected Ni indicated that the Ni element has doping in the crystallite of ZnNb2O6. And, the appeared peaks (855.7 eV,
Ni2p3/2) at can be assigned to the Ni2+. In addition, the
high-resolution Nb3d spectrum (Fig. 6c) at 207.1
(Nb3d5/2) and 209.9 eV (Nb3d5/2) can be attributed to
the binding energy of Nb5+ of the sample. And, the
high-resolution O1s peak at 528.1 eV could be attributed to the lattice oxygen species, while the binding energies at the 531.0 eV could be agreement with
the Nb-O.

partial sizes of the crystal exhibit a great decrease
compared with crystal from Zn(CH3COO)2, which
SRVVHVVDGLDPHWHUDERXWȝP. In addition, the shape
of the six angles of the two crystals has a significant
change. The above result indicated that the acid radical such as acetate radical and nitrate radical, played
a significant role in the formation of hexagonal
nanostructures. For weak acid radical like acetate
radical, it can affect the pH value of the solution by
hydrolysis of -OH, which can influence the formation of the crystal enormously.

Morphological studies. In order to observe the
crystal structure and size of the Ni-ZnNb2O6 composites, the obtained samples were further characterized using transmission electron microscopy (TEM).
As shown in figure, compared with pure ZnNb 2O6,
the 5% Ni-ZnNb2O6 composites exhibit a smooth
surface with some redundant pieces and small blocks
disappeared on the surface of ZnNb2O6. With increasing the content of Ni to 10%, the crystal structure display a great change in its six angle. The TEM
images of this sample shows that all of the irregularities were disappeared in the crystal particles, and the
morphology of the crystal particles became uniform
and orderly. However, the six angles will be thickened when the content of Ni2+ was further increased,
like 15 % Ni-ZnNb2O6 composites in figure. In addition, the six corners of the ZnNb2O6 crystal will be
thicker and longer, and there will be a certain degree
of agglomeration between the crystal grains. The
above results indicated that the Ni2+ played a great
significant role in the process of ZnNb 2O6 crystallization.

FIGURE 5
XRD patterns of pure ZnNb2O6 and NiZnNb2O6.
XRD analysis. The XRD patterns was carried
out to examine its phase purity and crystal structures.
As shown in Fig. 5, seven main diffraction peaks
QHDURUDWș DQG
64.3° can be observed, which were perfectly corresponding to the (111), (311), (002), (600), (321),
(621) and (023) planes of ZnNb2O6 (JCPDS # 761827), respectively. The result indicated that the
hexagonal star crystal was ZnNb2O6 and no impurity
was appeared in it. However, for the Ni-ZnNb2O6
samples, no diffraction peaks ascribe to Ni was
funded from the Figure, which likely due to the content of Ni was too low and Ni in the samples were
well dispersed in the ZnNb2O6 [25]. In addition,
compared to the pattern of pure ZnNb 2O6, the main
diffraction peaks has an obvious differences in intensities and widths of the XRD peaks from the NiZnNb2O6 samples. This result indicates that there
was an evident change in crystal structure and crystallite size of ZnNb2O6 after doping with Ni. We can
calculate that the average crystallite sizes of
ZnNb2O6 were becoming small according to the
6FKHUHU¶VHTXDWLon. And, this conclusion will be further demonstrated in the following discussion.

Optical absorption studies. Moreover, the
UV-vis DRS spectra of the pure ZnNb2O6 and 10 %
Ni-ZnNb2O6 composite were prepared to examine
their optical properties. As shown in Fig, the UV-vis
absorption of the ZnNb2O6 semiconductor has an absorption edge at around 300-400 nm. Thus, the band
gap energies of the pure ZnNb2O6 were estimated to
3.5 eV based on the Kubelka-Munk function plot
[26, 27]. However, after doping the Ni2+ in the
ZnNb2O6, the UV-vis absorption of the Ni-ZnNb2O6
composite shows the enhanced light absorbing in the
UV and visible light region. Except that, there has a
strongly absorption peak at around 500-650 nm,
which likely caused by the localized surface Plasmon resonance effect. The result explain that the
Ni2+ can enhance the optical absorption capacity of
the ZnNb2O6, which can promote the photocatalytic
activity effectively. In addition, the Ni2+ doping
caused a red shift of the absorption compared to the
spectrum of pure ZnNb2O6. And, the band gap ener-

XPS analysis. The surface composition and
chemical states of each element in the Ni-ZnNb2O6
composites were carefully analyzed by the X-Ray
photoelectron spectroscopy (XPS). The survey scan
XPS spectrum (figure) of the samples was shown
that the C, Zn, Ni, Nb and O elements were detected.
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gies of Ni-ZnNb2O6 were calculated to 3.2 eV. Except this, the valence band X-ray photoelectron spectroscopy (VB-XPS) was further preformed to investigate the valance band of ZnNb2O6. As can be seen

in figure, the positions of the valence band
edge of ZnNb2O6 were located at -1.3 eV. Thus, the
positions of conduction band can be obtained by the
equation.

FIGURE 6
XPS spectrum of High resolution Zn2p spectrum (a); High resolution Ni2p spectrum
(b); High resolution Nb3d spectrum (c); High resolution O 1s spectrum (d)

FIGURE 7
SEM image of X % Ni-ZnNb2O6 photocatalysts with various X: (a) = 0; (b) X = 2;
(c) X = 3; (d) X = 4; (e) X = 5. TEM image of 3 % Ni-ZnNb2O6 photocatalysts sample
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FIGURE 8
(a): UV-vis diffuse reflectance spectra of pure ZnNb2O6 and 3 % Ni-ZnNb2O6; (b): The Kubelka-Munk
function plot of pure ZnNb2O6 and 3 % Ni-ZnNb2O6. Inset: Valence band X-ray photoelectron spectroscopy (VB-XPS) image of Ni-ZnNb2O6 photocatalysts sample.

FIGURE 9
Photocatalytic degradation of MB (A) by single ZnNb 2O6 (a) synthesized via Zn(CH3COO)2 and X % NiZnNb2O6 photocatalysts with various X: (b) = 0; (c) X = 5; (d) X = 15; (e) X = 4; (f) X = 20 and the corresponding pseudo-first-order reaction kinetics (B).

FIGURE 10
$ 3KRWROXPLQHVFHQFHVSHFWUDRI=Q1E2 D V\QWKHVL]HGYLD=Q &+&22 1L=Q1E2DQG
1L=Q1E2 % (OHFWURQVSLQUHVRQDQFHVSHFWUDIRU1L=Q1E2VDPSOH

compared to other compound. Fortunately, the degradation rate was obviously improved, when we doping the Ni2+ into the ZnNb2O6. And, the Ni-ZnNb2O6
shows a best photocatalytic degradation efficiency
when increased the content of Ni to 4 %. However,
with further increasing the contents of Ni2+ nanoparticles, the photocatalytic activity was decreased visibly. It was possible that the excessing Ni2+ will enhance the defect level of ZnNb2O6 and appear the
phenomenon of aggregation (this has been proved by

Photocatalytic degradation of organic pollutants. The photocatalytic activities of the prepared
composites were evaluated by photocatalytic degradation of rhodamine B (RhB) under simulated sunlight irradiation. The pure ZnNb2O6 synthesized by
Zn(CH3COO)2 show a lower photocatalytic degradation efficiency of 27.1 % for RhB in 3 h (Fig. 9a).
And the pure ZnNb2O6 synthesized by Zn(NO3)2 exhibit a certain degree of rising for degradation of organic. However, the degradation rate was still low
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on the conduction band and valance band, respectively. Secondly, the accumulated photoexcited
electron will be consumed by the electron reduction
reactions efficiently [29-32]. In the meantime, the
aggregation of holes in the valance band can react
with organic contaminant directly. Thus, the samples
can enhance its photo-response region absorb and
suppress the recombination of photoelectron electron and holes effectively, which leads to an enhanced high photocatalytic degradation activity on
this composite.
.

the pattern of XRD and SEM). In addition, Fig. 9b
shows that the photocatalytic degradation of RhB by
the obtained samples fits the pseudo-first-order kinetics. As can be seen from the figures, the time and
-ln(C/C0) shows an obviously linear relationship,
which revealed the above degradation experimental
results again.
Photoluminescence spectra (PL) and electron spin resonance (ESR) studies. To further determine the transfer and separation efficiency of the
photogenerated charge carriers, the Photoluminescence spectra (PL) was analyzed. As can be seen in
Fig. 11a, both the pure ZnNb2O6 sample synthesized
by Zn(CH3COO)2 and Zn(NO3)2 shows a high PL intensity. However, an obvious decreased intensity of
PL could be observed after doping the Ni2+ into the
Zn(NO3)2. The results indicated that the Ni-ZnNb2O6
composites can effectively reduce the recombination
rate of photoinduced electron±hole pairs [28]. In addition, the electron spin resonance (ESR) was carried
out to make sure the active group in the photocatalytic reaction. As shown in Fig. 11b, four characteristic peaks at 3486.4, 3501.0, 3516.2 and 3530.6 G
could be observed in the ESR patterns for the NiZnNb2O6 composites samples, which indicated the
22- have been produced during the process of photocatalytic reaction. However, the characteristic
peaks of -2+ VKRZV D ORZHU LQWHQVLW\ $QG WKUHH
peak at 3493.6, 3508.2 and 3522.8 G can ascribe to
the peak of DMPO. Thus, the result demonstrates
WKDWWKH22- was the active group in the photocatalytic reaction.

CONCLUSIONS
In this study, we have synthesized the ZnNb2O6
crystal with the higher crystallinity and smaller particles size by control the reaction time, reaction temperature, PH and the type of precursor. In addition,
we have doping the different content of Ni2+ in the
ZnNb2O6 crystal. The result showed that the Ni2+doped ZnNb2O6 composites has a great change in its
morphology. And the composites exhibited significantly enhanced for degradation of rhodamine B
(RhB) under the visible light irradiation. Thus, the
result demonstrated that Ni2+ can act as electron trapping centers on the ZnNb2O6 to efficiently oxidize
organic contaminants, while the mediate the reduction was oxidized under light irradiation.
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FIGURE 11
Schematic illustration of the charge transfer in
Ni-ZnNb2O6 composites.
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DETERMINATION OF THE NATURAL ENEMIES OF
DIPRION PINI L. (HYMENOPTERA: DIPRIONIDAE) IN
CANKIRI, TURKEY
Ziya Simsek*, Yalcin Kondur
Department of Forest Engineering, Cankiri Karatekin University 18200 Cankiri, Turkey

(Hartig) (Dip.: Tachinidae) which are reported as effective larval-pupal parasitoids of D.pini by Doganlar [14], Avci [15] and Tunca et al. [16] in Turkey.
Also, Simsek and Kondur [17] carried out detailed
studies on bio-ecology, natural enemies, control timing and insecticides against D.pini in Cankiri Scots
pine and Black pine forests in Turkey via pheromone
traps. Avci and Sari [18] determined flight period of
D.pini with pheromone traps in Isparta, Turkey. Previously carried out studies in Turkey were generally
about distribution area and damage of D.pini but a
few about natural enemies.
Previous studies in the literature states that
D.pini exists in Europe (Austria, Belgium, BosniaHerzegovina, Bulgaria, Corsica, Czech Republic,
Denmark, Estonia, Finland, former Yugoslavia,
France, Germany, Greece, Hungary, Ireland, Latvia,
Luxemburg, Macedonia, Moldova, Monaco, The
Netherlands, Norway, Poland, Portugal, Romania,
Russia, Slovenia, Spain, Sweden, Switzerland,
Ukraine and UK) and also in Africa (Morocco) except Turkey [19]. There are many studies on the
damage, biology, ecology, monitoring adult flights
via pheromone traps, its relationships between climatic data, early warning, epidemics, and natural enemies of D.pini and also control of D.pini [20-34].
Furthermore, there are important studies on the natural enemies of D.pini and their efficiency [35-45].
However, a small portion of these studies deal with
the egg parasitoids of D.pini. Likewise, studies on
the natural enemies of D.pini are inadequate in Turkey. Thus, this study was carried out between 2003
and 2004 in order to determine the natural enemies
of D.pini in the Scots pine forests in Cankiri for the
first time and also in order to call attention to the natural enemies of D.pini in Turkey and to encourage
other researchers for future studies.

ABSTRACT
The egg parasitoid Neochryocharis formosa
(Westwood 1833) (Hymenoptera: Eulophidae), cocoon parasitoids Pleolophus basizonus (Grav.), Exenterus oriolus Htg. (Hymenoptera: Ichneumonidae), Dahlbominus fuscipennis (Zetterstedt) (Hymenoptera: Eulophidae) and Exhyalanthrax afer Fabr.
(Diptera: Bombyliidae) were determined as a result
of this study carried out in order to determine the natural enemies of Diprion pini L. (Hymenoptera: Diprionidae) between 2003 and 2004 for the first time
in Kalfat (Orta, Cankiri, Turkey) and Kursunlu (Cankiri, Turkey) Scots pine (Pinus sylvestris L.) forests.
Evaluation of effectiveness of natural enemies determined in this study shows that the egg parasitoid
N.formosa emerged from D.pini eggs collected from
.XUúXQOX IRUHVW KDV WKH KLJKHVW HIIHFWLYHQHVV 100%) on the pest population. Effectivenesses of cocoon parasitoids were found as 12% for Pleolophus
basizonus, %3 for Exenterus oriolus. The hyper parasitoid species Exhyalanthrax afer emerged from
5% of D.pini cocoons. All of the cocoon parasitoids
(Pleolophus basizonus, Exenterus oriolus, Exhyalanthrax afer, Dahlbominus fuscipennis) and the egg
parasitoid (Neochrysocharis formosa) is determined
on D.pini for the first time in Turkey.

KEYWORDS:
Diprion pini, parasitoid, Scots pine, Cankiri, Turkey.

INTRODUCTION
The common pine sawfly [Diprion pini L. (Hymenoptera: Diprionidae)] is a serious insect pest of
pines, mainly Scots pine (Pinus sylvestris L.) at almost everywhere from the west to east of Turkey and
most of the studies carried out previously are generally limited and mostly deal with hosts, distribution,
biology and damage of D.pini [1-13], however there
was only one study regarding control of D.pini by
using pheromone traps and environment friendly insecticides [13]. There are also not many studies regarding natural enemies of D.pini except the ones related to Drino gilva Hert. and Diplostichus janithrix

MATERIALS AND METHODS
Materials. The main materials of the study are
various 10-20 year-old Scots pine trees that have
been infected with Diprion pini L., eggs and larval
parasitoids of the pest, species specific pheromone
lures [(2S,3R,7R)-3,7-dimethyl-2-tridecanol) acetate and propionate]and Lund-I type trap sets. Also,
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Eggs that larva or parasitoid could not develop and
spoilt eggs were removed and these eggs were not
taken into account. Parasitization ratio (%) was calculated as dividing the total number of emerged parasitoids by all egg numbers. Parasitoids were prepared for identification and stored in 70% ethanol
containing glass tubes.

ice-box, stereo-microscope, tweezers, plastic bags,
camera are utilized as accessory materials.
Methods. Studies were carried out in two separate areas. One of the study areas is approximately
1100 ha planted Scots pine forest which is located
within Kalfat (Orta, Cankiri) and the second study
area is approximately 1 ha isolated Scots pine site
which is located within Kursunlu (Cankiri).
All studies were carried out in order to determine the egg and cocoon parasitoids of D.pini, and
also to determine the efficiencies of the parasitoids.

Determination of the Cocoon Parasitoids of
Diprion pini L. and Their Efficiencies in the Study
Areas. Cocoons of D.pini were samSOHGLQdDQNÕUÕ
(Kalfat and Kursunlu) in 2005 in order to determine
cocoon parasitoids of D.pini. Sampling processes
were carried out at 8 different points with 10 meter
intervals under Scots pine crowns with a 25x25 cm
(1/16 m²) frame. At each frame area, litter layer with
cocoons was removed into plastic bags until the mineral soil. Plastic bags with sampling data were
moved to laboratory. In the laboratory inspection of
the litter samples, D.pini cocoons were removed and
recorded with regard to their status (D.pini emerged
cocoon, parasitoid emerged cocoon, damaged cocoon by rodents, non-emerged cocoon that contain
living D.pini pupa, non-emerged cocoon that contain
dead D.pini pupa) after dissection if necessary.
Healthy cocoons (non-emerged and non-diseased)
were inserted into plastic jars (20 cm diameter and
20 cm depth) with Scots pine sawdust of 5 cm height
and open side of the jars were closed tightly with
muslin, then kept in the laboratory which was set to
20°C temperature and 40% humidity conditions.
Emerged parasitoids were removed with an aspirator
every other day and this process was carried out until
parasitoid emergence completed. Parasitization ratios (%) for each parasitoid species were calculated
as dividing adult counts for each parasitoid species
by the total number of cocoons. Parasitoids were prepared for identification and stored in 70% ethanol
containing glass tubes.

Determination of the Egg Parasitoid of Diprion pini L. and Its Efficiency in the Study Areas.
This study was carried out in order to determine parasitoid species and parasitization ratios in nature in
2004 at approximately 1100 ha Scots pine forest in
Kalfat (Orta, Cankiri) and 1 ha Scots pine forest in
Kursunlu (Cankiri) where pheromone traps were set
up previously. Five D.pini pheromone traps were set
up at 1.5 m height at south aspects of Scots pine trees
with 50 m intervals as a straight line both in Kalfat
(1340 m) and Kursunlu (1204 m), also pheromone
lures and sticky sheets were inserted into each trap
[34, 46]. Pheromone traps were set up before adults
flights (when the mean air temperature was below
15°C ± 05/20/2004 at Kalfat study area and
06/01/2004 at Kursunlu study area) [47]. Scots pine
needles were visually checked for D.pini egg packs
at 10 days later than the first catching of D.pini
adults at pheromone traps (the last week of May).
Egg packs of D.pini (sequentially oviposited 10-20
eggs in a needle) were sampled randomly from various aspects of trees and carried to laboratory inside
of ice-box after removal of pine shoots with needles
that D.pini oviposited. Each one of 41 of D.pini egg
packs was inserted into an individually numbered
glass tube and the mouth parts of the tubes were
closed with a piece of wet cotton; then observed for
emergence and/or hatching at laboratory (20°C temperature and 40% humidity conditions). D.pini egg
sampling process was carried out as long as egg
packs were found on Scots pine trees (06/10/200406/25/2004) with one week intervals.
Scots pine needles with D.pini egg packs inserted into glass tubes in laboratory and checked 3
times with an interval of 3 days until pine needles
turn yellow and dry. A piece of wet cotton inserted
at the open end of each glass tube in order to delay
pine needles to dry. This study carried out until parasitoid emergence completed. Emerged parasitoids
and hatched D.pini larvae were removed from glass
tubes at each check out. After removal of adult parasitoids with a soft brush, Scots pine needles with
egg packs inserted into same glass tube. All of D.pini
eggs were inspected under stereo-microscope and
recorded as larva hatched, non-emerged parasitized
egg and parasitoid emerged egg (Figure 2a, b, c).

Identification of Natural Enemies of Diprion
pini L. The hymenopteran egg parasitoid that
emerged from D.pini eggs was identified by Dr. Erhan Kocak (Faculty of Agriculture, Suleyman Demirel University, Isparta, Turkey) and Dr. Stefan
Schmidt (Zoologische Staatssammlung Muenchen,
Germany). Hymenopteran parasitoids which
emerged from D.pini cocoons from Kalfat (Orta,
dDQNÕUÕ  were identified by Dr. Yasemin Ozdemir
(Directorate of Plant Protection Central Research Institute, Ankara, Turkey). Also, the dipteran species
emerged from D.pini cocoons was identified by Dr.
David Greathead (National Environmental Research
Council (NERC) Centre for Population Biology, Imperial Collage, London, Silwood Park Campus, Ascot, SL5 7PY, UK).
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FIGURE 1
Diprion pini L. eggs in Scots pine needle

FIGURE 2
Exit hole of Diprion pini L. larva (a), D.pini egg (b), D.pini egg which was parasitized by Neochrysocharis formosa (Westwood) (c)

FIGURE 3
Non-parasitized Diprion pini L. eggs (a), D.pini eggs which were parasitized by Neochrysocharis formosa (Westwood) (b)

FIGURE 4
Diprion pini L. eonymph (a) and pronymph (b)
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and N.formosa adults emerged from 145 parasitized
eggs. Thus the egg parasitization ratio was calculated
as 28.05%.
There certain studies on egg parasitoids of
D.pini in literature. Doganlar [48] and Avci [15] report only Drino gilva Hert. (Diptera: Tachinidae) as
an effective larval-pupal parasitoid of D.pini in Turkey. Certain studies in other countries report
Chrysonotomyia ruforum Krausse (Hymenoptera:
Eulophidae) as natural enemy of D.pini eggs [25, 43,
49, 50]. Also, the most important egg parasitoid of
D.pini, C.ruforum was reported 24-65% effective
[43, 51].

RESULTS AND DISCUSSION
Determination of the Egg Parasitoid of Diprion pini L. and Its Efficiency in Kursunlu. It is
determined that D.pini IHPDOHV FXW SUHYLRXV \HDU¶V
Scots pine needles lengthwise and oviposit into these
VOLWVGXULQJHDUO\VXPPHUDQGFXUUHQW\HDU¶VQHHGOHV
later in the summer. After oviposition, females fix
oviposited slits with a foamy matter. Embryonic development of the eggs continues about 3 to 6 weeks
with relation to meteorological conditions. Newly
oviposited D.pini eggs are pale green in color (Figure 3a) and later hatch and D.pini larva exits the egg.
However parasitized eggs turn into black in a few
days (Figure 3b) and an egg parasitoid emerges.
D.pini larvae hatched from non-parasitized eggs live
and feed on Scots pine needles as colonies however
some the last instar larvae go down to litter to form
cocoons which contain eonymphs first (Figure 4a)
then pronymphs (Figure 4b) and overwinter in this
state.
The egg parasitoid emerged from D.pini eggs
that collected from Kursunlu Scots pine study area
in 2004 was identified as Neochrysocharis formosa
(Westwood 1833) (Hymenoptera: Eulophidae) (Figure 5). It is determined that egg parasitoids emerge a
few weeks after larvae of D.pini hatched from the
egg packs. We find this as an important issue in conservation of natural enemies and control efforts
against this pest.
Efficiency rates of egg parasitoids regarding
embryonic development of the eggs in the egg packs
in 41 glass tubes are given in Table 1. Table 1 shows
that 372 D.pini larvae hatched from 517 D.pini eggs

FIGURE 5
Neochrysocharis formosa (Westwood 1833)
(Hymenoptera: Eulophidae) adult which was
emerged from Diprion pini L. cocoon
(Photograph by Koorosh McCormack)

TABLE 1
Diprion pini L. egg numbers and emerged egg parasitoid Neochrysocharis formosa (Westwood) numbers
at each egg pack that collected from Kursunlu (Cankiri) on July 26th, 2004.
Tube
D.pini
Emerged Egg
No
Eggs
Parasitoids
1
11
5
2
18
1
3
4
1
4
16
1
5
13
6
6
7
0
7
14
3
8
17
0
9
10
2
10
6
1
11
7
3
12
12
0
13
7
0
14
10
2
Parasitized D.pini Egg
D.pini Larvae Hatched Eggs
Total D.pini Eggs
Parasitization Ratio (%)

Tube
No
15
16
17
18
19
20
21
22
23
24
25
26
27
28

D.pini
Eggs
8
18
8
21
10
13
8
14
11
13
14
5
19
18

Emerged Egg
Parasitoids
4
5
2
9
1
8
4
2
8
2
1
2
9
3

Tube
No
29
30
31
32
33
34
35
36
37
38
39
40
41
145
372
517
28.05
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D.pini
Eggs
7
19
7
29
17
23
11
6
7
8
14
20
17

Emerged Egg
Parasitoids
3
12
0
10
9
4
0
2
4
0
4
3
9
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TABLE 2
Cocoon parasitoids of Diprion pini L. which were sampled at Scots pine forest in Kalfat (Orta, Cankiri)
between 2003 and 2004
Species
Exenterus oriolus Htg.
Pleolophus basizonus (Grav.)
Exhyalanthrax afer Fabricious
Dahlbominus fuscipennis (Zetterstedt)

Order
Hymenoptera
Hymenoptera
Diptera
Hymenoptera

Family
Ichneumonidae
Ichneumonidae
Bombyliidae
Eulophidae

Year
2003
2003
2004
2004

FIGURE 6
Exenterus oriolus Htg. adult (Photograph by Olli-Pekka Tikkanen) (a), Pleolophus basizonus (Grav)
adult (Photograph by Anette Herz) (c) P.basizonus egg on D.pini pronymph (Photograph by Anette
Herz) (d)

FIGURE 7
Exhyalanthrax afer Fabr. adult (a), Larvae of Dahlbominus fuscipennis (Zetterstedt) that feed on
pronymph of Diprion pini L. in cocoon (b) and D.fuscipennis adults (c) (Photograph by John H. Ghent,
USDA),

Selfa et al. [59] report N.formosa as the most dominant egg parasitoid of D.pini with 23.7-35% parasitization ratio.
In certain studies in Turkey, N.formosa is reported as one of the natural enemies of Liriomyza trifolii [60]. Also dÕNPDQ HW DO >@ reported N.formosa emerged from L.trifolii LQ 'L\DUEDNÕU-Dicle,
Turkey. $NÕQFÕ DQG $YFÕ >@ reported that N.formosa emerged from Neodiprion sertifer (Geoffr.)
(Hymenoptera: Diprionidae) eggs. There are other
studies regarding N.formosa emerging from various
hosts such as C.horticola, L.huidobrensis, L. cicerina, Phytomyza chelonei, Phyllocnistis citrella, Micrurapteryx sophorivora [63-68]. The previous studies show that N.formosa is determined from D.pini
eggs for the first time in Turkey.

On the other hand, there are limited studies regarding this egg parasitoid, Neochrysocharis formosa (Westwood) not only in Turkey but also in
other countries. Neochrysocharis species are generally known as polyphagus parasitoids of many leaf
miners and leaf rollers which belong to Lepidoptera,
Diptera, Hymenoptera and Coleoptera orders [52].
Larvae of N.formosa stops host development by attacking host eggs or larvae [53]. N.formosa is one of
solitary endoparasitoids of leaf miners and reproduces with arrhenotokie. Its development takes 14.4
days at 25°C from egg to adult [54, 55]. Luna et al.
[56] report that N.formosa emerged from Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) and
parasitization ratio varied between 1.5-5.0%. Certain
researchers report this parasitoid is one of the most
important natural enemies of Liriomyza trifolii (Burgess) [57]. Saleh et al. [58] report that N.formosa
could be reared in laboratory conditions on Liriomyza buidobrensis (Blanchard) as host species.

Determination of the Cocoon Parasitoids of
Diprion pini L. and Their Efficiencies in Kalfat.
The parasitoid species emerged from the cocoons of
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the egg parasitoids [mainly Chrysonotomyia ruforum (Krausse)] from 53% to 79% among the factors causing D.pini outbreak to crash [50]. Studies
carried out between 1977 and 1979 revealed that
there are 24 parasitoids of D.pini exist in the region
in Rostov region in Russia. The most common 7 parasitoids include Exenterus oriolus and P.basizonus
[40]. P.basizonus and Exenterus abruptorius was determined as a result of the surveys carried out in Poland between 1977 and 1978. Parasitization ratio
was found as high as 42-67% with the effect of near
rich deciduous stands however the parasitization ratio was found as low as 16-24% within poor and arid
stands where coniferous trees grow [41]. Another
study carried out in Scots pine stands where D.pini
outbreaks occurred in The Netherlands between
1982 and 1983 show that 106 out of 400 D.pini cocoons were infected by parasitoids and 88% of which
was P.basizonus and 7% of which was Exenterus
amictorius [42]. Ichneumonid Exenterus oriolus attack eonymphs of diprionids before pupation. Females lay an egg onto eonymph integument and the
parasitoid egg hatches after the host gets into cocoon. Also Exenterus oriolus is found as a specific
parasitoid for D.pini in the Rostov (Russia) region.
Exenterus oriolus overwinter as second or third instar in host cocoon or its own cocoon. At the beginning, although the host is alive, the host is consumed
by this parasitoid later. Exenterus oriolus has two
flight periods (1) from end of May to July and (2)
from August to September. Parasitoid emergence ratio is strongly correlated with overwintering period
in both flight periods. Adults that overwintered at
larva stage emerge at the first flight period however
the ones that overwintered at eonymph period generally emerge at the second flight period. The other
dominant ichneumonid cocoon parasitoid of D.pini
is P.basizonus. Female P.basizonus has short wings
and search for prey in the litter. Thus it rarely attacks
D.pini from the first flight period on top of trees [43].
A study carried out in Germany in 1994 show that
D.pini is an important pest of Scots pine and results
of many studies for the last 10 years showed that
most of D.pini cocoons had been attacked by P.basizonus. In case of lower host density, the larval parasitoids but in case of high host density the cocoon
parasitoids become important. In outbreak periods
when hosts are found more easily, cocoon parasitoids become abundant via higher competing capabilities [45]. There are certain studies in literature
that show D.fuscipennis as a pupal parasitoid of
many diprionid species [70-72]. It is determined that
the parasitization ratio of cocoons may change at
various years, season and forest types therefore the
highest parasitoid attack ratio is observed at pure
pine stands growing on poor soils however the parasitization ratio never exceeds 24% [45]. A study carried out in Russia shows that change in sex ratio of
D.fuscipennis does not affect the number of developing parasitoids in the host however sex ratio affects

D.pini in Kalfat (Orta, Cankiri) are given in Table 2.
Table 2 shows that Exenterus oriolus Htg. and Pleolophus basizonus (Grav.) (Hymenoptera: Ichneumonidae) emerged from cocoons in 2003, and
Exhyalanthrax afer Fabricious (Diptera: Bombyliidae) and Dahlbominus fuscipennis (Zetterstedt)
(Hymenoptera: Eulophidae) emerged from the cocoons in 2004. Visual data regarding the cocoon parasitoids are given in Figures 6 and 7 [Exenterus oriolus in Figure 6(a), P.basizonus in Figure 6(b,c),
Exhyalanthrax afer in Figure 7(a) and D.fuscipennis
in Figure 7(b, c)].
Evaluation of the species given in Table 2
shows that Exenterus oriolus emerged from 3% and
P.basizonus emerged from 12% of D.pini cocoons in
2003. Also, Exhyalanthrax afer emerged 5% of
D.pini cocoons in 2004. Emergence ratio of the parasitoid D.fuscipennis was not calculated since
D.fuscipennis larvae develop gregariously in D.pini
cocoons.
Our literature search on the cocoon parasitoids
of D.pini showed that there are not any other larvalpupal parasitoids of D.pini except Drino gilva Hert.
and Diplostichus janithrix (Hartig.) (Diptera:
Tachinidae) in Turkey [14-16]. Thus, the cocoon
parasitoids determined in this study (Exenterus oriolus, P.basizonus, Exhyalanthrax afer and D. fuscipennis) may be the first record to say these parasitoids also exist in Turkey as parasitoids of D.pini.
However, in other countries, there detailed studies
on the natural enemies of D.pini. Many previous
studies show that Exenterus oriolus and P.basizonus
are well-known parasitoids of D.pini in Europe and
Russia. Koscielska [36] reports that P.basizonus was
5.5% effective on D.pini in a study carried out between 1967-1968 and 1970. This parasitoid is reported that could be reared in laboratory conditions
quite easily [69]. In a forest in Federal Germany between 1976-1978, it is reported that the increase of
parasitizing effectiveness of Exenterus amictorius
and P.basizonus populations caused the collapse of
D.pini populations beside of unfavorable meteorological conditions causing inadequate food for
D.pini [37]. A total of 4000 D.pini cocoons which
were collected in May of 1976 in southern Poland
were analyzed and results showed that 898 of 400
were dead and 3102 of that were continuing to develop. Ichneumonid parasitoids Exenterus oriolus
and P.basizonus were emerged from those developing D.pini cocoons [38]. Results of a study carried
out on cocoon parasitoids of D.pini in Germany
show that the most common parasitoids were found
to be Exenterus amictorius, Exenterus oriolus and
P.basizonus. The parasitization ratio of D.pini cocoons by those parasitoids was calculated between
81-89% [39]. Results of another study carried out between 1976 and 1978 in Germany show cooler
spring temperatures and the increase of efficiency of
cocoon parasitoids (mainly P.basizonus) from 23%
in the spring to 73-75% in July and also increase of
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the number of the fertilized eggs laid by female parasitoids [73]. Another study carried out in Russia
shows that summer temperatures affects the efficiency of this parasitoid [74]. The only dipteran species emerged from D.pini cocoons in this study,
Exhyalanthrax afer is found to be a common palearctic species and emerged from tachinid or ichneumonid pupae on Thaumetopoea pityocampa
(Den.&Schiff.) and Neodiprion sertifer (Geoffr.)
[75], and thus Exhyalanthrax afer is a hyper parasitoid species developing on other parasitoids inside
D.pini cocoons.

Fresenius Environmental Bulletin
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CONCLUSION
Results of this study which was carried out in
order to determine egg and cocoon parasitoids of Diprion pini L. and their efficiencies between 20032004 in Kalfat (Orta, Cankiri) and Kursunlu (Cankiri) at Scots pine (Pinus sylvestris L.) forests listed
below:
x Neochryocharis formosa (Westwood 1833)
(Hymenoptera: Eulophidae) as egg parasitoid; Pleolophus basizonus (Grav.), Exenterus oriolus Htg.
(Hymenoptera: Ichneumonidae), Dahlbominus
fuscipennis (Zetterstedt) (Hymenoptera: Eulophidae) as cocoon parasitoids are determined as a result of this study. Also a hyper parasitoid species,
Exhyalanthrax afer Fabr. (Diptera: Bombyliidae) is
determined from D.pini cocoons.
x The most efficient parasitoid species was
found to be N.formosa (28-100%) which emerged
from D.pini eggs collected from Kursunlu forest and
later P.basizonus (12%), Exhyalanthrax afer (5%),
Exenterus oriolus (3%) that emerged from D.pini cocoons collected from Kalfat. Both cocoon parasitoids (P. basizonus, Exenterus oriolus, D. fuscipennis) and the egg parasitoid (N. formosa) of D.pini determined in this study are the first record of being
parasitoids of D.pini in Turkey. Although Akinci and
Avci [62] determined N.formosa emerging from Neodiprion sertifer (Geoffr.) cocoons in Isparta (Turkey), there is no record of this egg parasitoid emerging from D.pini in Turkey. There are not much of
studies also in other countries on N.formosa which is
found to be the most effective parasitoid in this
study. Also Exhyalanthrax afer is determined for the
first time in Turkey.
x It is determined that N.formosa adults
emerge quite a while later than D.pini larvae
hatched. Thus we believe this finding is an important
parameter for determination of control timing
against this pest while protecting natural enemies.
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1

oxygen radicals in the liver and blood of rats [1,3].
Toxic bile products and neutrophil migration involve
in the synthesis of free oxygen radicals in the liver
parenchyma [4]. It has been revealed that free
oxygen radicals may cause a damage in the tissue
with obstructive jaundice [5]. In the liver which
obstructive jaundice is built up, antioxidant enzyme
activity decreases, occurence of oxidation increases
and glutathione ratio is reduced [6].
Oxidative stress and the damage induced by
free oxygen radicals may result in multiple organ
dysfunctions. Since there are contraversial views
about the pathogenesis of OJ-induced tissue damage,
therefore, it has not yet been fully understood [5].
Antioxidant enzyme activity protects the body
against oxidative stress by constantly removing the
free radical intermediates. There are also other
mechanisms with non-enzymatic nature and
including various natural and synthetic antioxidants
VXFK DV JOXWDWKLRQH DQG Į-tocopherol that prevent
oxidative damage by reacting with free radicals.
Including low molecular-weight antioxidants in the
diet may strenghten the antioxidant defense system
[6].
Flavonoids form important part of human diet
as naturally occuring polyphenolic compounds,
which can be found in a variety of fruits, vegetables,
cereals, tea, wine and fruit juices [7-9].
Hesperidin represents a type of flavanone
glycoside mainly found in citrus fruits. By
scavenging free radicals it reveals its antioxidant
property. Hesperidin is known for its antiinflammatory and neuroprotective effects and
provides modulation of drug-metabolizing enzymes
without toxicity [10-15].
This study focused on searching the healing
properties of hesperidin on the liver and remote
organs damaged by OJ.

ABSTRACT
Hesperidin is a compound found primarily in
citrus fruits, which provides the body with flavanone
glycoside. Recent studies have revealed its antiinflammatory, neuroprotective and antioxidant
effects. The aim of this study was to to determine the
possible effects of hesperidin on liver damage in
experimental obstructive jaundice (OJ). For
experiments, equally distributed eight groups were
formed with 32 Wistar-Albino female rats and the
following supplementation were given to each
group: Group 1- Sham-operated group, Group 2Sham + Hesperidin (150 mg/kg/day), Group 3- Bile
duct ligation (BDL), Group 4-BDL + Hesperidin
(150 mg/kg/day). After the supplementation, a significant increase was observed in serum levels of aspartate aminotransferase (AST), and alanine aminotransferase (ALT) activities, and the levels of Direct Bilirubin (D. Bilirubin), Indirect Bilirubin (ID.
Bilirubin) and hepatic lipid peroxidation (LPO) and
glutathione (GSH) were determined. In addition, a
significant increase was observed in serum levels of
AST, ALT, TG, D. and ID. Bilirubin, hepatic LPO
levels of Group 3 compared to Group 1. The serum
levels of AST, ALT, TG and hepatic LPO levels
Group 4 were notably lower than that of Group 3. It
was concluded that hesperidin may be effective on
experimental obstructive jaundice, therefore, can be
used in treatment of OJ.

KEYWORDS:
Obstructive Jaundice, Flavonoids, Hesperidin, Glutathione, Lipid Peroxidation

INTRODUCTION
OJ occurs as a result of an interrupted bile
drainage. It is a common health problem with high
morbidity and mortality rates. Although there are
advancements in surgical techniques and new potent
antibiotics have been developed, sepsis is one of the
prominent causes of obstructive jaundice mortality
after surgery [1-3]. It has been reported that
obstructive jaundice causes overproduction of free

MATERIALS AND METHODS
Chemicals. Hesperidin and other chemicals
were of the highest purity and were obtained from
Sigma-Aldrich (St Louis, MO, USA).
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groups 2 and 4, hesperidin was delivered for 8 days
as a single dose per day via gavage. At the end of
experimental period for 8 days, similarly all rats sacrificed by taking blood via cardiac puncture under
anesthesia. Serum AST, ALT, TG, D. and ID. Bilirubin measurements were performed on autoanalyzer.

Animals and experimental design. Female
Wistar-albino rats aged 12-16 weeks weighing 200250 g were used in this study. They were obtained
from the Üsküdar University Animal Laboratory (Istanbul, Turkey). Rats were housed in a light-and temperature-controlled room on a 12/12 hr light/dark cycle. The animals allowed free access to food and water and were kept in wire-bottomed stainless steel
cages. The experimental procedure used in this study
met the guidelines of the Animal Care and Use Committee of the Üsküdar University. Local ethical committee was also approved the study (Ü.Ü-HADYEK/
2017-12).
Rats were divided into four groups; Group 1Sham-operated group, Group 2- Sham + Hesperidin
(HES) (150 mg/kg/day), Group 3- Bile duct ligation
(BDL), Group 4- BDL + HES (150 mg/kg/day).

Determination of hepatic GSH levels. The tissue samples of livers that were obtained from the rats
were quickly removed, washed in cooled 0.9 %
NaCl. Liver tissue was homogenized in ice-cold 0.15
M KCl (10 %; w/v). GSH levels in liver homogeQDWHV ZHUH PHDVXUHG E\ XVLQJ ¶-dithiobis-(2-nitrobenzoate) (DTNB) at 412 nm spectrophotometrically [16].
Determination of hepatic LPO levels. Lipid
peroxidation (LPO) was assayed by measuring MDA
levels in homogenate. MDA levels in tissue homogenate were determined as TBARS according to the
method of Yagi [17].
Histopathological Examination. Liver tissues
from groups were fixed in 10 % formalin for 24 h.
After routine tissue processing the tissues were embedded in paraffin.  ȝP WKLFN VHFWLRQV obtained
from each paraffin block were stained with hematoxylin and eosin (H&E) for histopathological evaluation under digital light microscope. Inflammatory activities and fibrosis were evaluated semiquantitatively according to the modified histological activity
index (HAI) described by Ishak [18]. The scoring
scales of the pathological findings are given in Table
1.

FIGURE 1
A. Bile duct exploration B. Bile duct ligation

All surgeries were performed on rats under anesthesia with ketamine 80 mg/kg (intraperitoneal
(i.p.) (Ketalar, Parke-'DYLV øVWDQEXO 7XUNH\  DQG
xylazine HCl 10 mg/kg i.p. (Rompun; Bayer AG;
Leverkusen, Germany) The operations were carried
out in sterile settings. After the midline abdominal
incision, the bile duct was identified and mobilized.
For BDL groups (group 3 and 4), the bile duct was
Statistical Analysis. The data were statistically
then doubly ligated using 4-0 silk and divided (Figanalyzed by SPSS version 20.0. Statistical packages
ure 1 A, B). Sham-operated rats (Groups 1 and 2) un(IBM, New York, USA). Data were presented as a
derwent a similar incision followed by mobilization
mean ± SD. Statistical differences between the
of the bile duct, without any ligation or sectioning.
groups were determined using one-way analysis of
Thereafter, the abdominal wall was closed with 2-0
YDULDQFH $129$ IROORZHGWKH7XNH\¶V test. p valsilk sutures using a continuous suture pattern. For
ues <0.05 were considered statistically significant.
TABLE 1
Scoring scale of fibrosis and liver damage
Pathological findings
Scores
No fibrosis
0
Fibrosis of some portal areas without fibrous septae
1
Fibrosis of some portal areas with fibrous septae
2
Fibrosis in portal areas, sparse porto-portal (P-P) bridging fibrosis
3
Fibrosis in portal areas and dense (P-P) and porto-central (P-C) bridging fibrosis 4
Dense P-P and P-C bridging fibrosis and sparse nodules (incomplete cirrhosis)
5
Complete cirrhosis
6
'XFWDO3RUWDOøQIODPPDWLRQ
Scores
None
0
Mild, some or all portal areas
1
Moderate, some or all portal areas
2
Moderate/marked, all portal areas
3
Marked, all portal areas
4
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TABLE 2
Values of biochemical parameters
Parameters
Sham
Sham+HES
BDL
BDL+HES
563.80±277.40b
191.50±103.50
143.50±121.30
744.90±514.90a
AST (mg/dL)
234.30±148.20a
188.80±106.00b
80.40±48.30
70.20±48.30
ALT (mg/dL)
6.32±3.23
6.25±4.01c
0.08±0.03
ID. Bilirubin (mg/dL) 0.14±0.11
10.06±7.61aa
11.73±7.05aa
0.05±0.01
0.02±0.00
D. Bilirubin (mg/dL)
254.79±237.84aa
256.65±223.68aa
256.72±226.91
273.05±233.37
GSH (% mg)
35.03±7.05a
4.72±1.32
8.23±1.30
6.05±1.55
LPO (nmol/g)
aSignificantly different Sham, Sham+HES and BDL+HES groups, b Significantly different Sham, Sham+HES and
BDL groups, c Significantly different Sham group, aa Significantly different Sham and Sham+HES groups.

p
0.001
0.001
0.001
0.001
0.042
0.001

TABLE 3
Mean pathological scores of the groups
BDL
BDL+HES
Pathological findings
Sham
Sham+HES
3.18±1.61 a
1.88±0.00 b
0.00±0.00
0.00±0.00
Periportal/periseptal interface hepatitis
c
2.84±0.00
2.24±0.00 c
1.04±1.04
1.04±1.04
Confluent necrosis
2.51±1.08 a
1.71±0.00 b
0.00±0.00
0.00±0.00
Portal inflammation
a
2.31±1.68
1.91±1.28 b
0.00±0.00
0.00±0.00
Portal fibrosis
0.00±0.0
4.01±2.98 b
0.00±0.00
0.00±0.00
Lobular necroinflammation
c
6.32±5.47
6.22±5.37 c
0.00±0.00
0.00±0.00
Ductal proliferation
a
b
Significantly different Sham, Sham+HES and BDL+HES groups, Significantly different Sham, Sham+HES and
BDL groups, c Significantly different Sham and Sham+HES groups.

antioxidants play an important role in neutralizing
ROS [6].
Flavonoids are getting great attention by
researchers who are studying in the field of
antioxidants for their versatile and beneficial antiinflammatory, cytostatic, anticarcinogenic, apoptotic, antiangiogenic, antioxidant, and estrogenic
properties [24-28]. Hesperidin (3¶, 5,7-trihydroxy-4¶methoxy-flavanone-7-rhamnoglucoside), belongs to
a group of main citrus flavonoids known for its
antioxidative,anti-inflammatory, antihypercholesterolemic activity, anti-hypertensive and diuretic
properties [29].
Postponing the treatment of OJ may be of high
risk for patients, therefore, its treatment process
should start immediately after diagnosis with
supportive medical treatment in order to preserve the
hepatocellular function Pre-operative procedures are
highly significant for it can prevent potential
complications that can increase the morbidity and
mortality from surgical procedures, in order to
prepare the patient for surgery in optimal conditions
[19].
Many researchers have being recently
investigating the mechanisms behind the beneficial
effects of hesperidin. . Therefore, they have mainly
concentrated on the antioxidant, anti-inflammatory,
and neuroinflammatory effects of hesperidin [28,
29].
Lipid
peroxidation
and
membrane
disintegration cause an increase in MDA levels
through oxidative damage [30-32]. It has been
UHSRUWHG E\ <ÕOPD] HW DO >@ WKDW SRPHJUDQDWH
causessignificant decrease in LPO levels. In this
study, administration of hesperidin was found to
decrease LPO levels in an experimental OJ. We can

RESULTS AND DISCUSSION
Liver function tests (AST, ALT, ID. Bilirubin,
D. Bilirubin) of the BDL group were increased
significantly compared to the sham group, which
indicated that BDL was successfully performed. The
AST, ALT, ID. Bilirubin and D. Bilirubin values of
the Sham+ HES and BDL+HES groups were
significantly decreased compared to the Sham group
and the BDL group respectively (Table 2).
The mean scores of the HAI of the groups are
given in Table 3. When statistical analyses of the
HAI scores were performed, it was found that the
histopathological damage in the BDL + HES group
was significantly less than the damage in the Sham
group (p < 0.05).
There are various causes of OJ including
mechanical obstruction of the extrahepatic or
intrahepatic bile ducts induced by stones, tumor,
inflammation, or other causes, which in the end
results in hepatic damage caused by reactive oxygen
species (ROS) [19-22].
Removal of ROS from the body is naturally
performed by enzymatic and non-enzymatic
antioxidants. If ROS cannot be removed by natural
scavengers, it can cause damage as a result of
peroxidation of the polyunsaturated fatty acids
within the phospholipid structure in the cell
membrane. Lipid peroxidation may disturb structural
organisation, enzymati inhibition and cause cell
death by reducing the fluidity and the barrier
function of membranes. In addition, oxidation of
lipids contributes to protein synthesis, precludes
destruction triggered by macrophage function, and
reconstructs chemotactic activity [23]. In such cases,
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[3] <ÕOPD] (( $UÕNDQR÷OX $ 7XUNR÷OX (
.ÕOÕo ( <NVHO + *Pú 0   The
protective effects of pomegranate on liver and
remote organs caused by experimental
obstructive jaundice model. Eu. Rev. Med.
Pharmacol. Sci. 20, 767-772.
[4] Gümü, Y., Yüksel, H., Evliyaoglu, O., Kapan,
M., Böyük, A., Önder, A., Aldemir, M. (2011)
Effects of ellagic acid on copper, zinc, and
biochemical values in serum and liver of
experimental cholestatic rats. Biol. Trace. Elem.
Res. 143, 386-393.
[5] Gul, M., AlÕRVPDQRJOX,8VOXND\D2)ÕUDW
U., Yuksel, H., Gümüs, M., Ulger, B.V. (2013)
The protective effect of ellagic acid on lung
damage caused by experimental obstructive
jaundice model. Acta. Chir. Belg. 113, 285-289.
[6] Khan, N., Afaq, F., Mukhtar, H. (2008) Cancer
chemoprevention through dietary antioxidants:
progress and promise. Antioxid. Redox. Signal.
10, 475-510.
[7] Beecher, G.R. (2003) Overview of dietary
flavonoids: nomenclature, occurence and intake.
J. Nutr. 133, 3248-3254.
[8] Nones, J., Stipursky, J., Costa, L.C., Gomes,
F.C.A. (2010) Flavonoids and astrocytes
crosstalking:
implications
for
brain
development and pathology. Neurochem. Res.
35, 955-966.
[9] Nones, J., Stipursky, J., Costa, L.C., Gomes,
F.C.A. (2012) Effects of the flavonoid
hesperidin in cerebral cortical progenitors in
vitro: indirect action through astrocytes. Int. J.
Devl. Neuroscience. 30, 303-313.
[10] Yang, H.L., Chen, S.C., Kumar, K.J., Yu, K.N.,
Chao, D.L., Tsai, S.Y., Hou, Y.C., Hseu, Y.C.
(2012) Antioxidant and anti-inflammatory
potential of hesperetin metabolites obtained
from hesperitin-administered rat serum: na ex
vivo approach. J. Agric. Food Chem. 60, 522532.
[11] Umeno, A., Horie, K., Murotomi, Y., Nakajima,
Y., Yoshida, Y. (2016) Antioxidative and
antidiabetic effects of natural polyphenols and
isoflavones. Molecules. 21 (6) (pii: E708).
[12] Ren, H., Hao, J., Liu, T., Zhang, D., Lv, H.,
Song, E., Zhu, C. (2016) Hesperetin suppresses
inflammatory responses in lipopolysaccharideinduced RAW 264.7 cells via the inhibition of
NF-KB and activation of Nrf2/HO-1 pathways.
Inflammation. 39(3), 964-973.
[13] Hwang, S.L., Yen, G.C. (2008) Neuroprotective
effects of the citrus flavanones against H2O2induced cytotoxicity in PC12 cells. J. Agric.
Food Chem. 56, 859-864.
[14] Parhiz, H., Roohbakhsh, A., Soltani, F., Rezaee,
R., Iranshahi, M. (2015) Antioxidant and antiinflammatory properties of the citrus flavonoids
hesperidin and hesperetin: an updated review of
their molecular mechanisms and experimental

obtain some information about oxidative stress by
evaluating either oxidant or antioxidant activity,
although evaluating both types of activities may
represent a more complete oxidative stress profile.
For the evaluation of antioxidant status, we have
used GSH. There was an increase in GSH levels in
the Group 4 compared to Group 3, however, this
increase was not statistically significant.
Simultaneously, GSH levels significantly decreased
in the Group 2 compared to Group 1. This indicates
that flavonoids may act as a pro-oxidant rather than
an antioxidant [33, 34].
OJ has been found to contain hepatic
parenchymal injury,
however, fundamental
mechanism of hepatic sinusoidal endothelial cell
injury has not been discovered yet [35]. Lipid
peroxidation has been shown to significantly
increase also by bile duct obstruction, resulting in
elevated ROS and reduced antioxidant enzyme
activity [6]. Cytoprotective, antioxidant and antiinflammatory effects of hesperidin were confirmed
by a number of studies in the literature including this
study [9, 10, 12-15, 36]. Yet, no research is found
investigating the effects of acute hesperidin on OJ.

CONCLUSIONS
It was determined that hesperidin supplementation created a change in the effect of oxidative stress
on the liver tissue of rats damaged by OJ. However,
current findings are not adequate to assess the healing effects of hesperidin on OJ, therefore, it is necessary to conduct further comparative, experimental
and clinical research in order to investigate the clinical effects of hesperidin on OJ.
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of 5 fruit and vegetable portions are recommended as
an important element for healthy nutrition [1]. The
antioxidant content of fruit juices and vegetables
especially reveals the importance of fruit juice
consumption for a healthy life. In developed
countries around the world, consumers have prefered
fruit juices for their vitamin and mineral needs for
several years. The woUOGV¶VIUXLWMXLFHFRQVXPSWLRQ
is 27.2 liters in the USA, 32 liters in Canada, 22.7
liters in the EU (24 countries), 38.9 liters in
Germany, 37.2 liters in Norway, 27.1 liters in
Finland, 29.1 in Holland, 31.8 in Australia, 27 liters
in France, 24 liters in Spain, 23 liters in England, and
12 liters in Italy [2].
Fruit juices contain fruit as well as; phenolic
compounds, vitamin C, and carotenoids which create
antioxidant activity [3, 4]. Furthermore, it was specified that fruit juices are more appropriate food
products than fresh fruits because of the digestion of
their protective bioactive compounds [3, 5]. For
example, in a study about pomegranates it was
identified that commercial pomegranate juice contained more antioxidant activity than pomegranate
granulars. This is because the commertial ones are
squeezed with their skin which contains the
hydrolysable tannins of the fruit [6]. The most
commonly consumed juices are citrus fruit extracts
such as orange and grapefruit. They are very rich in
vitamin C, which has preventative effects on
esophagus and uterus cancers [7]. In different
studies, health benefits were determined such as;
being a diuretic, helping muscle and nerve
development, increasing liver health, increasing
brain activity, reducing cholesterol, reducing indigestion, and reducing cancer risks [8-10]. These
findings reflect the importance of fruit juice in terms
of a healthy diet.
The first fruit juice production was done in
 E\ %RVVWD\ EUDQG ZRUOGZLGH ,Q WKH ¶V
other companies began to follow, and the fruit juice
sector started to show signs of diversification in this
market. According to consumption figures, the
annual consumption is over 22 liters per capita in
developed countries. The size of the fruit juice
market is 13 billion dollars worldwide, and
development is continuing to accelerate.
Especially in developing and developed

ABSTRACT
Parallel to world trends, the fruit juice sector in
Turkey shows an upward inclination. Within the
diverse product range of beverages, consumers are
beginning to purchase fruit juices increasingly. The
IUXLW MXLFH VHFWRU¶V GHYHORSPHQW DORQJ ZLWK DQ
increasing trend of consumption; makes the
observation of consumer attitudes important. The
increase expectation demonstrates the development
potential of this sector which has 13 liters per capita
of fruit juice consumption annually.This study was
focused on determining the factors impacting
KRXVHKROGV¶ DWWLWXGHV WRZDUGV IUXLW MXLFH
consumption in urban areas. The Factor Analysis
was used for evaluating the data which were obtained
from 1152 households by face to face interviews in
Turkey. The concluding factors which have
restrictive or supportive effects on the orientation of
fruit juice products were; the knowledge level about
the products, consumption benefit perceptions,
advertising activities, slogans aimed at increasing
consumer awareness, the consumption level of
alcoholic and soft drinks, and fresh fruit and
vegetable consumption habits.
KEYWORDS:
Fruit Juice, Consumer Attitudes, Factor Analysis, Turkey

INTRODUCTION
Nowadays, the concept of consumption begins
to gain different dimensions by various food
products. The development of healthy life style
awareness makes differences in purchasing
behaviors of consumers. This consciousness is
orienting consumers to buy fresh fruit and
vegetables, as well as fruit juices. This adjustment
affects new firms and leads them to bring new
marketing activities and product types.
Along with the developing healthy life trend,
fruit juice consumption has reached an important
position in non-alcoholic beverages. Within the
FRQWH[WRIWKH³DGD\´SURJUDPPHRIWKH:RUOG
Health Organization (WHO), the daily consumption
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relationships between non-alcoholic drinks and
factors such as; price, gender, region, poverty status,
age, presence of children, and the educational and
working status of the head of the household [17].
IQ D WKHVLV WLWOHG ³$QDO\VLV RI &RQVXPHU
Preferences Toward 100% Fruit Juice Packages and
/DEHOV´ ZHE VXUYH\ GDWD ZHUH XVHG IURP 
households in the USA. The conjoint analysis was
used to determine the packaging and labeling
features affecting the 100% fruit juice selection. In
addition, the willingness to pay was also investigated. The determination of consumption preferences and the market segmentation based on their
life styles, the Factor Analysis, the Cluster Analysis,
and median division techniques were used. The
differences in market segments were analysed. Also,
the Logit Model was used for assessing relative
importance and willingness to pay. According to the
results, consumers have a willingness to pay for
products with positive values on a PET
(terephthalate polyethylene) package ($ 1.04)
mostly. Also, there is more of a willingness to pay
for sugar-free products ($ 0.29). Consumers who
have environmental sensitivities have a willingness
for organic contents and nutritional indexes [18].
In anothHUDQDO\VLVKRXVHKROGV¶QRQ-alcoholic
beverage consumption was evaluated by using the
USA National Food Stamp Program Survey data.
The effects of whole milk, low-fat milk, fruit juice,
coffee, tea, and soft drinks were found negative [19].
In this research, the attitudes and purchasing
behaviors on fruit juice consumption were examined
and the impacting factors were presented in a sample
of urban areas.

countries, the healthy nutrition trend has increased
the importance of the fruit juice industry. Fruit juices
and similar products are divided into four main
JURXSVDFFRUGLQJWRWKHLUIUXLWFRQWHQW³)UXLW
-XLFH´LVGHWHUPLQHGE\WKHSURGXFWZKLFKFRQWDLQV
100% of fruit that has the typical color, taste, and
odor of the fruit. It must be produced from healthy,
mature, fresh fruit or several types of fruits; and be
SUHVHUYHG LQ WKH FROG ³1HFWDU´ LV SURGXFHG E\
diluting the fruit concentrate, and has at least 25-99%
IUXLWFRQWHQW³-XLFH'ULQN´KDV-24% fruit and is
made with a technique using fruit juice, puree or
concentrate, water, and sugar. Another developing
W\SHLQWKHODVWIHZ\HDUVLV³)UXLW)ODYRUHG'ULQNV´
These are defined as the beverages which are
prepared with water, sugar, permitted additives,
flavoured syrups, and other ingredients (fruit content
rate is 0-9%) [11].
7XUNH\¶VSHUFDSLWDIUXLWMXLFHFRQVXPSWLRQKDV
UHDFKHGOLWHUVLQWKH¶VZKLFKZDVOLWHULQ
¶VDQGOLWHUVLQ7KLVILJXUHLVXQGHUWKH
per capita consumption level of developed countries,
but there is an increase expectation for fruit juice
consumption in the coming years. Rapid
developments, changes, and consumption increases
have been taking place in the fruit juice sector since
2000. This sector becomes important with 600.000
employees, 221 million dollars in export, and 1.25
billion dollars in indorsement. A 48% increase was
recorded in the indorsement in the last 5 years. There
is a growth expectation within developing countries
and the internal market.
When related studies were evaluated, an
analysis which examined the fruit juice consumption
and preferences of households was observed [12]. In
this research, the relationship between fruit juice
consumption and socio-economic indicators were
examined. In another study, the socio-economic
indicators impact on concentrated fruit juice
consumption were stated by the dependent variable
model (Tobit) [13].
In addition to these, there was a paper about the
effects of advertisements on non-alcoholic beverages
in the USA (by an almost ideal demand system). The
research results showed that the advertisements have
impacted milk, coffee, tea, and soft drink
consumption. On the other hand, they found that
advertisements have had no impact on bottled water
or fruit juice consumption [14]. Another analysis
H[DPLQHGVWXGHQWV¶FRQVXPSWLRQEHKDYLRUVRI QRQalcoholic beverages (soft drinks, tea, fruit juice,
mineral water, energy drinks) by their health status
and lifestyle criterias [15]. An additional article
determined the demographic and economic factors
that impacted the non-alcoholic beverage
consumption and purchasing of USA households. It
was highlighted that regular fruit juice consumption
was seen in younger households that have children,
and who were living in the western region [16].
Another research found statistically significant

MATERIALS AND METHODS
The primary data, which were collected from
face to face interviews, were used as the main
material. For the determination of a sufficient sample
size, it was assumed that 50% of them were fruit
juice consumers. The confidence interval was 95%
and the margin of error was 5%. The sample size was
found by using the following formula [20].
n: Sample size
z: 1.96
p: Fruit juice consumption rate of the
households (50%)
T íS
d: Margin of error ( ± 5%)
Accordingly, the study sampling consisted of
households residing in Antalya, Adana, and Hatay.
The total survey number was stated as 1152. The
simple random sampling method was used for the
selection of the households [21].
The primary data were analyzed by the SPSS
13.0 software programme, and the analysis of the
data was done by the Factor Analysis. The Factor
Analysis method is an explanation of the change of
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variable was age. Age differences were considered
as an important factor for determining fruit juice
consumption preferences and food consumption
patterns. The 25-34 age range group were the
majority with 33 percent. They were followed by the
18-24 age range group.
Educational level is a factor which affects
purchasing behaviors, consumption habits, and
attitudes about products. It is also important for the
type of advertisements, marketing strategies, and
promotions. According to the research findings, the
majority of the individuals were high school
graduates with the rate of 32%. This was followed by
college graduates with a share of 31.2%. On the other
hand, the lowest rate (2.0%) was for the consumers
who were literate but did not graduate from any
school.
Marital status findings showed that 54.7% of
the respondents were married, and 39.1% of them
were single. The average household size was 3.45.
The average female population was 1.70, and the
male population was 1.76 for these households. A
monthly income of between 861-1731 Euros was
acquired by 47.48% of the households (Figure 1).

limited dependent variables by the fewer
independent variables [22]. The Kaiser-Meyer-Oklin
(KMO) test was used for the determination of the
applicability and suitability of the Factor Analysis.
The meanings of the KMO values were considered
as follows: about 0.90 is very suitable, 0.80 is good,
0.70 is medium, 0.60 is low, 0.50 is very bad, and
under 0.50 is unacceptable [23]. The main criterias
which were taken into consideration while deciding
the number of factors were the Eigenvalue, screen
test, and variance criterias. The factors over the
eigenvalue of 1 were chosen.
,Q WKLV VWXG\ WKH ³3& 3ULQFLSDO &RPSRQHQW
$QDO\VLV 0RGHO´DQG³9DULPD[([WUDFWLRQ0HWKRG´
were used. The mathematical model of factor
analysis can be explained as follows [24];
X1= b11 f1 +b12 f2 +.........+b1k fk+u1
X2= b21 f1+b22 f2+.........+b2k fk +u2
Xp= bp1 f1 +bp2 f2 +.......+bpk fk + up
fk: General factors (the importance of the k
factor on the p variable measurement)
bpk: The correlation degree between the p
variable and the k factor
up: Unique factor (the sources of all the
changes which are unexplained by these factors)

RESULTS AND DISCUSSION
Socio-Economic
Characteristics
of
Households. Firstly, some socio-economic
characteristics that may affect consumer preferences
were determined. Accordingly, these characteristics
that include the basic information such as; gender,
age, education level, number of family members, etc.
are decribed below (Table 1).
In this analysis, 55% of the respondents were
female and 45% were male. Another descriptive

FIGURE 1
Fruit juice consumption rates
Fruit Juice Consumption and the Analysis of
Consumption Factors. The rate of the households
which regularly consume packaged fruit was 38.3%.
The average fruit juice expenditure of the households
was determined as 12.07 Euros/month.

TABLE 1
The demographic profile of the sample (n=1152)
Frequency
Gender
Female: 634 Male: 518
Age
18-24: 265 25-34: 380 35-44: 251 45-54: 162 55+: 94
Education
Literate:23 Primary School: 201
Secondary School: 369 High School: 136 Uni:359
MSc/PhD: 64
Marital Status
Married: 630 Single: 451 Widowed: 28 Divorced: 43
Household Size (Person)
1: 64 2: 218 3: 334 4: 334 5 and + : 202
Household Income (Euros-Monthly)
-1721:395
1722+: 210

Ratio (%)
Female: 55.0 Male: 45.0
18-24: 23.0 25-34: 33.0 35-44: 21.8 45-54: 14.1 55+: 8.2
Literate:2.0 Primary School: 17.4
Secondary School :32.0 High School: 11.8 Uni: 31.2
MSc/PhD:5.6
Married: 54.7 Single: 39.1 Widowed: 2.4 Divorced: 3.7
1: 5.6 2: 18.9 3: 29.0 4: 29.0
-1721:34.29
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ORDGLQJVZHUHGHWHUPLQHGE\WKH³YDULPD[VROXWLRQ
rotation tHFKQLTXH´ 7KH IDFWRUV ZKLFK KDG DW OHDVW
0.50 factor loading were evaluated (Table 2). Here,
the aim was to find out household attidutes by
analyzing the factor changes. The KMO value was
found high, and its average was 0.864. It shows the
applicability of the factors.

TABLE 2
Factor analysis results of initial solution
statistics
Factor
No
1
2
3
4
5
6
7
8

Eigen
Value
4.334
3.474
3.325
2.435
2.397
1.841
1.754
1.568

Additive
Variance
13.545
24.401
34.793
42.403
49.895
55.647
61.127
66.029

Variance
13.545
10.856
10.392
7.610
7.492
5.752
5.481
4.901

The Factor Analysis was used to determine the
factors impacting consumer attitudes towards fruit
juice. The factors which were over the Eigenvalue of
1 were selected. In this study, 32 household
characteristics that may affect the attitudes were used
for the analysis. According to a general rule, (the
number of variables which will be analyzed must be
a quarter or a fifth of the observation number) the
variables were reduced to 8. Then, the factor

The variables were grouped under eight factors.
These factors explained 66.03% of the total variance
(Table 2).
In Table 3, the factor loadings can be seen
which were obtained from the Factor Analysis.
When the factor loadings were determined, the 5%
significance level and the values over 0.180 were
taken into consideration [23].

TABLE 3
Dependency ratios between factors and criterias (factor loadings) (%)
Variables
The slogan about being fit
The slogan about immunization
The slogan about nervous system
The slogan about musclestrengthening
The consumption level of
carbonated drinks
The consumption level of fruity soda
water
The consumption level of soda water
The consumption level of beer
The consumption level of raki,
ZLQH«HWF
Staying away from carbonated
drinks
The effect of family members
Taste
Protecting health
Meeting the daily fluid intake
Consumption ease
Increasing body resistance
Recommendations
The effect of TV advertisements
The effect of radio advertisements
The effect of newspaper and
magazine advertisements
The effect of brochures- posters
The effect of educational news
Healthcare recommendations
The effect of promotional sales
The effect of price reductions
Fresh fruit consumption
Vegetable consumption
The knowledge status about the four
different fruit juice categories
The idea of having protective
additive contents in fruit juices
The knowledge status about E330
The knowledge status about
antioxidant
The slogan about wellness

FACTORS
F1
F2
3.2
9.0
4.1
3.9

F3
50.4
59.8
64.0

F4

F5

F6

F7

F8

48.4

62.6
69.1

51.7

79.0

70.9
84.1

49.8
77.1

85.2

77.3

64.6

31.1
28.7
53.7
63.0
56.7
55.7
56.3
37.2
4.0

3.5

63.0
57.0

4.7

4.2

21.9

10.3

18.2
35.8
45.7
40.8
42.0
40.4
22.5
53.6
53.3

4.9

7,2

3.9
4.7

5.0
32.1
47.2
54.5
53.3

72.6

78.5
4.9
8.0
4.1
4.1

68.7
17.9
6.6
12.9
8.1

2.5
3.6

76.4
71.1

4.1

3.8
3.6

Dependency
(Communality)
41.0
47.3
48.0

62.7
36.7
47.9
62.4
56.7
60.2
55.1

35.0

13.5

14.7

8.3

53.1

29.6

55.4

35.8
31.4

47.5
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consumption level of carbonated drinks. A strong
correlation was established between this factor and
the consumptions of carbonated drinks, fruity soda
water, and soda water. Of the total variance, 7.61%
can be explained. There is especially a weak negative
correlation between the health related criterias and
this factor. On the other hand, a positive correlation
can be seen with alcoholic drink preferences.

The criterias that made up the factors were expressed
in bold. In addition, the dependency ratio is a power
indicator of the linear relationship between the
variables. This value should be over 3.2 and at a 95%
significance level [25].
According to the Factor Analysis results, the 8
factors that affect the fruit juice purchasing
behaviors of consumers are described below with
their definitions and impact factors.

The Factor of Information and Promotion
Practices (F5). Variables such as educational and
informative news, recommendations from doctors,
promotional sales, and price reductions have a strong
correlation in this factor. These variables can explain
7.49% of this factor. Therefore, firms should use
these advertisement, information, price, and
promotion instruments for increasing their fruit juice
sales. Consumers are influenced by educational and
informative directions and recommendations.
However, consumers which are conscious about
YHJHWDEOH FRQVXPSWLRQ FDQ¶W EH LPSDFWed in this
respect (criteria 27; negative correlation).

The Factor of Consumption Benefit
Perception for the Product (F1). This factor
explains 13.54% of the total variance and its
relationship with variables such as; staying away
from carbonated drinks, the effect of family
members, taste, protecting health, meeting the daily
fluid intake, ease of consumption, increasing body
resistance, and recommendations. Moreover, this
factor has a weak positive correlation with
immunization, fitness, environmental health,
advertisement, and promotional criterias. These
criterias help consumers to perceive the benefits of
the products.

The Factor of the Alcoholic Beverage
Consumption Level (F6). This factor which
contains the consumption level of beer, raki,
ZLQH«HWFFDQH[SODLQRIWKHWRWDOYDULDQFH
Family members, price, and advertisements have an
impact to reduce the consumption of alcoholic
beverages. But the correlation between them is very
weak.

The Factor of Printed and Visual
Advertising Activities (F2). The following is the
second important factor which explains 10.86% of
the total variance. The variables related with this
factor are; TV, radio, newspaper and magazine
advertisements, brochures, and posters. This result is
H[WUHPHO\ LPSRUWDQW WR GHPRQVWUDWH WKH PHGLD¶V
impact on consumer preferences. Therefore, this
media element must be taken into account while
firms are targeting an increase in fruit juice
consumption. In addition, this factor has a weak but
negative correlation with variables such as; fresh
fruit and vegetable consumption, knowledge level
about fruit juice types, and antioxidant contents. This
kind of information decreases the media impact on
consumers.

The Factor of Knowledge Level about the
Product (F7). The seventh factor is the knowledge
level about the product (5.48%). This factor has a
positive correlation with the idea of having
protective additive contents in fruit juices, and the
knowledge status about E330 and antioxidant
contents. On the other hand, it has a strong but
negative relationship with the knowledge status
about the four different fruit juice categories (100%
fruit juice, nectar, fruit flavored drink, and juice
drink). However, consumers are willing to consume
100% fruit juices while they increase their
knowledge level about the different fruit juice types.

The Factor of Consumer Awareness Slogans
(F3). This factor can explain 10.39% of the aspects
impacting consumer attitudes. This factor states that
slogans related with the products have a strong
FRUUHODWLRQ EHWZHHQ WKH FRQVXPHU¶V IUXLW MXLFH
choices.
Consequently, the harmonic and sensuous
slogans should be an important tool in the new
marketing concept. It is noteworthy in terms of being
influential especially on families with children. The
SUHIHUHQWLDOVORJDQVDUH³'ULQNIUXLWMXLFHWREHILW´
³'ULQN IUXLW MXLFH IRU D VWURQJHU LPPXQH V\VWHP´
DQG³6WURQJPXVFOHVFRPHIURPIUXLWMXLFH´$OVR
advertisements, promotions, and price criteria create
a positive effect on this factor.

The Factor of Fresh Fruit and Vegetable
Consumption Habits (F8). This explains 4.09% of
the total variance (Table 3). In fact, this factor states
the main reason for the scarcity of fruit juice
consumption in Turkey. As a general habit,
consumers prefer to eat fresh fruit and vegetable
instead of drinking fruit juice. Houses with gardens
and fruit- trees are very common in Turkey which
explains the reason for low per capita fruit juice
consumption.

The Factor of the Consumption Level of
Carbonated Drinks (F4). According to the
findings, the forth factor impacting attitudes is the

6769

© by PSP

Volume 26 ± No. 11/2017 pages 6765-6772

Fresenius Environmental Bulletin


TABLE 4
The rotation of the factor analysis
Variables
The slogan about being fit
The slogan about
immunization
The slogan about nervous
system
The slogan about musclestrengthening
The consumption level of
carbonated drinks
The consumption level of
fruity soda water
The consumption level of
soda water
The consumption level of
beer
The consumption level of
UDNLZLQH«HWF
Staying away from
carbonated drinks
The effect of family
members
Taste
Protecting health
Meeting the daily fluid
intake
Consumption ease
Increasing body resistance
Recommendations
The effect of TV
advertisements
The effect of radio
advertisements
The effect of newspaper
and magazine
advertisements
The effect of brochures/
posters
The effect of educational
news
Healthcare
recommendations
The effect of promotional
sales
The effect of price
reductions
Fresh fruit consumption
Vegetable consumption
The knowledge status
about the four different
fruit juice categories
The idea of having
protective additive
contents in fruit juices
The knowledge status
about E330
The knowledge status
about antioxidants
The slogan about wellness

FACTORS
F1
F2
0.178
0.300

F3
0.710

F4
-0.065

F5
0.046

F6
0.018

F7
-0.084

F8
-0.038

Dependency
(Communality)
0.640

0.203

0.198

0.773

-0.050

0.024

0.066

0.038

-0.046

0.688

0.119

0.077

0.800

-0.070

0.149

-0.068

0.026

0.010

0.693

0.140

0.066

0.791

-0.073

0.161

-0.101

-0.070

-0.012

0.696

-0.007

-0.052

-0.046

0.831

-0.053

0.079

0.096

-0.080

0.719

-0.074

-0.039

-0.099

0.889

-0.120

0.070

0.122

0.010

0.842

-0.043

-0.038

-0.129

0.804

-0.057

0.158

0.106

0.018

0.706

0.018

-0.058

-0.015

0.176

0.028

0.917

-0.024

-0.037

0.878

0.075

-0.052

0.019

0.126

0.022

0.923

0.024

-0.037

0.879

0.558

0.186

0.216

0.140

0.206

0.024

-0.014

-0.111

0.468

0.536

-0.092

0.038

0.047

0.321

-0.137

-0.018

0.073

0.427

0.733
0.794

0.175
0.063

0.093
0.132

-0.099
0.029

0.033
0.077

0.106
0.092

0.009
0.092

-0.017
-0.024

0.598
0.676

0.753

0.129

0.107

-0.111

0.164

0.027

-0.003

-0.063

0.639

0.746
0.750
0.610

0.136
0.130
0.115

0.137
0.151
0.158

-0.166
0.015
-0.022

0.141
-0.084
0.158

0.036
0.040
-0.119

-0.055
0.156
-0.126

-0.059
-0.001
0.091

0.648
0.636
0.474

0.201

0.794

0.177

-0.055

0.159

0.022

-0.041

-0.003

0.732

0.140

0.755

0.222

-0.087

0.268

-0.077

-0.057

-0.039

0.730

0.136

0.886

0.143

-0.026

0.148

-0.073

0.014

0.018

0.852

0.167

0.829

0.155

-0.010

0.224

-0.035

-0.017

0.030

0.792

0.221

0.423

0.131

-0.010

0.567

0.080

0.138

-0.113

0.606

0.283

0.257

0.175

-0.017

0.687

0.082

0.124

-0.142

0.692

0.202

0.359

0.197

-0.157

0.738

-0.019

-0.111

-0.008

0.790

0.203

0.285

0.217

-0.191

0.730

-0.013

-0.114

-0.014

0.753

-0.024
-0.027

-0.060
0.060

-0.001
-0.103

-0.070
0.022

-0.008
-0.117

-0.029
-0.038

-0.034
-0.040

0.874
0.843

0.776
0.742

-0.078

-0.063

-0.014

0.044

-0.007

-0.002

-0.592

0.073

0.368

-0.173

-0.163

-0.166

0.202

0.108

0.064

0.383

0.017

0.288

0.031

-0.023

-0.034

0.079

-0.067

-0.003

0.729

-0.005

0.544

0.003

-0.033

0.074

0.194

0.001

-0.028

0.744

0.012

0.598

0.190

0.113

0.689

-0.080

0.151

0.047

0.039

-0.063

0.560

supported. Main factors such as the reading level of
label information, health-related perceptions, and
product reliabilities are influential factors on the
decision-making process. Parallel to the world, the
GHYHORSPHQW RI FRQVXPHU ULJKWV DQG WKH ILUPV¶
studies about consumer satisfaction will be critical in
the choice of fruit juice consumption. It is highly

CONCLUSIONS
According to the results of the study,
consumers usually make their choices corresponding
with their knowledge levels. Evidently, developer
policies and activities should be increased and
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recommended that firms redefine consumer
expectations and preferences by frequently looking
into updated consumer research. It should be taken
as feedback about the products placed on the market;
and the marketing strategy should be revised
accordingly.
The efficient use of mass-media with the
correct direction of communication is very
important. For example, convincing mothers is more
difficult than children. Because of that, the
marketing and advertising strategies should be
concentrating on mothers whose preferences are
important, as they are generally the ones doing the
purchasing.
Another result is the impact that knowledge and
misinformation levels have on cRQVXPHUV¶DWWLWXGHV
of the products. In this respect, it is important to
address the negative impacts of judgments such as
products causing tooth decay and obesity. This
situation emphasizes the need for the release of
accurate information in order to shape consumption
patterns.
:KHQ7XUNH\¶VIUXLWMXLFHLQGXVWU\LVFRPSDUHG
with Europe, it can be seen that the technologic
structure is rapidly improving at the same level. The
product types however, are less varied than in some
developed markets because the fruit juice concept
LVQ¶WDVIDPLOLDUDVLWLV(XURSH2QWKHRWKHUKDQG
the producers are beginning to increase the product
diversification in order to meet the rising demands of
consumers.
The creative mixtures that target all kinds of
tastes are increasing with each passing day. The
consumption share of functional or vitamin fruit
MXLFHVLVYHU\ORZDQGWKH\GRQ¶WVHHHQRXJKGHPDQG
On the other hand, these products will develop along
with the healthy life trend. Also, they have begun to
arrive on market shelves.
(XURSH¶V IUXLW MXLFH FRQVXPSWLRQ FRQVLVWV RI
FRQFHQWUDWH DQG ³1)&´ QRW IURP FRQFHQWUDWH 
products. The NFC concept is very new in Turkey
and the majority of fruit juices are produced from
concentrates. This trend has been increasing
especially in developed countries, and may occur in
Turkey in the future.
Finally, development is expected to continue
and change with the world trends. In addition,
instructive studies are expected to be valuable in this
process.
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transportation), and second is the material required
for crop production for example crop seed, fertilizer,
chemicals etc. The energy associated with these inputs can be categorized as direct energy (for on farm
activities) and indirect energy (for off farm activities
like manufacturing, packing and transportation of
the production material such as fertilizer, chemicals
and machinery) [3]. A suitable amount of energy and
its efficient use is necessary for improved agriculture
production and rural livings [4].
As indirect energy is not directly used at farm,
therefore, estimation of energy consumption in agriculture is a complex process because of massive
number of factors involved in crop production. However, many studies have been reported in literature
regarding the energy use in agriculture crop production [5, 6, 7, 8, 9, 10, 11].
Energy inputs-output analysis normally evaluates the energy efficiency based on the consequences
of energy being use in any given environment [12].
Energy efficiency i.e. output to input ratio and specific energy i.e. energy inputs to yield ratio, are commonly used indicators for energy efficiency assessment in agriculture production systems [13]. Data
envelopment analysis being regarded by many researchers in agriculture [13, 14, 15, 16, 17, 18, 19]
commonly used to measure the efficiency of different entities. This analysis is imperative to perform
essential improvements that will lead to an efficient
production system.
Therefore, the study aimed to analyze the energy use efficiency in Pakistani agriculture for wheat
crop, during Rabi production season 2015-16 by using data envelopment analysis (DEA) approach,
which is lacking in the preceding studies. Furthermore, it is expected to fill the gap in determining production system that involves the sustainable use of
energy in Pakistani agriculture. Particular objectives
of this study entail,
1- Assessment of energy consumption in
wheat production.
2- Share wise determination of inputs in total
energy input.
3- Trend of energy efficiency in wheat production.
4- Estimation of energy saving potential for
considered districts.

ABSTRACT
This study deals with, the estimation of energy
consumption, energy flow and energy efficiency in
wheat production of Pakistan. A cross sectional data
of 200 wheat growers were collected followed by
multistage sampling. Results depicted the overall energy consumption of 29787.0 MJ ha-1 in wheat production with an average yield of 3643.3 kg ha -1. Energy efficiency, specific energy, energy productivity
and net energy gain were 1.59, 8.18 MJ kg-1, 0.12 kg
MJ-1 and 17575.23 MJ ha-1 respectively. Furthermore, Data envelopment analysis approach has been
employed for technical efficiency assessment. Fertilizer, diesel fuel and electricity, were the main energy inputs to wheat production, contributing 83% of
total input energy. Therefore, for DEA input database, we considered these three inputs (fertilizer,
diesel fuel and electricity) as input and yield (kg ha1)
as output. Findings revealed that the average technical efficiency score was 73 %, with a plausible potential of energy saving from 1726.06 to 17013.99
MJ ha-1.

KEYWORDS:
Energy consumption pattern, Energy use efficiency, data
envelopment analysis, wheat, energy saving potential

INTRODUCTION
Wheat is an important cereal crop, used as a staple food in many countries. Being the key element of
food chain systems, it is extensively grown under
different climatic conditions. Although Pakistan is
considering an agricultural country, but still it is not
getting the wheat production at its potential level due
to numerous constraints, for instance lack of appropriate technology, improper use of inputs and managerial factors, are contributing toward stagnant or
lower productivity than frontier [1]. The efficient usage of farm inputs is one of the way to increase crop
productivity [2].
Two types of inputs were required for crop production, draught power to perform different field operations (from seedbed preparation to harvesting and
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FIGURE 1
Study area
consumed per unit area (h ha-1), Tl . economic life of
PDFKLQH K¶V 
Information regarding energy inputs and yield
were entered in excel and SPSS 16 spreadsheets.
Base on the energy equivalents (Table 1), total
amount of input and output energy were calculated.
Furthermore, energy use efficiency, specific energy,
energy productivity and net energy gain were assessed, and equated as below;
EO
(2)
EUK
EI
EI
(3)
E

RESEARCH METHODOLOGY
Site selection. Being the most popular food
crop of Pakistan, wheat dominants all crops in acreage (9260 thousand hectare) and production (25.482
million tons) [20]. A multistage sampling procedure
was adopted for site selection. Punjab province
(leading province both in production and area) is selected purposively. Then four wheat producing districts (Figure 1) of Punjab were chosen conveniently.
Fifty wheat growers from each considered district
were selected randomly, so a total of 200 wheat
growing farmers were evaluated by using face to
face questionnaire method. A well-structured questionnaire containing the information about amount
of inputs used and output gained per unit area, was
used for data collection.

spec .

E prod .
Eng

Empirical methodology. The amount of energy used in wheat production was calculated by using coefficient of energy equivalents (Mega Joule)
derived from previous studies, presented in Table 1.
Energy associated with all the inputs (labor, diesel
fuel, electricity, seed, fertilizer and chemicals) expect farm machinery, and output were calculated by
direct multiplication with their relevant energy
equivalent coefficients (Table 1). And energy for agricultural machinery was calculated by using following equation.
M mach. u Eequ . u tmach.
(1)
M enr .

Y
EI

(4)

(5)
EO  EI
Where EU is energy use efficiency, EO outK

put energy (MJ ha-1 ), EI input energy (MJ ha-1 ),
Espec. specific energy (MJ kg-1 ), Y yield (kg),
-1
E prod . energy productivity (kg MJ ), Eng net energy

gain (MJ ha-1 ).
Data envelopment analysis DEA, is an extensively used non-parametric approach for estimation
of productive efficiency. Based on linear programming, DEA measures the relative efficiency of different entities known as decision making units
(DMUs). As DEA has been explained in detail by
several authors [21,22] so a detailed discerption is
not provided here. DEA was first introduced by
Charnes, Cooper and Rhodes (CCR), and characterized by constant return to scale. DEA can be categorized as input and output oriented. In input oriented
analysis, a unit is made efficient by reducing the

Tl .

Where

Y

M enr . machine energy (MJ ha-1),

M mach. mass of machine (kg), Eequ. energy equivalent (Mega Joule per unit), tmach. time of machine
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in their study for energy efficiency in wheat production of Iran and Turkey respectively, fertilizer, diesel
fuel and electricity consumed about 80% of total inSXWHQHUJ\$QGLQ3DNLVWDQ¶VSHUVSHFWLYHRXUILQG
ings are in line with Memon [26], she investigated
the energy consumption pattern in wheat production
in Sindh.

level of inputs while maintaining the level of output,
while output oriented deals to gain the increased
level of output the with same level of inputs. Input
oriented analysis seems more suitable for agriculture
systems, as farmer has more grip on inputs as compared to output [23]. So, we considered input oriented DEA. Simply can be expressed as equation 6.
(6)
wso
K
wsi

Where

K is efficiency,
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wso weighted sum of

outputs, wsi weighted some of inputs. Consider
s1 , s2 ........... are weights given to output
n(n 1,2..........N ), O1j , O2j .........ONj are the amount

n(n 1,2..........N ), of DMU j ,
r1, r2 ........... are the weight given to input
m(m 1,2..........M ), I1j , I 2j .........I Mj are the amount

of output

of input m(m 1,2..........M ), to DMU j , and j
is the considered DMU. So, standard form equation
6 is given below,

K

s1O1J  s2O2J  .........  sN ONJ
r1I1J  r2 I 2J  .........  rM I MJ

(7)
FIGURE 2
Mass balance of wheat in Pakistan

As DEA measures the ratio between weighted
output to weighted input, therefore DEA efficiency
score usually ranges from 0 to 1. Moreover, DEA
solver professional release 4.1 [24] was used to evaluate the efficiency score of a particular DMU in Pakistan.

Human labo
Machinery

Fertilizer
Water

RESULT AND DISCUSSION

Diesel

Input output energy analysis. An input-output energy analysis was carried out for the assessment of energy consumption in wheat production.
Energy values against considered inputs and output,
were calculated with their relevant energy coefficients. Furthermore, to gain more realistic results average energy values (from selected districts) of inputs and output were considered. Results were presented in Table 1, the total input and output energy
values were found 29787.0 and 47362.3 MJ ha-1 respectively, with an average yield of 3643.3 Kg ha-1.
Share of each input in total energy input was
assessed, and presented in Figure 3. Results revealed
that fertilizers (generally nitrogen and phosphate)
alone occupied half of the share (50%) in total energy input, followed by diesel fuel (21%) and electricity (12%), which were almost a quarter and half
of quarter respectively. Diesel fuel was mainly consumed in threshing operation and electricity was
used in pumping of water for irrigation. Human labor
(1%), seed (6%), machinery (1%), water (6%) and
chemicals (3%), were found the least demanding energy inputs for wheat production in Pakistan.
Houshyar [25] and Tipi [10] found the similar results

Electricity
Seed
Chemicals

FIGURE 3
Share of each input in total energy input
Furthermore, assessment indicators for energy
use efficiency in wheat production were calculated
by using equations 2-5 and given in Table 2. Energy
use efficiency is 1.59, this implies that input-output
ratio is 1:1.59, which means with a unit of input, 1.59
times wheat production was achieved. Moreover,
specific energy and energy productivity were 8.18
MJ kg-1 and 0.12 kg MJ-1, means a total of 8.18 MJ
energy was being used for the production of a kilogram wheat grain, so the productivity of a unit (1
MJ) energy in wheat production system of Pakistan
was 0.12. Our findings are in line with a most recent
study on wheat crop in Iran, Nabavi-Pelesaraei [27],
calculated energy use efficiency as 3.51, specific energy 9.38 MJ ha-1 and energy productivity as 0.11 kg
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MJ-1. The energy efficiency of Iran, is more than
double as of Pakistan. So, it is concluded that there
is a dire need to regulate the extension services to
improve energy efficiency in wheat production system of Pakistan, with better management and improved production methods.
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presented in Table 3. According to the depicted results DMU1 (Vehari) and DMU3 (Gujrat) were
found the efficient and most inefficient DMUs (Figure 4). In more specific interpretation, the farmers of
Vehari exhibits the higher level of technical efficiency than the others, because the others might have
surplus usage of inputs or deficit in wheat yield as
compared to Vehari. Moreover, inefficient DMUs
provide the information regarding potential of resource savings in the said districts, while maintaining the same level of output. Therefore, we determined the estimated potential of resource savings in
each district as compared to Vehari. For example, efficiency score of DMU2 (Dera Gazi Khan) was 69
%, that means same level of output can be achieved
with 69% of resources, if DMU2 is performed on
frontier. Which means by improving the performance of DMU2 to the highest level, a total of 31%
of the resources could be saved. Similarly, there is a
potential of resource savings i.e. 7% and 69% respectively, if DMU4 and DMU3 were performed on
frontier.
The possible resource saving potential in considered districts were demonstrated in Figure 5.
More specifically, 1726.06 to 17013.99 MJ ha-1 energy could be saved if DMUs were performed on
frontier.

Technical efficiency estimation by means of
data envelopment analysis (DEA). Furthermore, to
study the trend of energy use efficiency in said districts, data envelopment analysis was employed. The
most popular input oriented CCR model as mentioned earlier, was adopted for the estimation of
technical efficiency. For input database of CCR
model, the main energy inputs to wheat production
i.e. fertilizer, diesel fuel and electricity were considered as input and yield as output. Several authors
have studied the energy use efficiency in crop production by using different levels of inputs and yield
as output in data envelopment analysis [3,16,28].
More specifically, DEA approach was used to compute the relative efficiency of wheat growers in four
districts of the study area, namely Vehari, Dara
Ghazi Khan, Gujrat and Rahim Yar Khan followed
by DMU1, DMU2, DMU3 and DMU 4 respectively.
Technical efficiency of considered DMUs with
their respective rankings based on CCR results were

TABLE 1
Energy equivalent coefficients of inputs and output, and total energy equivalent in wheat production
Input-output
(unit)

Energy
equivalent
(MJ per unit)

References

Quantity
per unite
area (ha)

Total energy
equivalent
(MJ ha-1)

1.96
13

[27]
[27]

107.5
134.0

210.6
1742.0

78.1
17.4

[23]
[23]

166.7
99.4

13021.2
1729.9

138
180
148
62.7

[23]
[23]
[23]
[23]

10.3
2.6
3.3
4.4

195.9
37.8
79.0
27.5

238
47.8
11.93
1.02

[23]
[23]
[23]
[27]

3.8
132.6
299.1
1894.6

903.8
6338.3
3568.6
1932.5
29787.0

13

[27]

3643.3

47362.3

1. Inputs
1. Labor (h)
Male
2. Seed (kg)
3. Fertilizer (kg)
Nitrogen (N)
Phosphate (P2O5)
4. Machinery (kg)
Tractor
Plow
Rotary Hoes
Thrashing (h)
5. Chemical
Weedicide (Kg)
6. Diesel (L)
7. Electricity (kwh)
8. Water (m3 ha-1)
Total energy input (MJ ha-1)
2. Output (kg)
Wheat Yield
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TABLE 2
Input-output energy ratio in wheat production.
Items
Energy input
Energy output
Energy use efficiency
Specific energy
Energy productivity
Net energy gain

unit
MJ ha-1
MJ ha-1
_
MJ Kg-1
Kg MJ-1
MJ ha-1

Value
29787.02
47362.25
1.59
8.18
0.12
17575.23






 

Pe rce ntage (%)

Efficiency score



 





















DMUs







DMUs

FIGURE 4
Energy efficiency score of considered DMUs
(Districts)



FIGURE 5
Energy saving potential for each DMU
(district)

CONCLUSION
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identified as drought-tolerant genotypes. It was
concluded that these genotypes could also be used
in further drought-resistance studies. The genotypes
Sanbro and 10TR054 with the lowest yield in WS
treatments were identified as sensitive genotypes.

ABSTRACT
The present study was conducted under water
stress (WS) and stress-free (SF) conditions in randomized blocks design with 3 replications in 2012
and 2013 to determine drought resistance of normal-oleic (Sanbro and Tunca), medium-oleic (Saray
and 10TR054) and high-oleic (P64H34 and Oleko)
sunflower genotypes. In stress-free treatments, drip
irrigations were performed as to bring the soil moisture level to field capacity when 50% of available
moisture in effective root depth was depleted. A
total of four irrigations were performed in WS
treatments, but irrigations were not performed in SF
treatments (except for the initial survival water).
The differences between the genotypes with regard
to investigated parameters were found to be significant (p<0.01). In the first year of experiments, the
greatest yields in WS treatments were obtained
from Saray and Tunca genotypes (3147-3109 kg ha1
) with the lowest crop water index (CWSI=0.290.31) and the greatest chlorophyll content
(CC=46.6-47.7); the lowest yield (2370 kg ha-1)
was obtained from Sanbro genotype with the greatest CWSI (0.70) and the lowest chlorophyll content
(38.8). In SF treatments, the greatest yields (38183646 kgha-1) were observed in Tunca and Saray
with the lowest CWSI (0.20-0.26) and the greatest
CC (50.86 - 50.16); the lowest yield (3163 kgha-1)
was seen in P64H34 with high CWSI (0.42) and
low CC (41.88). In the second year of experiments,
the greatest yields (3480-3394 kgha-1) in WS treatments were obtained from Tunca and Saray with
the greatest CC (46.83 - 51.25) and the lowest
CWSI (0.24-0.27); the lowest yield (2793 kgha-1)
was obtained from P64H34 with the lowest CC
(41.28) and high CWSI (0.53). In SF treatments, the
greatest yields (4348-4217 kgha-1) were observed in
Tunca and Saray with the lowest CWSI (0.12-0.17)
and the greatest CC (51.66-45.65); the lowest yield
(3848 kgha-1) was observed in Oleko with the
greatest CWSI (0.46) and the lowest CC (40.13).
Current findings revealed that the genotypes Tunca
and Saray were prominent in both WS and SF conditions with regard to yield, CWSI and CC and they
were able to use irrigation water optimally and

KEYWORDS:
Sunflower, drought, temperature, tolerance, chlorophyll
content

INTRODUCTION
Annual sunflower oil consumption of Turkey
is around 600-650 thousand tons, but the annual
production is around 350-400 thousand tons. Such a
deficit in oil seeds is met with 2.5-3 billion dollars
oil seed or crude oil imports [1]. Following EU,
Turkey is the second greatest importer country.
Such a case then result in significant cash flow to
abroad (3.2 billion $ in 2011). Plants have been
subjected to different stress conditions and developed proper defense mechanisms to survive and
reproduce under stress conditions. However, agronomist and plant breeders today mostly focus on
yields rather than survival of the plants and highyield cultivars then become prominent. Negative
impacts of abiotic stress conditions induced by
global warming on agricultural production have
forced the researchers to take new measures against
the negative impacts of climate change. Drought,
insufficient nutrition, salinity, low and high temperatures are the primary abiotic stress factors.
Plant growth, development and yield mostly
depend on available soil moisture levels [2]. A dry
period so long as to result in remarkable decrease in
soil moisture and plant growth is defined as drought
[3]. Stomal closure is the initial symptom of
drought stress in plants. Stomas close up to prevent
further water loss through transpiration [4]. Stomal
closure reduces CO2 absorption and thus net photosynthesis rates [5]. Photosynthetic activity under
dry conditions is a significant factor in plant resistance to droughts [6]. Plant growth and development are negatively influenced from these stress
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conditions and significant yield losses are experienced [7].
Water deficits at flowering stage resulted in
29% yield loss in sunflower [8]. Tabatabaei et al.
[9] reported 62% loss in seed yield and 17.6% in oil
ratio in sunflowers with water deficits at flowering
period. It was reported that neither soil moisture
content nor atmospheric demand may indicate plant
internal water status as accurately as crop water
stress index (CWSI) [10, 11]. Leaf temperature
decreases as plants transpire and goes below ambient temperature. Crop water stress index is determined with the aid of canopy-air temperature difference and psychrometric measurements [11, 12].
Reginato [13] indicated that daily CWSI values
varied based on atmospheric demand and soil
moisture content. Decreasing soil moisture levels
before irrigations usually increase plant canopy
temperatures and thus crop water stress index values [14]. Drought resistance is the primary objective of breeders. In sunflowers, stay green durations
of shoots and leaf temperatures are the greatest
indicators used in drought tolerance [15]. Moroni et
al. [16] indicated canopy temperature (CWSI) as
the fastest and most accurate method in measurement of drought stress and pointed out that it could
be used as selection criterion in breeding researches. CWSI values may vary based on plant types,
cultivars, environmental and climate conditions [17,
18]. Ucak et al. [19] carried out a study with 53
sunflower lines to identify drought resistant ones
and indicated that seed yield, crop water stress
index and chlorophyll content was significantly
influenced by water stress and the changes observed in seed yields of the plants grown under
water stress conditions could be used as a screening
parameter to determine sensitive and resistant lines.
Researchers reported that the lines H3-H28-H29H30-H52 with the lowest yield and the greatest
CWSI (between 0.34 - 0.38) were sensitive and the
line H33 with the greatest yield and the lowest
CWSI value (0.15) was resistant to drought and
could be used in further sunflower breeding studies.
Bahar et al. [20] identified positive correlations
between canopy temperature (plant cover temperature) and yields of bread and durum wheat cultivars
under Cukurova conditions and indicated that these
parameters could be used as selection criteria in
breeding studies.
Drought is a significant factor restricting plant
production. It can create various changes in chlorophyll contents and components through hindering
photosynthesis [21]. The parameters used in identification of drought stress should be easy, rapid,
cheap and repeatable. Chlorophyll content of leaves
is among these parameters and significant decreases
are observed in chlorophyll content of sunflower as
it was in various other plants under drought stress
[16, 22, 25, 56, 57]. Oraki et al. [23] investigated
drought resistance of 4 hybrid sunflower genotypes
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under different irrigation regimes and reported
increasing chlorophyll b contents and decreasing
chlorophyll a content and yield under water stress.
It was stated in a previous study that droughtresistant genotypes had high actual water content
and thus had high yield potentials [24]. Leaf water
content and chlorophyll values can also be used to
identify water stress in plants [25]. Ucak et al. [26]
carried out a study to determine drought resistance
of 4 sweet corn lines and 2 sweet corn genotypes
(1012x1011
hybrid,
1023x1024
hybrid,
1025x10126 hybrid, 1028x1009 hybrid, BATEM
sweet, Merit) and identified highly positive correlations between soil moisture and chlorophyll content
(r:0.58**) (p<0.01) and reported increasing chlorophyll contents with increasing soil moistures. On
the other hand, researchers indicated that soil moisture negatively correlated with CWSI and yield and
reported the greatest yield (7350 kgha-1) for
1023x1024 hybrid with the lowest CWSI (0.16).
Although there are several studies about drought
tolerance of wheat and chickpea, the studies about
drought resistance of sunflower are quite limited.
Selection criteria to be used in sunflower breeding
VWXGLHVIRUGURXJKWUHVLVWDQFHRIJHQRW\SHVKDYHQ¶W
been well identified, yet. Therefore, the present
study was conducted under natural field conditions
of Cukurova region to identify drought tolerance of
6 sunflower genotypes (Sanbro, Tunca, Saray,
10TR054, P64H34, Oleko) grown under water
stress (WS) and stress-free (SF) conditions by using
yields, crop water stress index values and chlorophyll contents of these genotypes. Since it is hard to
transfer the results of greenhouse or growth chamber studies into practice, this study was conducted
under natural field conditions. Sowing was performed on 5 and 6 May (late) as to have the flowering period of genotypes in July with maximum
water stress. Current findings were assumed to
provide a database for further breeding studies to be
carried out for drought resistance of sunflowers.

MATERIALS AND METHODS
The present study was conducted in 2012 and
2013 under field conditions over the experimental
fields of Eastern Mediterranean Agricultural Research Institute in randomized blocks design with 3
replications. Normal Sanbro and Tunca, mediumoleic Saray and 10TR054 and high-oleic P64H34
and Oleko sunflower genotypes were used as the
plant material of the study. The region has a Mediterranean climate with warm and precipitated winters and hot and dry summers [27]. Long-term climate data are provided in Table 1. Monthly precipitations in September of experimental years were
higher than long-term averages and precipitations
of the other months were less than the averages.
Temperatures were similar with long-term averages
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[31] was used to determine EC, pH, anion and cations of irrigation water. Water quality class was
identified as C2S1 (Table 3). EC of irrigation water
was 0.34 dS/m and pH was 7.20.
Treatment 1: Stress-free (SF): Irrigations were
performed when 50% of the moisture within 0-90
cm effective root depth of genotypes (Sanbro, Tunca, Saray, 10TR054, P64H34 and Oleko) was depleted and moisture level was brought to field capacity in each irrigation.
Treatment 2: Water-stress (WS): Irrigations
were not applied to genotypes in this treatment.
Only the initial survival water was supplied.

and relative humidity values were around 15%
higher than long-term averages. The first year of
the study (2012) was slightly drier than the second
year (2013). Soil moisture contents at field capacity
and permanent wilting point were determined in
accordance with Klute [28] and soil unit weight was
determined in accordance with Blake and Hartge
[29] from undisturbed soil samples. Physical and
chemical characteristics of experimental soils are
provided in Table 2. Soils were clay-loam in texture
with low electrical conductivity (unsaline) and
medium lime content without any problems exerted
on plants [30]. The method specified by Tuzuner

TABLE 1
Climate data for the years 2012 and 2013 and log-term averages (1962-2011)

Years

Months
May
June
July
August
September
May
June
July
August
September
May
June
July
August
September

Average
1962
2011

2012

2013

Mean
max.
Temp.
(°C)
27.1
30.6
33.4
35.0
33.7
25.3
30.3
33.2
34.0
27.4
20.2
27.2
31.1
31.0
25.4

Mean
Temp.
(°C)
19.4
26.0
30.5
30.3
25.1
20.2
27.1
31.1
31.0
25.4
21.2
25.3
28.6
29.2
27.1

Mean
Min.
Temp.
(°C)
9.0
17.8
23.4
27.0
14.7
15.7
20.7
24.4
24.5
21.4
13.7
19.2
23.5
23.2
18.9

Mean
Humidity
(%)
66.1
67
70.7
70.9
64
65.7
67.8
67.7
63.4
62.2
74.4
71.2
76.9
74.8
73.6

Mean
wind
speed
(m s-1)
1.0
1.1
1.1
1.0
1.0
1.0
1.0
1.1
1.0
1.1
1.6
1.7
1.7
1.8
1.6

Mean
daily
sunshine
(h)
9.1
11.6
12.3
11.4
10.1
8.7
12.0
12.4
11.8
10.0
9.3
8.4
9.6
10.3
8.5

Total
Rain
(mm)
43.4
17.6
10.2
8.0
1.6
36.9
11.5
0.6
2.7
7.9
60.6
9.4
2.0
1.3
13.5

Mean
50cm soil
temp.
(°C)
19.5
26.0
30.8
31.8
29.9
20.6
27.4
31.3
32.6
30.5
20.0
24.3
28.9
31.0
27.9

TABLE 2
Physical and chemical characteristics of experimental soils

Depth
(cm)

Moisture(Pw)
%

0-30
30-60
60-90

18.42
25.06
25.24

Depth
(cm)
0- 30
30- 60
60- 90

pH
7.85
7.93
7.89

Physical Characteristics
Permanent
Unit
Wilting Point
Weight
%
(g/cm³)
20.44
1.45
19.47
1.49
20.31
1.38
Chemical Characteristics
O.M.
N
%
%
0.92
0.046
0.98
0.049
0.90
0.045

Field
Capacity
%
30.95
30.77
31.37
EC
(dS/m)
1.395
1.342
1.236

Clay
%

Silt
%

Sand
%

Texture

39.52
38.79
38.19

37.78
35.39
40.51

22.69
25.81
21.29

Clay-Silt
Clay-Silt
Silty-Clay-Sand

Lime
%
14.58
16.08
15.58

P2O5
(kg/da)
19.35
21.99
9.75

K2O %
(kg/da)
126.16
126.95
117.22

TABLE 3
Irrigation water quality analyses
Irrigation of
Water Class
C2S1

ECw
(dS/m)
0.26

pH
7.1

Na+
1.07

Cations (me/l)
Ca++
Mg++
2.15
1.23

6782

K+
0.04

CO3-

Anions (me/l)
HCO3- SO4-2
2.29
0.72

Cl-1
1.48

%Na

SAR

23.8

0.82
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TABLE 4
LSD mean values for yield and physical parameters

Treatments

SF

WS

SF

WS

Genotypes

Seed yield
(kg ha -1)**

Oleko
P64H34
Saray
10 TR 054
Tunca
Sanbro
Average
CV (1%)
LSD (0.05)
Oleko
P64H34
Saray
10 TR 054
Tunca
Sanbro
Average
CV (1%)
LSD (0.05)

3533 c
3163 e
3646 b
3284 d
3818 a
3568 bc
3502
2.2
9.5
2791 c
2723 d
3147 a
2599 e
3109 b
2370 f
2790
1.6
13.88

Oleko
P64H34
Saray
10 TR 054
Tunca
Sanbro
Average
CV (1%)
LSD (0.05)
Oleko
P64H34
Saray
10 TR 054
Tunca
Sanbro
Average
CV (1%)
LSD (0.05)

3848 e
3977 d
4217 b
4048 c
4348 a
4023 cd
4077
1.1
5.5
3335 c
2793 f
3394 b
3169 d
3480 a
2981 e
3192
1.0
3.9

2012 (First year)
Chlorophyll
Crop water
Irrigation
Content
stress index
water (mm)
(spad)**
(CWSI)**
0.49 a
39.38 f
420
0.42 b
41.88 e
420
0,26 e
50.16 b
420
0.38 c
43.16 d
420
0.20 f
50.86 a
420
0.35 d
44.16 c
420
0.37
45.07
420
2.87
0.13
0.019
0.10
0. 51d
43.1 c
132
0.65 b
40.0 e
132
0.29 e
46.6 b
132
0,60 c
41.9 d
132
0.31 e
47.7 a
132
0.70 a
38.8 f
132
0.50
43.0
132
3.63
0.55
0.043
0.45
2013 (Second year)
0.46 a
40.13 d
388
0.36 b
42.83 c
388
0.17e
45.65 b
388
0.24 d
45.05 bc
388
0.12 f
51.66 a
388
0.33 c
43.90 bc
388
0.29
44.73
388
2.14
2.97
0.01
2.49
0.38 d
44.84 c
111
0.53 c
41.28 d
111
0.27 e
51.25 a
111
0.73 a
42.76 d
111
0.24 f
46.83 b
111
0.62 b
38.84 e
111
0.46
44.3
111
2.82
2.48
0.02
1.99

ET
(mm)

WUE
(kg/da/mm-1)**

Actual Water
Content (%)

642
615
612
629
619
623
623.3

0.55 c
0.51 d
0.59 b
0.52 d
0.62 a
0.57 c
0.56
2.10
0.021
0.90 bc
0.83 d
0.99 a
0.84 cd
0.96 b
0.76 e
0.88
4.48
0.067

70.38 c
69.22 e
70.97 b
67.54 f
72.13 a
69.70 e
69.99
0.27
0.37
66.16 c
61.12 f
67.23 b
64.79 e
68.32 a
65.19 d
65.47
0.22
0.29

0.61 f
0.64 e
0.70 b
0.67 c
0.71 a
0.65 d
0.66
0.83
0.01
1.01 c
0.87 e
1.03 b
0.97d
1.08 a
0.95 d
0.98
0.80
0.018

73.90 d
75.76 c
79.12 a
69.52 f
76.88 b
71.38 e
74.43
0.61
0.87
69.16 c
64.12 f
70.14 b
67.78 e
71.20 a
68.22 d
68.43
0.16
0.19

309
311
318
307
323
313
315.3

618
596
596
599
593
614
602.6

330
331
339
328
316
317
325.8

S S,WLVLPSRUWDQWZLWKLQWKHHUURUOLPLWVQVQRWVLJQLILFDQW6LPLODU letter in the same column
are not significantly different from each other.

water was applied in an amount as to bring the
deficit moisture to field capacity in each time, it
was assumed that there were not any deep percolations. Monthly and seasonal evapotranspiration
values were calculated in accordance with water
budget method (Eq. 3) [32];
ETa = P + I ± Rf ± Dp ǻ6  
Where; ETa is evapotranspiration (mm), P is precipitation (mm), I is amount of irrigation water (mm),
Rf is surface runoff (mm), D p is deep percolation
PP  DQG  ǻ6 LV FKDQJH LQ VRLO PRLVWXUH ZLWKLQ
root zone (mm). Water use efficiency (WUE) was
calculated by dividing yield with seasonal evapotranspiration [33].
Harvest was performed when the seed moisture content decreased to 10%. Yield was calculated
from the central two rows of four rows. The empirical method recommended by Idso et at. [34] was

Irrigations were performed in a controlled
fashion with drip irrigation by passing irrigation
water through water flow meters. Soil moisture
content at 0-90 cm soil profile was determined with
gravimetric method and this value was expressed in
depth by suing the following equation (Eq. (1));
d=(Pw-PwAW)*As*D/100
(1)
Where; d is soil moisture content in depth (mm),
Pw is field capacity (%), PwAW; moisture content of
each layer (%), As is soil unit weight (g/cm3) and D
is layer depth (mm). Volume of water to be applied
was calculated by using the following equation (Eq.
(2));
V= dTxAxP
(2)
Where; V is volume of water to be applied (L), d T
is total moisture in effective root depth (0-90 cm)
(mm), A is plot size (m2) and P is cover ratio (%).
Since dripper discharge was less than soil infiltration rate, there was not runoff. Since irrigation
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beginning of physical maturity. In the second year,
irrigations were initiated on 12.06.2013 and terminated on 15.08.2013. The reason for late initiation
of irrigations was 36.9 mm precipitation in May of
the first year and 60.6 mm precipitation in May of
the second year. Plant water requirement is less at
the beginning of vegetative periods and water consumption of sunflower is less than the other C3
crops (like maize). Harvest in the first year was
performed on 1 September in WS treatments and on
7 September in SF treatments; harvest in the second
year was performed on 10 September in WS treatments and on 15 September in SF treatments. Harvest was performed 9 days earlier in WS and 8 days
earlier in SF treatments of the first year. The reason
for earlier harvests was earlier harvest maturity of
the plants due to drier conditions of the first year
(Table 1). Average amount of water applied to SF
and WS treatments of the first and the second year
was respectively observed as 420-132 mm and 388111 mm, average seasonal plant water consumption
(ETa) was respectively observed as 623.3-315.3 and
602.6-325.8 mm (Table 4). Higher ETa values of
WS treatments were because plants continued to
benefit from the remnant moisture in soil accumulated through winter precipitations.
According to variance analysis, the differences in yield, CWSI, chlorophyll content, WUE
and actual water content (AWC) of the genotypes
were found to be significant (p<0.01) and thus data
were subjected to LSD test (grouping). Mean yield
values of the genotypes are provided in Table 4.
Yields under SF and WS treatments are presented
in Figure 1, crop water stress index (CWSI) values
are presented in Figure 2, chlorophyll contents (CC)
are presented in Figure 3 and water use efficiency
(WUE) values are presented in Figure 4.

used to calculate crop water stress index (CWSI)
values (Eq. 4);
CWSI= [(Tc-Ta)- LL] / UL- LL
(4)
Where; CWSI is crop water stress index, Tc is
canopy temperature (°C); Ta is air temperature
(°C); LL is the lower limit of water stress (limit
value at plant transpires at potential rate); UL is
upper limit of water stress (the limit value at which
plant does not transpire). Chlorophyll content (CC)
was measured with a portable chlorophyll meter
(Minolta SPAD- 502, Osaka, Japan). Chlorophyll
content increases as the value approaches to 1 and
decreases as the value approaches to 0.
Leaf actual water content was calculated by
using the following equation (Eq. 5) [35];
AWC (%) = (FW í DW) / DW *100
(5)
Where; AWC is actual water content (%), FW is
fresh weight (g) and DW is dry weight (g).
Statistical analyses. Experimental data were
subjected to variance analysis in accordance with
randomized blocks design and significant treatments were subjected to LSD test (grouping). Analyses were carried out with JUMP 5.0.1a statistical
software [36].

RESULTS AND DISCUSSION
Yield and water use efficiencies of sunflower genotypes. Sowing was performed on 5 May
2012 in the first year and on 6 May 2013 in the
second year. In the first year of experiments, the
first irrigation of stress-free treatments was initiated
on 07.06.2012 when 50% of available soil moisture
in effective root depth (0-90 cm) was depleted and
irrigations were terminated on 11.08.2012 at the

FIGURE 1
Yields of genotypes in WS and SF treatments (2012-2013)
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FIGURE 2
CWSI values of genotypes in WS and SF treatments (2012-2013)

FIGURE 3
CC values of genotypes in WS and SF treatments (2012-2013)

FIGURE 4
WUE values of genotypes in WS and SF treatments (2012 ± 2013)
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Dogan [39] and relatively similar with the ones
reported by Demir [38]. Differences in yield values
were mainly because of differences in soil textures,
genotype yield potentials, climate conditions, plant
densities, irrigation programs and cultural practices
[42].
Water use efficiency (WUE) values of sensitive genotypes were low and WUE values of tolerant genotypes were high. In the first year of SF
treatments, the greatest WUE values were observed
in Tunca and Saray (0.62 and 0.59 kgda-mm-1) and
they were placed in group A and B. The lowest
WUE values were observed in P64H34 (0.49 kgdamm-1) and 10TR054 (0.52) genotypes and they
were placed in group D. In WS treatments, the
greatest WUE values were respectively observed in
Saray and Tunca (0.99 - 0.96 kgda-mm-1) and they
were placed in group A and B. The lowest WUE
was observed in Sanbro (0.76 kgda-mm-1) and it
was placed in group E. In the second year of SF
treatments, the greatest WUE values were observed
in Tunca and Saray (0.71-0.70 kgda-mm-1) and they
were placed in group A and B. In WS treatments,
the greatest WUE values were respectively observed in Tunca and Saray (1.08 - 1.03 kgda-mm-1)
and they were again placed in group A and B. The
lowest WUE was observed in P64H34 (0.87 kgdamm-1) and it was placed in group E. The other genotypes were placed in between these two groups.
Similar with the current findings, Mahmoud and
Ahmed [43] indicated that WUE and yield values of
drought-tolerant genotypes were higher than the
values of normal genotypes. It was indicated in
another study that drought stress significantly decreased yields of C3 plants [44]. Therefore, current
findings comply with those earlier ones.
The decrease in chlorophyll contents was low
in drought-resistant genotypes and high in sensitive
genotypes (Table 4). Plants have different resistances to stress conditions and even different
genotypes of the same plant may have different
resistance levels [45, 46]. In the first year of SF
treatments, the greatest chlorophyll contents were
observed in Tunca and Saray (50.86-50.16) and the
lowest chlorophyll content was observed in Oleko
(39.38 spad) genotype. In WS treatments, the greatest chlorophyll contents were observed in Tunca
and Saray (47.7-46.6) and the lowest value was
seen in Sanbro (38.8 spad). In the second year of SF
treatments, the greatest chlorophyll contents were
observed in Tunca and Saray (51.66-45.65) and the
lowest value was seen in Oleka (40.13 spad) genotype. In WS treatments, the greatest chlorophyll
contents were observed in Saray and Tunca (51.2546.83) and the lowest value was seen in Sanbro
(38.84 spad). Shahriari [47] reported increasing
chlorophyll contents of resistant plants under
drought stress. Increasing chlorophyll levels increase photosynthesis reaction of resistant genotypes and thus increase the yields of these geno-

The decrease between the greatest and the
smallest yield was 17.15% in SF treatments (38183163 kgha-1) and 24.69% in WS treatments (31472370 kgha-1) of the first year. The ratio was 11.49%
in SF treatments (4348-3848 kgha-1) and 19.74% in
WS treatments (3480-2793 kgha-1) of the second
year. The greatest yield (3818 kgha-1) in SF treatments of the first year was observed in Tunca and
the genotype was placed in group A. Tunca was
respectively followed by Saray (3568 kgha-1) and
Sanbro (3646 kgha-1) and they were placed in group
B (Table 4). In the second year, the greatest yield
was again obtained from Tunca (4348 kgha-1) and it
was placed in group A. Tunca was followed by
Saray (4217 kgha-1) and it was placed in group B.
The smallest yield in SF treatments was observed in
P64H34 (3163 kgha-1) in the first year and in Oleko
(3848 kgha-1) in the second year and they were
placed in group E. The greatest yields in WS treatments of the first year were observed in Saray
(3147kgha-1) and Tunca (3109kgha-1) and they were
respectively placed in group A and B. The greatest
yields in the second year was observed in Tunca
(3480 kgha-1) and Saray (3394kgha-1) and they
were respectively placed in group A and B.
In WS treatments, the lowest yield was observed in Sanbro (2370 kgha-1) in the first year and
in P64H34 (2793 kgha-1) in the second year and
they were placed in group F. The other genotypes
were placed in between these groups. Although
Sanbro was prominent in SF treatments and Oleko
in WS treatments of the first year, combined assessments of the years revealed that Sanbro was not
able present the same performance in WS treatments and Oleko in SF treatments. However, the
genotype Tunca was placed in group A in SF treatments of both years and placed in group B (2012)
and group A (2013) of WS treatments. Similarly,
Saray was placed in group B in SF treatments of
both years and placed in group A (2012) and group
B (2013) of WS treatments. Since Tunca and Saray
exhibited similar performance in SF and WS treatments, they were considered as resistant to drought
and abiotic stress factors. P64H34 was identified as
the most sensitive genotype. Darvishzadeh et al.
[37] indicated similar performance of genotypes
both under dry and optimum conditions as the most
significant selection index to be used in identification of drought tolerance of genotypes in sunflower
breeding studies. Demir [38] reported sunflower
yields as between 230.93-430.96 kgda-1 under full
irrigation; 'R÷DQ [39] reported yields as between
34.16-92.95 kgda-1 under dry conditions; Kaya et
al. [40] reported yields as between 112.30-129.90
kgda-1 under dry conditions; Karakas and
Arslanoglu [41] reported average yield as 337.98
kgda-1 under dry conditions and as 395.22 kgda-1
under irrigated conditions. Current yield values
were lower than the values reported by Karakas and
Arslanoglu [41], higher than the values reported by
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In the first year of study, the greatest actual
water contents (AWC) were observed in Tunca and
Saray (72.13 and 70.97) in SF treatments and the
lowest value was seen in P64H34 (61.12) in WS
treatments. In the second year, the greatest AWC
values were observed in Saray and Tunca (79.12
and 76.88) in SF treatments and the lowest value
was seen in P64H34 (64.12) in WS treatments.
Actual water content of Tunca and Saray was at a
level which a well and quality sunflower should
have. It was stated in a previous study that drought
resistant plants had higher actual water contents and
the genotypes with high actual water contents had
higher yield potentials [24]. Therefore, current
findings on AWC comply with those earlier findings.

types. Drought negatively influenced chlorophyll
contents of genotypes especially in WS treatments
and thus genotypes were placed in different groups.
In the first year of SF treatments, the greatest
CWSI (0.49) was observed in Oleko (sensitive) and
the lowest CWSI values (0.20-0.26) were observed
in Tunca and Saray (resistant). The greater CWSI
value of Oleko in SF treatments of 2012 was because of lower precipitations (59.6 mm) of 2012
than 2013 (86.8 mm) and long-term averages (80.8
mm), higher average temperatures in July (31.1 °C)
and August (31 °C) of 2012 than July (28.6 °C) and
August (29.2 °C) of 2013 and long-term averages
of July (30.5 °C) and August (30.3 °C), lower relative humidity in July (67.7 %) and August (63.4 %)
of 2012 than July (76.9 %) and August (74.8 %) of
2013 and long-term averages of July (70.7 %) and
August (70.9 %). Higher relive humidity levels may
eliminate parching effect of air temperature which
reaches to maximum value at measurement time
between 1200 -1400. In WS treatments, the greatest
CWSI (0.70) was observed in Sanbro and the lowest values were seen in Saray and Tunca (0.29 and
0.31). In the second year of SF treatments, the
greatest CWSI was observed in Oleko (0.46) and
the lowest values were seen in Tunca and Saray
(0.12 and 0.17). In WS treatments, the greatest
value was observed in 10TR054 (0.73) and the
lowest values were seen in Tunca and Saray (0.24
and 0.27). The other genotypes were placed in
between these two groups. Mini and Wahab [48]
indicated that chlorophyll and carotenoids of plants
were closely related to plant type, light intensity,
nitrogen, soil texture and plant genotypes. It was
also indicated that chlorophyll and proline content
could be used as selection criteria in selection of
genotypes resistant to abiotic stress factors [49].
Similarly, it was indicated in a study carried out to
determine drought-resistant sweet corn lines in Siirt
and Sakarya locations that the lines with low CWSI
and high chlorophyll content had higher yields and
thus stated that CWSI and chlorophyll content
could be used as selection criteria [26]. Decreased
chlorophyll contents and higher crop water stress
index values were reported for water stress treatments [50]. Several other researchers also reported
decreased leaf chlorophyll contents under water
stress conditions [25, 51, 52, 56, 57]. Thusly, Khayatnezhad et al. [53] reported decreased chlorophyll
contents and then reduced yields with water stress
treatments in maize. PSII photosynthetic electron
transfer system is inhibited under water stress [54].
Robert et al. [55] reported decreased chlorophyll a,
b and total chlorophyll contents in sunflowers under
water stress. Current findings comply with those
earlier findings. Tunca and Saray with high chlorophyll contents and low CWSI values were identified as resistant and the others were identified as
sensitive.

CONCLUSION AND RECOMMENDATIONS
Field experiments were conducted in this
study under water stress (WS) and stress free (SF)
conditions to determine drought tolerance of six
sunflower genotypes. Yield, crop water stress index
(CWSI), chlorophyll content (CC), leaf actual water
content (AWC) and water use efficiency (WUE)
were used to assess drought tolerance of genotypes
grown under WS and SF conditions. In the first
year, with regard to yield, Tunca was placed in
group A and Saray was placed in group B in SF
treatments; Saray was placed in group A and Tunca
was placed in group B in WS treatments. With
regard to CWSI, Tunca was placed in group F and
Saray in group E in SF treatments; Saray and Tunca
were placed in group E (the same group) in WS
treatments. With regard to WUE, Tunca was placed
in group A and Saray in group B in SF treatments;
Saray was placed in group A and Tunca in group B
in WS treatments. With regard to CC, Tunca was
placed in group A and Saray in group B (a closer
group) in SF treatments; Tunca was placed in group
A and Saray in group B in WS treatments. With
regard to AWC, Tunca was placed in group A and
Saray in group B in SF treatments; Tunca was
placed in group A and Saray in group B in WS
treatments.
In the second year, with regard to yield, Tunca
was placed in group A and Saray was placed in
group B in SF treatments; Tunca was placed in
group A and Saray was placed in group B in WS
treatments. With regard to CWSI, Tunca was
placed in group F and Saray in group E in SF
treatments; Tunca was placed in group F and Saray
in group E in WS treatments. With regard to WUE,
Tunca was placed in group A and Saray in group B
in SF treatments; Tunca was placed in group A and
Saray in group B in WS treatments. With regard to
CC, Tunca was placed in group A and Saray in
group B in SF treatments; Saray was placed in
group A and Tunca in group B in WS treatments.
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With regard to AWC, Saray was placed in group A
and Tunca in group B in SF treatments; Tunca was
placed in group A and Saray in group B in WS
treatments. In short, yield, CWSI, CC, WUE and
AWC of Tunca and Saray genotypes were above
the general average of SF and WS treatments.
Therefore, it was concluded that Tunca and Saray
were suitable for dry conditions and may be used in
further researches to be carried out about the resistance of genotypes to abiotic stress factors. It
was also concluded that relevant parameters could
be used as tolerance indicator in studies about resistance to abiotic stress factors (drought). Global
warming-induced droughts have resulted in yield
losses in several plants. Therefore, identification of
drought-tolerant genotypes or development of resistant genotypes through breeding researches may
constitute permanent measures to mitigate the negative impacts of global warming and resultant climate change. Identification of drought-resistant
genotypes will also let more active utilization of dry
lands. The success in breeding studies passes
through proper selection of stress-tolerant genotypes and lines. Current findings can be used in
further researches (field experiments) to test potential use of these findings in breeding studies.
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vices for human welfare, health, survival and livelihood [1-4]. Some scholars have conducted a considerable amount of research on ecological systems in
the early stage [5-9], making the public pay close attention to this topic. Ecologist Daily published "Nature's Service: Societal Dependence on Natural Ecosystem", a seminal book in this field [10]. In the
same year, Daily et al. published reports on ecosystem services in the publications of the Ecological Society of America [11], and the value of global ecosystem services was estimated by Costanza R. et al.
[1]. These were recognized as milestones in the
study of the value of ecosystem services. The value
of ecological assets in the Tibetan Plateau was evaluated by Xie G.D. et al. [12], promoting considerable enthusiasm on the value of ecosystem services in
China. In the face of the international community's
gradual recognition of sustainable development
strategies, the United Nations launched the Millennium Ecosystem Assessment (MA) project. The research results were published in 2005 [2]. On the basis of the MA project, The United Nations Environment Program promoted the implementation of
global action on the visualization of natural value,
with the Economics of Ecosystems and Biodiversity
(TEEB) project [3]. Ecosystem services were subjected to a wider range of concerns. Ecological systems, which have made large contributions to economic and social development, have suffered different levels of damage and loss. The scientific evaluation of the value of ecosystem services, which is the
basis of ecosystem management measures and policies, supports the sustainable development of human
beings. Tremendous progress in ecosystem services
mapping across the world has moved the concept of
ecosystem services forward towards an increasingly
useful tool for policy and decision making [13].
Therefore, estimation and spatial visualization of
ecosystem services value have become a major issue
of human survival and development.
There are four main methods for aggregating
ecosystem services values at present [14, 15]: basic
value transfer [1, 16, 17], expert modified value
transfer [18], statistical value transfer [19] and spatially explicit functional modelling [20, 21]. Not-

ABSTRACT
The main purpose of this paper was to estimate
and map the ecosystem services value of Beijing,
Tianjin and Hebei region. Considering regional spatial heterogeneity, the stage of social development,
resource scarcity, and differences in the biomass of
ecosystem, the estimated results of non-construction
land were more practical. Based on the ecosystem
services value of the region, we carved out individual indicator divisions with the ecosystem services
value per unit area (ESVU), ecosystem services
value per capita (ESVP) and ecosystem services
value/GDP (ESVG) respectively; and then analysed
comprehensive regionalization with the above indicators to explore the spatial and temporal heterogeneity of ecosystem services values in the area. The
results showed that the ecosystem services value in
region increased from 1990 to 2000, and then decreased in 2010. The ecosystem services value of the
region were dominated by regulating services
value(RSV) and supporting services value(SSV), the
sum of the two accounts for 80% of the whole area.
The mapping of individual indicators and comprehensive regionalization showed a significant stepstructure, and the ecological service value of the region had certain temporal and spatial heterogeneity.
The determined carrying capacity of the ecosystem
services value was not optimistic for population
growth and economic sustainable development in
the area. In view of the above, the paper put forward
measures to guide regional sustainable development.

KEYWORDS:
Ecosystem services value, Beijing-Tianjin-Hebei region,
visualization,spatial-temporal heterogeneity

INTRODUCTION
The services of ecological systems and the natural capital stocks that produce them are critical to
the functioning of the Earth's life-support system [1].
Ecosystems also provide a large number of basic ser-
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environmental risk management and related spatial
planning, the methods need to be developed further
[39-41].
Considering spatial heterogeneity, the social
development stage, resource scarcity and biomass
differences, multiple correction method for value aggregation was used in this paper, (i) We adjusted the
value equivalent table of non-construction land on
the basis of Costanza R. et al. [1] and Xie G.D. et al.
[42]. (ii) We determined the ecological service value
per unit area of construction land by the replacement
cost method. The ecosystem services value of the
Beijing-Tianjin-Hebei region was estimated at the
same price level. (iii) We probed into the spatial and
temporal heterogeneity of ecosystem services values
according to ecosystem services mapping.

withstanding the limitations and restrictions in benefit transfer techniques [22-24], it is an attractive option for researchers and policy-makers facing time
and budget constraints [25]. Value transfer also has
the methodological attraction of providing consistency in the estimation of values across policy
sites [26]. Differences in the characteristics of ecosystems services, their beneficiaries and bio-physical surroundings can potentially result in very large
differences in the provision and value of ecosystem
services [27]. The ecological service value coefficient of different land use types is dynamic and complicated, which not only relates to land use type, biodiversity and environment, but has a close relation
with resource scarcity, regional conditions and so on
[28-31]. As human pressures on ecosystems continue to increase, research involving the effective incorporation of social values information into the
context of comprehensive ecosystem services assessments is becoming more important [32]. If ecosystem services are to be included in policy, planning, and management, census data need to be formatted and scaled appropriately [33]. Insufficient
knowledge exists about how ecosystem services values differ across space and what their spatial determinants are [34-37]. The visualizations of ecosystem
services and the analysis of factors influencing them
are useful tools for environmental managers and policy decision makers [38]. However, before ecosystem services maps are eventually available for use in

MATERIALS AND METHODS
Data and materials. In this paper, the research
unit of the Beijing-Tianjin-Hebei region was divided
by the municipal administrative divisions of China.
Due to the original division was merged with parts
of urban areas, the final research units were 167
counties. The location of the Beijing-Tianjin-Hebei
region in China is shown in Figure 1.

FIGURE 1
The location of the Beijing-Tianjin-Hebei region in China.
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TM/ETM remote sensing images from Landsat
at the end of the 1980s (1990), 2000, and 2010 were
the main data sources. The landscape data set was
provided by the Data Center for Resources and
Environmental Sciences, Chinese Academy of
Sciences (RESDC) (http://www.resdc.cn)[43].
Seven types of land use and 26 sub categories of
raster data were constructed by man-machine
interactive visual interpretation. To study the
ecosystem services value of land use more
accurately, merging sub-categories of water areas,
construction land and unused land with small
differences in ecosystem services values and
continuing to have sub categories of cultivated land,
forest land, grassland with large differences in
ecosystem services values, land use was reclassified
in ArcGIS10.2. Finally, 7 types of land use
(cultivated land, woodland, grassland, wetland,
water area, construction land and unused land) and
13 sub categories (paddy fields, dry land, forest land,
shrub forest, sparse forest land, other forest land,
high coverage grassland, medium coverage
grassland, low coverage grassland; wetlands, water
area, construction land and unused land) were
obtained. Using Spatial analysis tools in ArcGIS
10.2, land use data of the Beijing-Tianjin-Hebei
region were analysed with histogram statistics to
obtain the three phase of the district land use data in
1990, 2000 and 2010.
The grain yield, Engel coefficient, population
density and other data of China and the BeijingTianjin-Hebei region were obtained from the
"Statistical yearbook of China", "Statistical
yearbook of Beijing", "Statistical yearbook of
Tianjin" and "Hebei Economic Yearbook" for 1991,
2001, and 2011. Waste water, waste gas and waste
treatment costs and other data of the Beijing-TianjinHebei region came from the "China Environmental
Statistics Yearbook" for 2011.

values from other ecosystem services will be estimated using the equivalent value of farmland, or in
comparison with values of farmland [42]. The ecosystem services value of non-construction land per
unit area is expressed as follows:
VCij=eijPa (L ««12;M ««)
(1)
where VCij is the ecosystem services value j of the
land use i per unit area, eij is the equivalent number
of value j of the land use i, Pa is the economic value
of an equivalent factor.
Spatial heterogeneity mainly considered the
difference in the grain yield between Jing-Jin-Ji and
the whole of China, and the formula of the modified
coefficient is as follows:
ߙ=w/W
(2)
where ߙ is spatial heterogeneity coefficient, w and W
refer to the grain yield per unit area of Jing-Jin-Ji and
the whole China, respectively.
Understanding the value of ecosystem services
is a step-by-step process, it is associated with the
stage of social development. A Pearson growth
model is used to describe the social development
stage; the formula and the social development coefficient are as follows:

l=
(3)
ଵାୣషሺభΤಶషయሻ
(4)
Ⱦ=l1/l0
where l is the Pearson coefficient related to the willingness to pay, L is the willingness to pay in the extremely rich phase (value 1), e is the natural logarithm, and En is the Engel coefficient of the region.
Ⱦ is the social development coefficient and l1 and l0
refer to the Pearson coefficients of Jing-Jin-Ji and the
whole of China, respectively.
Resource scarcity indicates the relationship between resource demand and supply in the process of
development of a certain region. The degree of scarcity of resources is positively correlated with population density. The resource scarcity coefficient formula is as follows:

Methods. According to the classification of
Xie G.D. et al. [42] and MA[2], the ecosystem
services value was divided into 4 types, the
regulating services value (RSV), supporting services
value (SSV), provisioning services value (PSV) and
cultural services value (CSV), and 9 subtypes (gas
regulation, climate regulation, hydrological
regulation, waste treatment, soil formation and
conservation, biodiversity maintenance, food
production, raw materials production, providing
aesthetic values).

ߛ ൌ

୪ౝ 
୪ౝ ி

(5)

where ߛ is resource scarcity coefficient, and f and F
refer to the population densities of Jing-Jin-Ji and the
whole of China, respectively.
Considering the differences in the biomass of
cultivated land, forest land and grassland, the correction coefficientߠ of equivalent number was obtained
by the expert scoring method.
(2) Unit value of construction land. Construction land refers to urban and rural land, industrial and
mining land, and residential land. The value of ecosystem services mainly considers the negative effects brought by construction land to the environment, which is mainly based on the indirect market
method, such as the replacement cost method.
In this paper, the method of prevention cost and
replacement cost was used to estimate the value of
gas regulation, hydrological regulation and waste

(1) Unit value of non-construction land. Nonconstruction land refers to all types of land use except for construction land. Considering spatial heterogeneity, the social development stage, resource
scarcity and biomass differences, the value equivalents of non-construction land were corrected.
It was assumed that the value of food production per unit farmland equals to one equivalent factor,
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where TESVkt is the total ecosystem services value of
country k in t year, r is the discount rate (take 4%), t
is the estimated year, t0 is the base year 2005, Ait is
the area of the land use i in country k in t year, Skt is
the area of country k in t year, ߙǡ ߚǡ ߛǡ ߠǡVCij, VCgr,
VCwc and VCwt are the same as above.

treatment of construction land. In view of availability of the three wastes disposal data, we used the sum
of the average disposal cost of the three wastes in
three places to replace ecosystem services value of
construction land per unit area of the region.
The formula for calculating the value of the gas
regulating service for construction land per unit area
is as follows:
VCgr = -σଷ୫ୀଵ ˄ܳ ܥ Ȁܵ ˅˄m=1,2,3˅
(6)
where VCgr is the value of the gas regulation service
of construction land per unit area, Qm is the exhaust
emissions from area m, Cm is the cost of controlling
the exhaust gas in area m, Sm is the area of construction land in area m, and m refers to Beijing, Tianjin
and Hebei.
The formula of the value of the hydrological
regulation service for construction land per unit area
is as follows:
VCwc = -σଷ୫ୀଵሺܸ ܲ  ݍ ܿ ሻȀܵ ˄m=1,2,3˅(7)
where VCwc is the value of the hydrological regulation service of construction land per unit area, Vm is
the total amount of water used in area m, Pm is water
prices for the m area, qm is the total amount of
wastewater discharged in area m, and cm is the cost
of the treatment of waste water in area m. Sm and m
are the same as above.
The calculation formula of the value of the
waste treatment service for construction land per unit
area is as follows:
VCwt = -σଷ୫ୀଵ ݒ  Ȁܵ ˄m=1,2,3˅
(8)
where VCwt refers to the value of the waste treatment
service of construction land per unit area, vm is the
total amount of waste in area m, pm is the cost of handling waste in area m and Sm and m are the same as
above.

RESULTS
Unit value of the Beijing-Tianjin-Hebei
region. The grain yield, Pearson value and
population density of the region were calculated
based on grain yield, food expenditure, population
and area data from the statistical yearbook. The
results are shown in Table 1.
The relative parameters of Jing-Jin-Ji were
compared with the whole of China (Table 1), and the
correction coefficients were obtained. From 1990 to
2010, the spatial heterogeneity coefficients were
0.8995, 0.8564 and 0.8930, the social development
coefficients were 1.1.22, 1.2515 and 1.1941, and the
resource scarcity coefficients were 1.2419, 1.2366
and 1.2520, respectively. The equivalent correction
coefficients of these three years were 2.3826, 1.3254
and 1.3350, respectively.
We use the expert scoring method to determine
the correction coefficient based on the differences in
the biomass of cultivated land, woodland and
grassland. The correction coefficients of cultivated
land (paddy fields 1.2 and dry land 0.8), woodland
(forest land 1.2, shrub forest 1.4, sparse forest land
0.8, and other forest land 1.0), and grassland (high
coverage grassland 1.5, medium coverage grassland
1.0, and low coverage grassland 0.7) were found, and
the correction coefficients of other sub-types of land
use was 1.0.
According to the discharge and treatment data
of waste in Beijing, Tianjin, and Hebei in 2010, we
can draw the ecological service value per unit area
of construction land, as shown in Table 2.

(3) Estimation of ecosystem services value.
The estimation formula of ecosystem services value
in specific area from 1990 to 2010 is as follows:
ଽ
TESVkt =ሺͳ  ݎሻሺ୲ି୲బሻ ȽȾɀɅ σଵଷ
ୀଵ σୀଵ ܣ୧௧ ܸܥ +
(9)
(VCgr+ VCwc+ VCwt)ܵ௧

TABLE 1
Correction parameters of ecosystem services value equivalent of the Beijing-Tianjin-Hebei region in 1990,
2000, and 2010.
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TABLE 2
Waste treatment operation and maintenance cost and total water consumption data of the region.
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Note: a-i refer to gas regulation, climate regulation, hydrological regulation, waste treatment, soil formation and
conservation, biodiversity maintenance, food production, raw materials production, providing aesthetic values per
unit area. 1-13 refer to paddy fields, dry land, forest land, shrub forest, sparse forest land, other forest land, high
coverage grassland, medium coverage grassland, low coverage grassland, wetland, water areas, construction land
and unused land, respectively. Subtotal is the ecological service values per unit area of land use a-i.

An alternative method was used to determine
the ecological service value per unit area for
construction land. Therefore, it is opposite to the cost
of treatment. After calculation, the gas regulation,
hydrological regulation and waste treatment values
of construction land per unit area were -6050.33, 2702.14, and -90.46 yuan ha-1 yr-1, respectively, so

the ecological service values per unit area of
construction land was -8842.94 yuan ha-1 yr-1.
The average grain yield per unit area of China
in 2005 was 3629.43 yuan ha-1. The total investment
including labour, fertilizer, machinery and others
was 930.33 yuan ha-1, and the land for food
production in the shadow of the lease was 2250 yuan
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ha-1, so the economic value of 1 equivalent factor in
China was 449.1 yuan ha-1 . The value of equivalent
factor of non-construction land was 546.4 yuan ha-1
at the 2010 price level at a discount rate of 4%. The
ecological service value per unit area in the region is
shown in Table 3.
In general, the value of the ecosystem services
of forestry area is higher than that of grassland
among the primary land-use types. However, the
secondary land-use type does not necessarily abide
by this rule [44]. Valuation coefficients especially
for Beijing were calculated by utilizing linked economic modelling and the willingness-to-pay method

Fresenius Environmental Bulletin

[45]. Compared with the results of this study considering the price level, valuation coefficients of cultivated land and woodland were higher than value
transformation method; valuation coefficients of water areas, construction land and unused land was
lower; the value coefficient of grassland had little
difference; willingness-to-pay method did not estimate the value coefficient of wetlands. It can be seen
that the willingness-to-pay method pay more attention to the ecological service value of cultivated land
and woodland. From the aspect of ecosystem services value, the wetland and water area should be
conserved, as they have the highest value coefficients [46].

TABLE 4
The ecosystem services value of the region from 1990 to 2010 are shown with 2010 price levels
(100 million yuan).
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Noteφa-i refer to gas regulation, climate regulation, hydrological regulation, waste treatment, soil formation and
conservation, biodiversity maintenance, food production, raw materials production, providing aesthetic values,
respectively. 1-13 are the same as in Table 3.
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woodland, grassland and water area counted for the
majority contribution rate for CSV.

Estimation of ecosystem services value. The
land use data were aggregated by the ecological
service value per unit area to obtain the total
ecosystem services value and all kinds of service
values in the Beijing-Tianjin-Hebei region. The
results are shown in Table 4.
The flows of ESV both positive and negative
were associated with observed land use changes, but
overall land use changes had a negative impact on
ESV [47]. Landscape fragmentation, configuration
and diversity, which were induced by urbanization,
could significantly impair the provisions of ecosystem services [48]. The area of construction land
gradually expanded over the 20 years, and the negative effects of the ecological service value gradually
increased. The ecosystem services value in the region increased from RMB 2011.15 million in 1990
to RMB 2131.21 million in 2000, then decreased to
RMB 2110.92 million in 2010. With the recognition
of the importance of ecosystem services value and
the increase of social development coefficient, the
value of regional ecological service increased; the
negative effects brought by the increase of construction land area, the ecological service value decreased.
In terms of ecosystem services value, regulating service value (RSV) and supporting service
value (SSV) accounted for the largest proportion, the
sum of the two accounts for 80% of the total;
whereas the value of provisioning service and cultural service were only 11.86%-12.06% and 6.85%7.00%, respectively. The contribution factors of total
ecosystem services value with the land use during
different periods were mainly woodland, cultivated
land and grassland, more than 52%, 24% and 18%;
while the contribution rate of other forest land, low
coverage grassland, unused land were rare. More
concretely, the contribution rate of land use for RSV,
SSV and PSV from 1990 to 2010 were mainly woodland, cultivated land and grassland, which respectively accounted for more than 55%, 23% and 10%;

Spatial visualization of the value. Because the
area of each research unit is different, comparing the
the total ecosystem services value of each unit does
not make sense. Using data on the ecosystem
services value per unit area (ESVU) of the region
from 1990 to 2010, cartographic visualization results
in ArcGIS10.2 are shown in Figure 2.
The spatial variations of ESVU were bigger in
the western mountains and hills regions of Chengde
and Zhangjiakou than in the southeast plain regions.
ESVU decreased gradually from northwest to southeast, showing a ladder-type pattern. The regions
where ESVU was the lowest were Luannan county
and the municipal districts of Baoding, Cangzhou,
Shijiazhuang, Handan. It is worth noting that the
ESVU of Xiong county and Luannan county increased from 1990 to 2000, whereas the Yingshouyingzi mining district of Chengde city became a
new area of low value. The ESVU of the municipal
district of Tianjin decreased from 2000 to 2010,
which had a certain relationship with the construction and development of the Tianjin Binhai New area.
Ecosystem services value per capita (ESVP)
and ecosystem services value / GDP (ESVG) were
used to visualize the cartography using the same
method. In view of the availability of the socioeconomic indicators of the research units, we studied
only the divisions of the Beijing-Tianjin-Hebei region in 2010. The results are shown in Figure 3. The
divisions of the region according to ESVP and
ESVG in 2010 also showed a ladder-type pattern.
Compared to the division with ESVU, the high value
areas in the former two divisions were reduced, and
the range of the low value area was increased. The
most violent variations of the ecosystem services
value were mainly found in the western mountains
of Baoding and some regions of Zhangjiakou.

FIGURE 2
Ecological service value per unit area of the region in 1990 (a), 2000 (b), 2010 (c).



© by PSP

Volume 26 ± No. 11/2017 pages 6791-6803

Fresenius Environmental Bulletin

FIGURE 3
Divisions of the region according to ESVP (a), ESVG (b) in 2010.

cluster variables were all very significant; that is, the
4 variables were reasonable as cluster variables. A
mean comparison was used to further explain the
clustering results in SPSS22, grouping box plots of
each index are shown in Figure 4.
From the mean analysis of the clustering results,
the average values of the indicators are as follows:
class 1> class 2 >class 3>class 4> class 5. The average value of the ESVG10 of the fourth category was
lower than the total average value of the region, and
the indicators of the first four categories were higher
than the average index of the region. The mean value
of the index of the fifth category was lower than the
average value of the region. The results was due to
67.66% of research units in the region belonging to
the fifth category, the ESVU, ESVP and ESVG of
these units were low. The districts near Bohai Sea
turn out to be the least vulnerable; the plain in the
southeast and mountains in the northwest are worse;
and the districts near Taihang Mountains in the west
are the most vulnerable. The carrying capacity of the
ecosystem services value in the Beijing-Tianjin-Hebei region was not optimistic for population growth
and economic sustainable development. According
to the resources and environmental carrying capacity,
for the relationship between the ecological service
value and economic development, the classes from 1
to 5 were called the Slight carrying capacity zone,
Mild carrying capacity zone, Moderate carrying capacity zone, Strength carrying capacity zone, and
Strong carrying capacity zone, respectively. Comprehensive regionalization of the region in 2010 is
shown in Figure 5.

Total ecosystem service value (TESV) and
ESVU reflect the background of the ecological service value of the region, while ESVP and ESVG reflect the carrying capacity of ecological service
value to population growth and economic development. We used 8 indicators in 2010, the total ecosystem services value (TESV10); its components
RSV10, SSV10, PSV10 and CSV10, ESVU10,
ESVP10, which describe the relationship between
population growth and ecological service value, and
ESVG10, which reflects the relationship between the
ecological service value and economic development.
We further studied comprehensive regionalization
based on the population, economy and ecological
service value.
R clustering was used to reduce the dimension
of the 8 indexes, and the correlation was eliminated
in SPSS22. If the correlation coefficient was close to
1 or -1, it indicated that the two variables could replace each other. Finally, 4 indicators, TESV10,
ESVU10, ESVP10 and ESVG10, were selected to
conduct Q clustering for cases. When clusters number were 3 and 4, all kinds of species can maintain
the integrity and the spatial heterogeneity was larger,
but the clusters number was more than 5, the classification results show great fragmentation. To compare with the division of a single indicator, the number of clusters was 5.
The clustering results were used as factor variables, and 4 cluster variables were used as dependent
variables. ANOVA was used to analyse the effect of
each variable on the clustering process and results.
The result of the variance analysis showed that the 4
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FIGURE 4
Grouping box plots of ESVU10 (a), ESVP10 (b), ESVG10 (c) and TESV10 (d).

FIGURE 5
Comprehensive regionalization of the region in 2010.
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of the southeast region, phase out the low-end backward production capacity, increase input and output
efficiency of regional resources and environment, so
as to improve the ESVG in the region. Only in this
way can we promote sustainable development of the
region.

DISCUSSION
This paper was influenced by the availability of
social and economic data when calculating the ecosystem services value, with data for Beijing, Tianjin,
and Hebei used to correct the value equivalent number. However, imbalance issues in the region are
very prominent; regional overall correction can not
reflect the regional differences in the value of ecological services. The district socio-economic data
can be collected to further modify the value equivalent number.
Uncertainties inherent in expert and land coverbased ecosystem services assessments need to discuss and improve for future studies [49]. Sample observation or remote sensing inversion methods can
be used to increase the objectivity and accuracy of
correction. Water quality is a valued ecosystem services impacted by land use change and other human
activities [50]. When estimating the service value of
water area, the negative effect of water quality was
not included.
Influenced by the heat island effect of construction land, the negative effect of climate regulation is
objective. Cultural services were of utmost importance, particularly anthropocentric values including aesthetics, low-maintenance, and personal enjoyment [51]. However, this paper only analysed the gas
regulation, hydrological regulation and waste treatment value of construction land.
We can see from a single index of the regionalization and the comprehensive regionalization of
population, economic and service value that the ecosystem services value of the region had certain temporal and spatial heterogeneity. Spatial statistical
tools in ArcGIS can be used to further study its distribution characteristics or patterns. Biophysical and
social approaches to ecosystem service mapping can
serve as methodological complements that can advance ecosystem services-based resource management, benefitting resource managers by showing potential locations of synergy or conflict between areas
supplying ecosystem services and those valued by
the public [52].
In order to maintain the ecological service
value of the region and improve the carrying capacity of ecological service value to population growth
and economic development, we should strictly protect ecological land in the region, especially in the
northwest of the region, such as woodland, grassland,
wetland and water area. At the same time, under the
premise of not affecting the economic and social development, we should adjust the land use structure to
increase the area of ecological land in the southeast.
It is necessary to strictly control the population of
Beijing and Tianjin, gradually reduce the low-end
population of Beijing and its surrounding, alleviate
the pressure of population growth on ecological service value. We need to adjust the industrial structure

CONCLUSIONS
Our study has yielded the following conclusions:
1. Construction land gradually expanded over
the 20 years, and the negative effects on ecological
service values gradually increased. The ecosystem
services value in the Beijing-Tianjin- Hebei region
decreased from 1990 to 2010, and the decrease
mainly occurred from 1990 to 2000.
2. The ecosystem services value of the region
were dominated by regulating service value(RSV)
and supporting services value(SSV), the sum of the
two accounts for 80% of the whole area. provisioning services value(PSV) and cultural services
value(CSV) accounted for a smaller proportion.
3. The mapping of individual indicators and
comprehensive regionalization showed a significant
step-structure, and the ecological service value of the
region had certain temporal and spatial heterogeneity.
4. The determined carrying capacity of the
ecosystem services value was not optimistic for population growth and economic sustainable development in the area. In order to promote the sustainable
development of the region, we must strictly protect
ecological land, gradually ease the low-end population, increase input and output efficiency of regional
resources and environment.
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ABSTRACT

INTRODUCTION

Manganese is considered as an undesirable ion
and it should be removed from water. Dendrimers
have various applications in pharmaceutical and
medicine, water treatment and industrial
wastewaters. The aim of this study was to evaluate
the impact of G4 poly-amidoamine dendrimer (G4PAD) as a coagulant aid on the performances of
poly-aluminum chloride (PAC) coagulant in manganese (Mn) removal from aqueous solutions. The
effect of various factors on Mn removal (monitored
by ICP) via coagulation-flocculation process were
studied by response-surface methodology (RSM).
Initial Mn concentration (in the range 0.5 to 6.5
mg/L), PAC concentration (0 to 20 mg/L), pH (2 to
12) and G4-PAD concentration (0.02 to 0.26 mg/L)
were studied as effective factors on process efficiency. Design Expert 7.0.0 software and central
composite design method were utilized for experimental design. Optimum amounts of Mn, pH, PAC
concentration and G4-PAD concentration were 3.5,
9.5, 10 and 0.14 mg/L, respectively. Mn removal
efficiency under optimal conditions after coagulation-flocculation process was 82.1%. It also showed
that the use of G4-PAD concentration and PAC in
coagulation-flocculation process for decreasing the
Mn content from aqueous solutions were effective.
Compared to conventional methods in pollutants
removal, the use of G4-PAD as a coagulant illustrated therefore to be efficient; its relevance should
be subsequently confirmed in terms of economic
considerations.

Water pollution with metals and metal ions
threatens human and ecosystem health [1-9].
Among metals, Mn is the second most abundant
metal in the environment [10]. This mineral is essential for human and as an activator for some enzymes. This element of atomic number 25, can be
found in various environments like soil, water, air
DQGOLYLQJRUJDQLVP¶VERG\ [11, 7, 12-14]. It is also
usedin various industries such as ceramic, steel
industries, dry battery cell and electrical coils and
might be introduced into surface waters via effluent
wastewater from industries and the slurry from
mining [15, 16]. Uptake of high Mn concentration
results to Mn psychosis which is an irreversible
disorder. In addition, Mn can lead to a metal taste,
coloring and spots on rinsed clothes [15, 17]. Data
showed that increasing exposure to Mn in children
causes unfavorable impacts on brain like change in
behavior and decreasing learning ability. But there
is no sufficient data for confirming the cancer via
exposure to it. Due to its effects on health, the
world health organization (WHO) recommended
only 0.05 mg/L as maximum contaminant level in
water [15]. According to the above-mentioned considerations and the existence of Mn in groundwater
resources, more attention should be paid to its removal from water. In previous studies, many methods were introduced for this purpose, including
precipitation with alkaline solution, coagulation
with iron sulfate and/or alum followed by precipitation [17], oxidation with free chlorine in the presence of covered medium by manganese oxide [15,
18]. Among the above mentioned methods, coagulation-flocculation is a relatively simple and common Physico-chemical technique for water and
wastewater treatment [19, 20]. The use of metal
coagulant like aluminum Sulfate, ferric Sulfate and

KEYWORDS:
Polyamidoamin G4, Polyaluminium Choloride, Manganese, Coagulation.
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alum is common in this process. In recent years, in
North America, Europe and Japan, polymerized
forms of metal coagulant like ploy-aluminum chloride has been utilized [21-24]. The advantages of
this coagulant compared to others include low cost,
more efficiency due to the formation of more dense
flocks, lower alkaline water consumption, no need
to pH adjustment, producing less sludge and less
residual water [25, 26, 23, 27].
To improve the coagulation process, dendrimers can be used, and especially G4 polyamidoamine dendrimers (G4-PAD). They are regular and ordered, poly-branched polymers which
have very active surface groups and hence found a
wide range of applications [28]. They are able to
capt various molecules among their branches and
consequently completely trap and carrying them.
In this study, the impact of G4 dendrimer on
PAC performance in coagulation process for removing Mn from aqueous solution was therefore
examined. In addition, we attempted to increase G4
dendrimer performance using evaluation of key
factors affecting the process and trends were modeled through Response surface methodology
(RSM). RSM by a mathematical model is able to
predict various possible scenarios and can indicate
the impact of each factor independently and their
interactions on dependent variables [29]. Four independent variables including initial Mn concentration, pH, poly-aluminum chloride and G4 dose
were selected and evaluated in fiYH OHYHOV Į
0, -1, and ±Į  'HVLJQ ([SHUW 97.0.0 applied for
obtaining an appropriate variable.

The independent variables and their levels
are shown in Table 2.
TABLE 2
Independent variables and levels of the
CCD design

Preparation of solutions. In this study, PAC
(30%, Merck, Germany) and G4 (10 wt%, SigmaAldrich, Germany) were applied as a prehydrolyzed metal salt and coagulant aid, respectively. Stock solutions of PAC (150 mg/L) and Mn
concentration (100 mg/L) were prepared by adding
0.5 gr of PAC powder and 0.308 gr of Mn sulfate in
1000 mL deionized water, respectively. Finally,
NaOH and HCl (0.1 molar) was added to adjust the
pH of the solution. Table 1 shows the characteristics of G4 Polyamidoamin Dendrimer [30].

G4NH2

64

Molecular formula
C622H1248
N250O124

Molecular
weight

Diameter (nm)

14.215

4.4

pH
Initial Mn
(mg/L)
Dose PAC
(mg/L)
Dose G4
(mg/L)

Coded Variable level

X1

-Į
2

-1
4.5

0
7

+1
9.5

Į
12

X2

0.5

2

3.5

5

6.5

X3

0

5

10

15

20

X4

0.02

0.08

0.14

0.2

0.26

(1)
Where Co and Ce are the Mn concentrations in
the feed solution and in the treated solution, respectively.

RESULT AND DISCUSSION
SEM analysis. Fig. 1 shows the morphology
of the deposit using SEM image of Mn removal in
the coagulation process. As it can be seen, PAC
particles helped to form large precipitates and dense
surfaces which are favorable for precipitation.

TABLE 1
characteristics of G4 Polyamidoamin Dendrime
Surface
groups

Symbol

Experimental procedure. In order to assess
manganese removal by PAC and G4, synthetic suspensions, prepared using distilled water, were used
to examine the coagulation performance. The pH
was then adjusted by adding NaOH or HCl (0.1 N).
All coagulation experiments were conducted using
a jar test apparatus. In this study, the effect of the
main factors on Mn removal by coagulationflocculation process was studied by RSM. The factors and their levels are presented in Table 2. Thirty
tests were conducted according to the presented
matrix of Table 3. The process included 2 min fast
mixing at 120 rpm, followed by 15 min of slow
stirring (45 rpm) and 30 min of settling. For each
test, after adjusting the pH of the Mn solution at the
desired value, PAC and G4 were added as coagulant agent and coagulant aid, respectively
After each experiment, 100 mL of the solution
was withdrawn and filtered using filter of 0.45 μm.
7KH¿OWUDWH ZDVWKHQPHDVXUHGIRU0QE\,&3-MS
(ASTM-3500-Mn C. ICP Method). The removal
efficiency of Mn was calculated based on equation
(1).

MATERIAL AND METHODS

Dendrimer

Variables

Statistical analysis. The results of the CCD
test at different levels, as well as the removal efficiency recorded for every test, are shown in Table
3. RE represents the independent variables for the
tests, namely the removal efficiencies obtained.

Design of experiment. The experiments were
designed, using central composite design (CCD),
by which four variables at five levels were defined.
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FIGURE 1
SEM images for deposits of Mn removal process

(i.e. Manganese removal efficiency by PAC and
G4). The significance, degree was set at <0.05 as
the P value of the tests. As a result of statistical
tests, a Quadratic model was fitted to the variables
studied, leading in the present study to equation (2).
The variation of the data around the fitted model
was described by the lack of fit (LOF). If the model
does not fit the data well, it becomes significant.
According to table 4 the F-statistic was insignificant (P values for lack of fit were larger than 0.05),
indicating significant model correlation between the
variables and the process responses [26].

TABLE 3
CCD design with coded factor levels for
manganese removal
Run
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

X1
4.5
9.5
4.5
9.5
4.5
9.5
4.5
9.5
4.5
9.5
4.5
9.5
4.5
9.5
4.5
9.5
2
12
7
15
7
7
7
7
7
7
7
7
7
7

X2
2
2
5
5
2
2
5
5
2
2
5
5
5
2
5
5
3.5
3.5
0.5
4.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5

X3
5
5
5
5
15
15
15
15
5
5
5
5
5
15
15
15
10
10
10
5
0
20
10
10
10
10
10
10
10
10

X4
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.14
0.14
0.14
0.2
0.14
0.14
0.02
0.26
0.14
0.14
0.14
0.14
0.14
0.14

RE%
49
71.2
51.3
89.2
48
61.3
46.2
79.9
52
73.12
99.36
82.9
53.7
76
44
78.9
42.2
99.36
57.1
44
58.2
60.8
42
56
75.9
75.6
73
78
78.1
74.3

(Mn Removal)= -19.833+2.18 X1+3.777 X2+2.722
X3+603.09 X4+0.94 X1X2-22.3 X2X4±0.69 (X2)2±
0.14 (X3)2±1759.722 (X4)2
(2)
The credibility of a predictive model can be
determined through statistical tests, including P
value, determination of coefficients and the lack of
fit test. Based on the results of ANOVA test, the
model was statistically significant (P value < 0.05).
7KHSRO\QRPLDOPRGHO¶VTXDOLW\RIWKHILWZDV
expressed by the determination coefficient R2 and
the adjusted R2. Table 5 shows the correlation coefficient, R2 and adjusted R2, in the ANOVA analysis. The R2 coefficient gives the proportion of the
total variation in the response predicted by the
model. A high R2 value is targeted, namely close
to1 and in addition the R2 value should show a reasonable agreement with the adjusted R2. A high R2
coefficient ensures that the Quadratic model has
satisfying adjustment to the experimental data [26].
The R2 for manganese removal was 0.96, showing a
high correlation between the independent variables
and the responses.

Statistical test of ANOVA by the Design Expert Software was conducted on the obtained results
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TABLE 4
ANOVA results for manganese removal by PAC-G4 as the response
Source
Model
X1-pH
X2-Mn
X3-PAC
X4-G4
X1X2
X1X3
X1X4
X2X3
X2X4
X3X4
X12
X22
X32
X42
Residual
Lack of Fit
Pure Error
Cor Total

Sum of
Squares
6648.84
4500.18
308.74
36.31
90.17
199.37
2.19
0.0009
30.47
64.48
15.76
29.57
80.05
408.32
1152.92
210.54
190.27
20.27
6859.38

df
14
1
1
1
1
1
1
1
1
1
1
1
1
1
1
15
10
5
29

Mean
Square
474.92
4500.18
308.74
36.31
90.17
199.37
2.19
0.0009
30.47
64.48
15.76
29.57
80.05
408.32
1152.92
14.04
19.03
4.05

F
Value
33.84
320.62
22
2.59
6.42
14.2
0.16
0.000064
2.17
4.59
1.12
2.11
5.7
29.09
82.14

p-value
Prob > F
< 0.0001
< 0.0001
0.0003
0.1286
0.0229
0.0019
0.6984
0.9937
0.1613
0.0489
0.3061
0.1672
0.0305
< 0.0001
< 0.0001

4.69

0.0509

significant

not significant

TABLE 5
Regression analysis for manganese removal by PAC_G4, quadratic response surface model
Type of coefficient of regression
R-Squared
Adj. R-Squared
P- value

Manganese removal
0.96
0.94
< 0.0001

FIGURE 2
3D plots for the effect of pH and manganese concentrations on manganese
removal by PAC and G4 (PAC=10 mg/L, G4=0.14 mg/L)
Model validation. In order to validate the obtained model, five distinct tests were conducted,
considering the optimal conditions deduced from
the design of experiments. The average experimental removal yield for Mn along with standard
deviation was 89.85 ± 6.11%, showing close correlation with the predicted amount through the mathematical model (98.9%), highlighting the predictive
ability of the model.

pH. Therefore, pH could be an important parameter
in coagulation process and pollutants removal [31].
In most waters, having pH value of about 4 to 7,
divalent manganese is dominant, and at alkaline pH
divalent manganese oxides to four-valent manganese. As obtained in this study, the best removal
efficiency for Mn at pH value of 9.5 was 82 percent. Semerjian et al. (2003) reported that for high
magnesium concentrations in wastewater, magnesium hydroxide precipitate forms which is gelatin
precipitate could be effective as coagulant aid [32].
From this, increasing the Mn concentration and
high pH helped to form magnesium hydroxide precipitate and the use of G4 increased the removal
efficiency due to trapping these precipitates between polymeric branchesIt is in agreemen with
previous studies. Indeed, Wu et al. studied Arsenic

The effect of the independent variables. The
interaction effects of pH and initial Mn concentration on the removal efficiency are shown in Fig. 2.
As it can be seen,the removal efficiency displayed a
peak when the pH increases from 4 to 9.5. The pH
affected hydrolysis of various PAC species and the
presence of different Mn species in soil depends on
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cies and the hydrolyzed aluminum properties
during the coagulation process [38]. Results of this
study showed that the impact of the PAC concentration was not statistically significant, which could
be due to the low range of concentrations tested in
the present study. But this factor was exponentially
significant leading to a non-linearized and binomial
square model. Shubo Deng et al. (2011) used PAC
coDJXODQWIRUSHUÀXRURRFWDQRDWHUHPRYDOIURPVXrface water and showed that by increasing the coagulant dose, PFOA content and residual suspended
particles decreased and PFOA transfer from aqueous phase to solid phase could occur due to interactions between electro statistic negative PFOA and
positive PAC [31].
Linear polymers have only two terminal
groups, while terminal groups of dendrimers exponentially increase with each generation. Therefore,
various atoms could increase exponentially combination ability with other molecules. This unique
properties of dendrimers made them appropriate for
absorption [39]. As shown in Fig. 3, by increasing
the G4 poly-amidoamine concentration, manganese
removalyield increased. Increasing G4 amount
from 0.08 to 0.2 could increase the removal efficiency to 78 percent. It is in agreement with previous findings [40].

removal from wastewater and found that this coagulant had higher efficiency at pH values above 6
[33]. Rether and Schuster studied selective isolation
and heavy metals recovery via modified polyamidoamine dendrimer (PAMAM) and showed that
the highest retention percent was quantitatively
obtained at a pH value of 9 [34].
As shown in Fig. 3, by increasing the G4-PAD
concentration from 0.08 to 0.2 mg/L in the solution,
Mn removal yield increased from 42% to 78%. According to the Fig.2, the removal efficiency increased with the initial amount of Mn and the improvement was more significant at low Mn concentrations. In addition, Mn removal efficiency was
statistically significant regarding to its initial concentration (Table 4). These results are consistent
with Ilaiyaraja et al. (2013) and Xu and Zhao
(2005) findings. Ilaiyaraja et al. (2013) found the
maximum removal efficiency for 30 mg/L initial
Mn amount and then decreased for higher Mn concentrations
PAC was shown to be an efficient coagulant
applied in water treatment. The results of this study
showed that the impact of the PAC concentration
was exponentially significant leading to he developed model found to be a non-linearized and quadratic square model. Its superiority over other coagulants is associated with the distribution of various
aluminum species in polymerized solutions compared to depolymerized solutions [35, 36].
Also, pre-polymerized coagulants can operate
in a wide pH range [37]. This compound is in its
Al3+form in low pH values. The optimal dose of
PAC as an effective coagulant depends on its neutralizing capacity of strong charge, its stable structure as well as its nano-metric molecular diameter
[36]. Sadri Moghaddam et al. (2011) found that
increasing PAC dose increased the dye removal
efficiency and coagulation behavior of PAC could
be attributed to the surface charge, the neutralizing
ability, the bridging mechanism and/or sweeping
coagulation. Therefore, it is important to understand the distribution of the various aluminum spe-

Comparison with other studies. Due to the
relative density and the hard spheroid terminal layer
of G4-PAD, only surface groups or close to the
surface groups could be physically in contact with
ions. Use of more internal layers of the dendrimer
requires more contact time. Thus, the removal efficiency depends on ability and incidence number
among ions and surface groups of dendrimer. Consequently, by increasing dendrimer concentration,
incidence number should increase, as well as the
removal efficiency [40]. Jiang et al. (2007) reported
that (G1-G4)- PAMAM- Functionalized SBA-15
absorbents have high capacity for divalent metals
removal including Zn2+, Cu2+ and Pb2+ from water
[25].

FIGURE 3
3D plots for the effect of G4 dosage and manganese concentrations on manganese
removal by PAC and G4. (pH=7, PAC=10)
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TABLE 6
Compare study with similar studies
References

Pollutants
Humic Acid

(Gao et al. 2005)[42]
Reactive Blue
(Zhang et al. 2008)[43]

Humic acid
(10 mg/L)
Turbidity

(Zhang et al. 2006)[37]
COD
Present study

Mn

Coagulants type
AlCl3
PAC
PAC_Al13
AlCl3
PAC
PAC_Al13
AlCl3
PAC_Al30
Cactus
AlCl3
Cactus
AlCl3

Coagulant dose
4 mg/L
4 mg/L
4 mg/L
15 mg/L
15 mg/L
15 mg/L
0.01mMol/L
0.01mMol/L
50 mg/L
50 mg/l
45 mg/L
60 mg/L

Removal %
70
80
90
80
90
100
8
72
94
96
55
55

G4-PAC

PAC= 10 mg/L
G4= 0.14 mg/L

82.5

According to the results, the removal efficiency increased with the initial amount manganese.
Manganese removal efficiency at high concentrations increased more slightly than at low concentrations. Manganese removal efficiency was statistically significant regarding to its initial concentration. These results are consistent with Ilaiyaraja et
al. (2013) findings. They found maximum removal
efficiency for 30 mg/L initial Mn amount and then
decreased for higher Mn concentrations [41]. Table
6 represents the comparison of the results of the
present work with the results of other similar studies.
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ABSTRACT

INTRODUCTION

To provide a basis for the planning and management of landscape patterns and the formulation of
ecosystem service value maintenance strategies, this
paper studied the change in landscape patterns and
forecasted the ecosystem service value in the Beijing-Tianjin-Hebei region of China. A landscape
transformation matrix was used to analyse the landscape pattern of the region from 1990 to 2010; the
landscapes and the value of ecosystem services in the
area from 2010 to 2030 were simulated by the compartment model and scenario analysis method. The
results showed the following: (1) Landscapes in the
Beijing, Tianjin and Hebei regions were mainly cultivated land, woodland and grassland. Woodland and
cultivated land were the main landscapes in Beijing,
while cultivated land was the main landscape in the
Tianjin and Hebei province. In the 20 years, landscape changes mainly occurred from 1990 to 2000.
(2) The distribution of natural and artificial or seminatural-semiartificial landscapes was relatively clear.
The natural landscapes, such as woodland and grassland, were mainly distributed in the northwest area,
while the artificial or seminatural-semiartificial landscapes, such as cultivated land and construction land,
were mainly in the southeast of the region. (3) Landscapes typically changed to semiartificial and artificial landscapes; thus, the effect of disturbance on
landscape transformation should not be ignored. (4)
The ecosystem services value of the region would
fall by 110.41 and 1012.44 million yuan per year
with model I and model III, respectively, whereas the
value would increase 811.68 million thousand yuan
per year with model II. (5) The ecosystem service
value in the future will have a slight growth in accordance with mode IV established by land planning,
and it is expected to increase nearly 2 billion yuan in
2030 more than in 2010(in 2010 price level).

A landscape is a geographical unit, ranging
from dozens to hundreds of kilometres, which is
composed of various ecosystems [1](Forman and
Godron,1986). The generalized landscape refers to a
spatial unit with heterogeneity or patchiness from the
micro to macro scales [2,3]. Landscapes are diverse
and have a high degree of heterogeneity (Forman and
Godron,1986)[1]. Landscape heterogeneity and
landscape diversity are the results of disturbance, environmental variation and vegetation succession.
The core contents of landscape ecology research are
landscape spatial patterns, landscape functions and
landscape dynamics[4,5], and the core theory is the
theory of spatial ecology, which focuses on the
maintenance and development of the spatial heterogeneity of a landscape. The goal is to increase scientific understanding within three basic problem areas:
the heterogeneity of systems, the role of scale, and
the effects of heterogeneity and scale among organisms and ecosystems [6]. The spatial patterns of
landscapes restrict the ecological processes of different scales and directly affect the various changes of
landscape [7]. The quantitative analysis of landscape
patterns is the basis for studying the relationship between the pattern and the process [8]. Landscape pattern analysis has played an important role in the
study of landscape ecology in North America, and
even globally, since the 1980s [9].
Interactions among disturbances, climate, and
vegetation influence landscape patterns and ecosystem processes [10]. The ecological stability of a
landscape depends on the diversity of its spatial
structure, its total biomass or potential energy, the
abilities of recovery and regeneration, and the level
of anti-disturbance; hence, interference has a crucial
significance for landscape evolution. Disturbance regimes are changing rapidly, and the consequences of
such changes on ecosystems and linked social-ecological systems will be profound [11]. In particular,
the influence of human disturbance on the ecological
environment is increasing daily, becoming the dominant force of landscape change in some areas, and
landscape fragmentation and the change of land
forms are important manifestations of landscape
change. Ecological research pays a lot of attention to
the correspondence, coordination and regularity of
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land use in the region. To provide a basis for the
planning and management of landscape patterns and
the formulation of ecosystem service value maintenance strategies, this paper studied the landscape
transformation and forecasted the ecosystem service
value in the Beijing, Tianjin and Hebei region from
2010 to 2030. The pattern of landscapes of the region
in the future is bound to be affected by the policy of
"land planning" because the coordinated development of the Beijing-Tianjin-Hebei region is a national strategy. Landscape transformations under the
policy need to change the rules according to land
planning policy. Based on the landscape grid data of
the Beijing-Tianjin-Hebei region in 1990, 2000 and
2010, (1) the landscape transfer matrix from 1990 to
2010 was built which can exhibit how and how much
every landscape change. (2) the ecosystem service
value of the region were simulated under three types
of interference by using a quantitative deductive and
pre push scenario analysis method, and (3) the ecosystem service value of the region was further simulated during the next 20 years according to the regional "land planning" policy.

temporal and spatial scales while focusing on the
scale of research results in different spatio-temporal
scales. The understanding of such issues as global
warming, the protection of biological diversity, and
ecosystem management is affected by interpretation
of scale[12]. Multi-scale studies presumably allow
us to form generalizations regarding the importance
of scale in understanding ecosystem functions and
allow the application of the same ecological principles across a series of spatial domains [13]. However,
analysis at landscape scales show that patterns can
shift rapidly and even transitions from one class to
another (e.g., forest to agriculture) can be quick[14].
Detailed knowledge of LUC is a key parameter for
sustainable planning in the context of agriculture
change, urban development, and forest conservation[15].
The services of ecological systems and the natural capital stocks that produce them are critical to
the functioning of the Earth's life-support system
[16]. Ecosystems also provide a large number of
basic services for human welfare, health, survival
and livelihood [16-19]. Ecological systems, which
have made large contributions to economic and social development, have suffered different levels of
damage and loss. Some scholars have conducted a
considerable amount of research on ecological systems in the early stage[20-24], making the public pay
close attention to this topic. Ecologist Daily and Costanza were recognized as milestones in the study of
the value of ecosystem services. Ecosystem services
were subjected to a wider range of concerns after the
Millennium Ecosystem Assessment (MA) project[17]
and the Economics of Ecosystems and Biodiversity
(TEEB) project[18]. The flows of ESV both positive
and negative were associated with observed land use
changes, but overall land use changes had a negative
impact on ESV [25]. Landscape fragmentation, configuration and diversity, which were induced by urbanization, could significantly impair the provisions
of ecosystem services [26]. The scientific analysis
influence of landscape transformation on ecosystem
services value, which is the basis of ecosystem management measures and policies, supports the sustainable development of human beings.
Urbanization was quite slow after the founding
of a new China, forming a separation and mutual closure "dual society" between urban and rural areas.
The pace of urbanization in China accelerated after
the reform and opening of the country to the outside
world. The coordinated development of the BeijingTianjin-Hebei region rose to the level of national
strategy in February 2014, when it became one of the
three major strategies promoted in the period of the
13th Five-<HDUZLWKWKHLQ³%HOWDQG5RDG´DQGWKH
Yangtze River economic belt. The overall land use
planning of the Beijing-Tianjin-Hebei coordinated
development (2015 to 2020) was promulgated in
May 2016 (hereinafter referred to as "land planning"), becoming a platform for current and future

DATA AND METHODS
Landscape transfer probability matrix. The
Land Transformation Model (LTM) is a Land Use
Land Cover Change (LUCC) model which was
originally developed to simulate local scale LUCC
patterns[27]. The source of the landscape transfer
matrix was a quantitative description of the system
state and state transition in the system analysis [28].
It can reflect various types of landscape changes
related to the number of structural features and the
direction of change during a period[29-32], to better
reveal the spatial and temporal evolution of land use
patterns. A commonly used state transfer matrix is
the area of land use landscape transformation, and it
can be the probability of landscape transformation,
called the Markov transfer probability matrix. Its
expression is
ܵଵଵ
Sij =  ڭ
ܵଵ

ڮ
ڰ
ڮ

ܵଵ
 ڭ൩˄i ««7;j ««7; ij˅ (1)
ܵ

where Sij is the area (probability) of the landscape transferred from land use i to the land use j
from time t1 to time t2; n is the number of landscape
types; Sii is the area (probability) of the landscape i
that remains constant from time t1 to time t2;
σQMୀ 6 represents the total area (probability) of the
LM

landscape i at time t1; and σQLୀ 6LM represents the total
area (probability) of the landscape j at time t2.
Compartment model simulation. In the field
of ecology, the compartment model (CM) was first
proposed by Odum[33]. The universality and
standardization of the method were studied by
Limburg[34]. The compartment model is one of the
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price levels as well as the negative impact of
construction land on the ecological services value,
this paper simulated the change of ecosystem service
values in Beijing-Tianjin-Hebei region from 2010 to
2030.
The estimation formula of ecosystem service
value in the region from 2010 to 2030 is as follows:

basic methods to analyse the behaviour of energy,
material and information flow in an ecological
system. Each landscape is defined as a compartment,
and the area change rate of compartment i(L ««7)
can be described as:
ௗ௫
ൌ  ܫെ ܱ i ««7)
(2)
ௗ

=

ܫ  σǡୀଵ  ൩
ஷ

ஷ

˄i ««7;j ««7; ij˅
=

ܫ  σǡୀଵ ݂ ܵ ൩

ଽ
TESVt = ሺͳ  ݎሻ୲ ȽɅ σଵଷ
ୀଵ σୀଵ ܺ୧௧ ܸܥ $ 㸦 $ $
㸧ܵ 
(6)

ܱ  σǡୀଵ  ൩



where TESVt is the total ecosystem service
value of a certain region at time t, r is the discount
rate (take 4%), t is the estimated year, xit is the area
of the landscape i, Į is spatial heterogeneity coefficient, șis biomass coefficient, VCij is the ecosystem
service value j of the land use i per unit area, VCgr is
the value of the gas regulation service of construction
land per unit area, VCwc is the value of the water conservation service of construction land per unit area,
VCwt refers to the value of the waste disposal service
of construction land per unit area, Sm is the area of
construction land in area m, and it refers to Beijing,
Tianjin and Hebei.

(3)


ܱ  σǡୀଵ ݂ ܵ ൩

ஷ

ஷ

˄˄i ««7;j ««7; ij˅

(4)
where I is the total area inflow of the compartment i; O is the total area outflow of the compartment
i; Sij is the circulation that compartment i obtained
from compartment j; Sji is the circulation that compartment i converted to compartment j since circulation is the area of landscape transferred over a period
of time, assuming that it is only proportional to the
area of landscape Si and Sj; fij is the transfer probability that landscape converting from compartment j to
compartment i; I0j is the area of landscape obtained
from the outside of the compartment; and Oj0 is the
area of landscape transferred to the outside of the
compartment.
The area of landscape i in t time in the future
can be described as follows:
ௗ௫
(5)
xit = xi0 +  t (i ««7)

Scenario analysis method. The scenario
analysis (SA) method, also known as the prospect
description method or script method, is a special
research method that analyses a subject or the macro
environment of a subject. Scenario analysis provides
a powerful tool for integrating knowledge, scanning
the future in an organized way, and internalizing
human choice into sustainability science[36]. The
purpose is to change the current thinking mode,
improve the level of decision-making, and
strengthen the learning ability of people and
systems[37]. It is mainly used in the field of
enterprise management and economic evaluation and
forecast, such as transportation planning [38],
agricultural development[39], energy demand [40],
climate change[41], and other fields.

ௗ

where xit is the area of landscape i in time t, xi0 is the
area of landscape i in 2010.
The compartment model of landscape transformation in the Beijing, Tianjin and Hebei region is
shown in Figure 1.
Estimation of ecosystem services value.
Using the estimation methods of Costanza et al. [16]
and Xie et al. [35] and considering the effects of
spatial heterogeneity, differences in biomass and
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FIGURE 1
Compartment model of landscape transformation

6814

© by PSP

Volume 26 ± No. 11/2017 pages 6812-6824

Fresenius Environmental Bulletin

 !

   

 "

   

 

   
   
   
 

  #

FIGURE 2
Quantitative deduction and pre push scenario analysis method

FIGURE 3
The location of the Beijing-Tianjin-Hebei region in China

as well as 11 prefecture level cities: Baoding,
Langfang, Tangshan, Zhangjiakou, Chengde,
Qinhuangdao, Cangzhou, Hengshui, Xingtai,
Handan, and Shijiazhuang. The study area is 215800
square kilometers. The location of the BeijingTianjin-Hebei region in China is shown in Figure 3.
Thematic Mapper (TM) remote sensing images
from Landsat at the end of the 1980s (1990), 2000,
and 2010 were used as the main data source; 7 types
of landscape (cultivated land, woodland, grassland,
wetland, water areas, construction land and unused
land) and 26 sub categories of landscape grid data
were generated by man-machine interactive visual

It is difficult to predict landscape ecological
systems in the future due to their multiple steady
state mechanisms. Scenario analysis as a methodology, where its connotation decides that it has the
function of resisting risk and expanding thinking[42],
is suitable for a low degree of controllability and a
high degree of uncertainty, such as in land use. The
method, based on quantitative deduction and pre
push scenario analysis, is shown in Figure 2.
Data and processing. The Beijing-TianjinHebei region refers to two municipalities, Beijing
and Tianjin, directly under the central government,
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were construction land and water areas; the proportion of wetland and unused land was very small. The
cultivated land decreased the most from 1990 to
2010, by 4038 km2, and the second was grassland,
reduced by 819 km2; wetland and unused land were
also reduced, and the area of woodland and water areas first increased and then decreased. It was worth
noting that the area of construction land had increased the most over 20 years, from 14412 km2 to
19465 km2, a total increase of 5053 km2.The decrease of cultivated land, grassland, wetland and unused land and the increase of construction land
mainly occurred during the period of 1990-2000.
(2) Characteristics of the landscape structure in
different provinces
With spatial analysis tools in ArcGIS10.2, the
histogram statistics of landscape data were carried
out to obtain the three phases of the landscape in the
Beijing, Tianjin and Hebei region (Table 2).
The landscape of the Beijing, Tianjin and Hebei
Provinces had a greater difference. The landscape of
Beijing was mainly woodland and cultivated land,
with both of the landscape comprising more than 2/3
of the city. The second most common were construction land and grassland, while water areas were very
limited, and there were almost no unused land and
wetlands in Beijing. The landscape of Tianjin was
mainly cultivated land, which was followed by construction land and water areas, accounting for approximately 60% of the city; there were small
amounts of woodland and grassland, and unused
land and wetlands were also very small. The landscape of the Hebei Province was mainly cultivated
land, which was followed by woodland, grassland,
construction land and water areas, accounting for
more than half of the province; the area of unused
land and wetlands was very small. The cultivated
land of Beijing and Tianjin had decreased, while the
construction land had greatly increased over two
decades.
(3) The overall spatial distribution of the landscapes

interpretation. The landscape data set was provided
by the Data Center for Resources and Environmental
Sciences, Chinese Academy of Sciences (RESDC)
(http://www.resdc.cn)[43]. In the process of remote
sensing image rectification, coordinate and its projection parameters were Albers projection, the accuracy of remote sensing interpretation were all over
85%. The histogram statistics of the landscape data
of Beijing, Tianjin and Hebei was carried out with
the spatial analysis tools in ArcGIS 10.2 to get the
three phases of landscape in 1990, 2000 and 2010.
To facilitate compartment simulation, the transformation probability matrix of 7 landscapes was used.
All input GIS10.2 layers were created using grid
cells and served as the base data layer to the LTM for
predicting present and future land use in BeijingTianjin-Hebei region.
The grain yield of China and the Beijing-Tianjin-Hebei region were obtained from the "Statistical
yearbook of China", "Statistical yearbook of Beijing", "Statistical yearbook of Tianjin" and "Hebei
Economic Yearbook" in 1991, 2001, and 2011.
Wastewater, waste gas and waste treatment costs of
the Beijing-Tianjin-Hebei region were obtained from
"China Environmental Statistics Yearbook" in 2011.

RESULTS
Landscapes
and
transformation.
Characteristics of the landscape patterns.
(1) The overall characteristics of the
landscapes.
According to the landscape grid data,
interpreted from remote sensing images in the
Beijing-Tianjin-Hebei region, the composition and
changes of landscapes were calculated from 1990 to
2010 , The results are shown in Table 1.
The landscapes in the Beijing, Tianjin and Hebei region were mainly cultivated land, woodland
and grassland, and the area of the three was more
than 85% of the total area. The second most common

TABLE 1
The change of landscapes in the region from 1990 to 2010.
1990
2000
2010
Landscape
1
2
3
4
5
6
7

Area

Proportion

Area

Proportion

Area

Proportion

112236
44499
35699
1267
6106
14412
966

52.16%
20.68%
16.59%
0.59%
2.84%
6.70%
0.45%

109669
44639
35122
1152
6235
17447
909

50.97%
20.75%
16.32%
0.54%
2.90%
8.11%
0.42%

108198
44609
34880
1119
6046
19465
863

50.28%
20.73%
16.21%
0.52%
2.81%
9.05%
0.40%

1990
-2000
-2567
140
-577
-115
129
3035
-57

variation
2000
-2010
-1471
-30
-242
-33
-189
2018
-46

1990
-2010
-4038
110
-819
-148
-60
5053
-103

Note: 1-7 stands for cultivated land, woodland, grassland, wetland, water areas, construction land and unused land,
respectively.
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TABLE 2
The change of landscapes in different provinces from 1990 to 2010.
1990
Region

Beijing

Tianjin

Hebei

Landscape
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

2000

2010

Area

Proportion

Area

Proportion

Area

Proportion

5872
7299
1373
0
402
1438
3
7380
461
241
34
1721
1723
59
98791
36558
33998
1230
3894
11182
896

35.83%
44.54%
8.38%
0.00%
2.45%
8.78%
0.02%
63.52%
3.97%
2.07%
0.29%
14.81%
14.83%
0.51%
52.96%
19.60%
18.22%
0.66%
2.09%
5.99%
0.48%

5021
7341
1269
0
513
2235
1
7080
465
237
29
1880
1866
48
97525
36743
33544
1123
3834
13336
859

30.65%
44.82%
7.75%
0.00%
3.13%
13.64%
0.01%
61.01%
4.01%
2.04%
0.25%
16.20%
16.08%
0.41%
52.16%
19.65%
17.94%
0.60%
2.05%
7.13%
0.46%

4539
7311
1263
0
476
2790
1
6854
441
199
25
1765
2289
32
96760
36769
33346
1094
3797
14375
829

27.71%
44.63%
7.71%
0.00%
2.91%
17.03%
0.01%
59.06%
3.80%
1.71%
0.22%
15.21%
19.72%
0.28%
51.75%
19.67%
17.83%
0.59%
2.03%
7.69%
0.44%

Area variation
1990
2000
-2000 -2010
-851
-482
42
-30
-104
-6
0
0
111
-37
797
555
-2
0
-300
-226
4
-24
-4
-38
-5
-4
159
-115
143
423
-11
-16
-1266 -765
185
26
-454
-198
-107
-29
-60
-37
2154
1039
-37
-30

Note: 1-7 are the same as those in Table 1.

FIGURE 4
Spatial distribution of landscape in the region from 1990 to 2010.
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1990
-2010
-1333
12
-110
0
74
1352
-2
-526
-20
-42
-9
44
566
-27
-2031
211
-652
-136
-97
3193
-67
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TABLE 3
Landscape transformation in the region from 1990 to 2010.
Period

1990
2000

2000
2010

1990
2010

Landscape
1
2
3
4
5
6
7
Total
1
2
3
4
5
6
7
Total
1
2
3
4
5
6
7
Total

1
85092
4255
8336
471
2192
8796
288
109430
107797
21
78
28
229
29
16
108198
83860
4230
8310
483
2235
8556
287
107961

2
4879
32323
6528
35
386
246
46
44443
52
44497
31
0
24
1
4
44609
4880
32277
6553
35
389
233
46
44413

3
7365
7078
19470
91
466
338
144
34952
7
5
34854
0
9
2
3
34880
7285
7059
19355
87
454
326
146
34712

4
394
25
86
571
26
37
9
1148
4
0
1
1107
7
0
0
1119
381
25
85
549
27
39
9
1115

5
2390
315
475
32
2601
344
29
6186
130
10
34
16
5834
13
2
6039
2319
319
488
44
2460
332
28
5990

6
11575
287
504
61
357
4557
65
17406
1678
106
124
1
132
17402
22
19465
12983
373
612
63
468
4835
86
19420

7
296
35
132
2
21
35
384
905
1
0
0
0
0
0
862
863
283
35
128
2
16
33
363
860

Note: 1-7 are the same as those in Table 1.

woodland and water areas, and a small portion of cultivated land was converted to wetland and unused
land; woodland was mainly converted to grassland,
followed by cultivated land, and a small part of the
woodland was converted to other landscape; grassland was mainly converted to cultivated land and
woodland, and a small part of grassland was converted to other types of landscape; wetland, water areas, construction land, and unused land was mainly
converted to cultivated land and grassland, cultivated
land, cultivated land, and cultivated land and grassland, respectively. In the latter period, cultivated
land was mainly converted to construction land, followed by water areas; woodland was mainly converted into construction land; grassland was mainly
converted to construction land, followed by cultivated land, water areas and woodland; wetland, water areas, construction land, and unused land mainly
converted to cultivated land and water areas, cultivated land and construction land, cultivated land and
water areas, and construction land and cultivated
land, respectively.
Regardless of the same type of landscape transformation between each other (that is, A to A), there
was 24338 km2 of landscape conversion to cultivated
land, and this conversion area was the most in the
previous period, followed by grassland (15482 km2),
construction land (12849 km2) and woodland (12120
km2); the areas converted to unused land (521 km2)
and wetland (577 km2) were

The spatial distribution characteristics of the
landscapes in the Beijing, Tianjin and Hebei region
were significant, and the distribution of natural and
artificial or seminatural-semiartificial landscapes
was relatively clear. The natural landscapes, such as
woodland and grassland, were mainly distributed in
the northwest of the area, and the artificial or seminatural-semiartificial landscapes, such as cultivated
land and construction land, were mainly in the southeast of the region. Water areas and wetlands were
mainly distributed in Bohai Bay and northwest of the
ORFDODUHD&RQVWUXFWLRQODQGVKRZHGREYLRXV³VKDIW
DQGEHOW´SKHQRPHQDZKLFKZHre the formation of
the dual axis of Beijing-Tianjin, Bohai Bay, and the
Shijiazhuang-Xingtai-Handan-Baoding construction
zone. The construction land of the axis of Beijing had
increased continuously in the previous 20 years.
Landscape transition probability matrix.
According to the landscape transfer matrix of Markov, the landscape transfer areas of the Beijing-Tianjin-Hebei region were calculated for every decade
between 1990 to 2010. The landscape transfer areas
in the three periods are found in Table 3.
The conversion of landscape in the Beijing,
Tianjin and Hebei region mainly occurred in the period of 1990-2000 (the previous period), while each
type of landscape conversion area was smaller between 2000 and 2010 (the latter period). In the previous period, the cultivated land was mainly converted into construction land, followed by grassland,
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TABLE 4
Landscape transfer probability matrix in the region from 1990 to 2010
Landscape
1
2
3
4
5
6
7

Transfer
probability
Total
Annual
Total
Annual
Total
Annual
Total
Annual
Total
Annual
Total
Annual
Total
Annual

1

2

3

4

5

6

7

0.7488
0.0374
0.0954
0.0048
0.2339
0.0117
0.3824
0.0191
0.3695
0.0185
0.5961
0.0298
0.2974
0.0149

0.0436
0.0022
0.7283
0.0364
0.1844
0.0092
0.0277
0.0014
0.0643
0.0032
0.0162
0.0008
0.0477
0.0024

0.0650
0.0033
0.1593
0.0080
0.5447
0.0272
0.0689
0.0034
0.0751
0.0038
0.0227
0.0011
0.1513
0.0076

0.0034
0.0002
0.0006
0.0000
0.0024
0.0001
0.4347
0.0217
0.0045
0.0002
0.0027
0.0001
0.0093
0.0005

0.0207
0.0010
0.0072
0.0004
0.0137
0.0007
0.0348
0.0017
0.4067
0.0203
0.0231
0.0012
0.0290
0.0015

0.1159
0.0058
0.0084
0.0004
0.0172
0.0009
0.0499
0.0025
0.0774
0.0039
0.3368
0.0168
0.0891
0.0045

0.0025
0.0001
0.0008
0.0000
0.0036
0.0002
0.0016
0.0001
0.0026
0.0001
0.0023
0.0001
0.3762
0.0188

Note: 1-7 are the same as those in Table 1.

dx4/dt=
0.0002x1+0.0001x3+0.0002x5+0.0001x6+0.0005x
7-0.0283x4
dx5/dt=
0.0010x1+0.0004x2+0.0007x3+0.0017x4+0.0012x
6+0.0015x7-0.02967x5
dx6/dt=
0.0058x1+0.0004x2+0.0009x3+0.0025x4+0.0039x
5+0.0045x7-0.0332x6
dx7/dt=
0.0001x1+0.0002x3+0.0001x4+0.0001x5+0.0001x
6-0.0312x7
where xi㸦i ««,7㸧refers to the area of cultivated land, woodland, grassland, wetland, water areas, construction land and unused land, respectively.

small. In the latter period, the area converted to construction land was 2063 km2, followed by cultivated
land (401 km2) and water areas (205 km2). The area
converted to unused land was almost none. Thus, the
landscape was mainly converted to semiartificial
(cultivated land) and artificial (construction land)
landscapes, the area of unused land is very small, and
the landscape cannot be mistreated by human activities. The area converted to unused land was very
small, and the influence of human activities on land
use landscape transformation cannot be ignored in
the Beijing-Tianjin-Hebei region.
Simulation of ecosystem service value.
Compartment
model
of
landscape
transformation. Landscape transformation was not
only different from 1990 to 2000 but also different
from 2000 to 2010 and in the future; here the average
conversion probability matrix between 1990 and
2010 (Table 4) was used as the basis for the
compartment simulation.
According to the landscape transformation
probability matrix, the annual transformation area of
compartment i (landscape) to the other compartment
j (landscape), and the area of the other compartment
j (landscape) to the other compartment i (landscape)
can be obtained. The landscape transformation
model was established by a compartment model, and
model I was recorded. Based on model I, the change
of landscape in the Beijing, Tianjin and Hebei region
was simulated by altering the parameters in the mode
I.
model I:
dx1/dt=
0.00478x2+0.0117x3+0.0191x4+0.0185x5+0.0298
x6+0.0149x7-0.0126x1
dx2/dt=
0.0022x1+0.0092x3+0.0014x4+0.0032x5+0.0008x
6+0.0024x7-0.0136x2
dx3/dt=
0.0033x1+0.0080x2+0.0034x4+0.0038x5+0.0011x
6+0.0076x7-0.0228x3

Landscape simulation under different scenarios. To explore the influence of landscape transformations on the ecosystem service value in the Beijing-Tianjin-Hebei region based on model I, the
changes of the ecosystem service values in the 20
years after 2010 were analysed using different scenarios:
(1) Maintain the existing interference intensity;
simulate the land use landscape with model (I); then,
estimate the total ecosystem service value of the region according to ecosystem service value per unit
area, called the "trend scenario ".
(2) Reduce the artificial and natural disturbance
intensities and assume that the conversion probability of natural landscapes (woodland, grassland, wetland and water areas) to artificial landscapes (cultivated land, construction land and unused land) is 0.
If the other landscape conversion probability is constant, it can be simulated with model II; this scenario
is called the " protection scenario ".
model II:
dx1/dt = 0.0298x6+0.0149x7-0.0126x1
dx2/dt=
0.0022x1+0.0092x3+0.0014x4+0.0032x5+0.0008x
6+0.0024x7-0.0084x2
dx3/dt=
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0.0032x1+0.0080x2+0.0034x4+0.0038x5+0.0011x
6+0.0076x7-0.0100x3
dx4/dt=
0.0002x1+0.0001x3+0.0002x5+0.0001x6+0.0005x
7-0.0066x4
dx5/dt=
0.0010x1+0.0004x2+0.0007x3+0.0017x4+0.0012x
6+0.0015x7-0.0072x5
dx6/dt = 0.0058x1+0.0045x7-0.0332x6
dx7/dt = 0.0001x1+0.0001x6-0.0312x7
where xi˄L ««,7˅is the same as in model
I.
(3) Increase the artificial and natural disturbance intensities, and assume the conversion probability of artificial landscapes (cultivated land, construction land and unused land) to natural landscapes
(woodland, grassland, wetland and water areas) is 0.
If the other landscape conversion probability is constant, it can be simulated with model III; this scenario
LVFDOOHGWKHRSHQLQJVFHQDULR´
model III:
dx1/dt=
0.0048x2+0.0117x3+0.0191x4+0.0185x5+0.0298x
6+0.0149x7-0.0059x1
dx2/dt = 0.0092x3+0.0014x4+0.0032x5-0.0136x2
dx3/dt = 0.0080x2+0.0034x4+0.0038x5-0.0228x3
dx4/dt = 0.0001x3+0.0002x5-0.0283x4
dx5/dt = 0.0004x2+0.0007x3+0.0017x4-0.0297x5
dx6/dt=
0.0058x1+0.0004x2+0.0009x3+0.0025x4+0.0039x
5+0.0045x7-0.0299x6
dx7/dt=
0.0001x1+0.0002x3+0.0001x4+0.0001x5+0.0001x
6-0.0193x7
where xi˄L ««,7˅is the same as in model

I.
(4) In the future, the main urban area of Beijing
will be the optimized area for reduction, and the suburban area will be a potential digging area. The main
urban area of Tianjin will also be an optimized area
for reduction; the North is a potential digging area,
and the Binhai New Area is an appropriate development zone. The Hebei Province is mainly an incremental control area and moderate development zone;
the urban areas of Chengde, Zhangjiakou, Langfang,
Shijiazhuang, Xingtai, and Handan are incremental
control areas; and the moderate development zones
mainly include the eastern cities of the Hebei Province (such as Qinhuangdao, Tangshan, Cangzhou,
and Hengshui), and Baoding, southwest of Shijiazhuang and the three northern counties of Langfang.
It can be seen that while landscape of the Beijing,
Tianjin and Hebei Province will develop in different
ways, the development and protection of the whole
region is equal. Considering the conversion of landscape in the three regions, the average transfer probability matrix of the landscape in the Beijing, Tianjin
and Hebei region from 1990 to 2010 is shown in Table 5.
The landscape disturbance intensities of Beijing and Tianjin will decrease in the future. Due to
land planning strengthening the protection of cultivated land, it is assumed that the conversion probability of cultivated land, woodland, grassland, wetland and water areas to construction land and unused
land is 0 and that the other landscape conversion
probability is constant in Beijing and Tianjin. The
disturbance intensity remains the same since land use
of the Hebei Province is under the dual

TABLE 5
Landscape transfer probability matrix in different provinces from 1990 to 2010.
Region

Beijing

Tianjin

Hebei

Landscape
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6

1
0.0273
0.0031
0.0094
0.0000
0.0130
0.0172
0.0167
0.0381
0.0118
0.0138
0.0100
0.0118
0.0203
0.0068
0.0380
0.0050
0.0118
0.0194
0.0221
0.0330
0.0155

2
0.0046
0.0419
0.0170
0.0000
0.0116
0.0029
0.0167
0.0007
0.0309
0.0037
0.0000
0.0002
0.0005
0.0000
0.0021
0.0354
0.0089
0.0014
0.0038
0.0006
0.0025

3
0.0016
0.0035
0.0199
0.0000
0.0014
0.0006
0.0167
0.0003
0.0034
0.0173
0.0014
0.0006
0.0008
0.0000
0.0036
0.0089
0.0276
0.0035
0.0054
0.0013
0.0081

Note: 1-7 are the same as those in Table 1.
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4
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0200
0.0001
0.0000
0.0000
0.0002
0.0000
0.0001
0.0218
0.0003
0.0002
0.0005

5
0.0017
0.0005
0.0016
0.0000
0.0170
0.0008
0.0000
0.0033
0.0011
0.0063
0.0171
0.0321
0.0027
0.0068
0.0008
0.0003
0.0006
0.0013
0.0153
0.0009
0.0011

6
0.0147
0.0010
0.0021
0.0000
0.0071
0.0285
0.0000
0.0075
0.0029
0.0089
0.0014
0.0052
0.0256
0.0212
0.0051
0.0003
0.0008
0.0025
0.0029
0.0139
0.0032

7
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0001
0.0153
0.0001
0.0000
0.0002
0.0001
0.0002
0.0001
0.0191
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6-0.0309x7
Note: The change of landscape in Hebei; xi
˄L ««,7˅is the same as in model I.

function of incremental control and moderate development, and the transfer probability of the Hebei
Province is constant. In the future, the landscape of
the Beijing, Tianjin and Hebei region will be described as mode IV. This scenario is called "coordination scenario", which pays equal attention to the
development and protection.
mode IV:
dx1/dt=
0.0031x2+0.0094x3+0.0130x5+0.0172x6+0.0167x
7-0.0080x1
dx2/dt=
0.0046x1+0.0170x3+0.0116x5+0.0029x6+0.0167x
7-0.0071x2
dx3/dt=
0.0016x1+0.0035x2+0.0014x5+0.0006x6+0.0167x
7-0.0280x3
dx5/dt = 0.0017x1+0.0005x2+0.0016x3+0.0008 x6 0.0259x5
dx6/dt = -0.0215x6
dx7/dt = -0.0500x7
Note: The change of landscape in Beijing; xi
˄L ««,7˅is the same as in model I.
dx1/dt=
0.0118x2+0.0138x3+0.0100x4+0.0118x5+0.0203x
6+0.0068x7-0.0044x1
dx2/dt = 0.0007x1+0.0037x3 +0.0002x5+0.0005x6 0.0163x2
dx3/dt=
0.0003x1+0.0034x2+0.0014x4+0.0006x5+0.0008x
6 -0.0238x3
dx4/dt = 0.0001x5-0.0286x4
dx5/dt=
0.0033x1+0.0011x2+0.0063x3+0.0171x4+0.0027x
6+0.0068x7-0.0126x5
dx6/dt = 0.0212x7-0.0244x6
dx7/dt = 0.0001x6-0.0347x7
Note: The change of landscape in Tianjin; xi
˄L ««,7˅is the same as in model I.
dx1/dt=
0.0050x2+0.0118x3+0.0194x4+0.0221x5+0.0330x
6+0.0155x7-0.0120x1
dx2/dt=
0.0021x1+0.0089x3+0.0014x4+0.0038x5+0.0006x
6+0.0025x7-0.0146x2
dx3/dt=
0.0036x1+0.0089x2+0.0035x4+0.0054x5+0.0013x
6+0.0081x7-0.0224x3
dx4/dt=
0.0002x1+0.0001x3+0.0003x5+0.0002x6+0.0005x
7-0.0282x4
dx5/dt=
0.0008x1+0.0003x2+0.0006x3+0.0013x4+0.0009x
6+0.0011x7-0.0347x5
dx6/dt=
0.0051x1+0.0003x2+0.0008x3+0.0025x4+0.0029x
5+0.0032x7-0.0361x6
dx7/dt =
0.0001x1+0.0002x3+0.0001x4+0.0002x5+0.0001x

Simulation results under different scenarios.
The landscape change was simulated under 3 different scenarios in the Beijing-Tianjin-Hebei region using models I, II and III; according to the ecological
service value per unit area in 2010, the ecosystem
service value of the region was predicted from 2010
to 2030, and the results are shown in Figure 5.

FIGURE 5
Simulation results of ecosystem service value in
different scenarios.
Maintaining the existing interference intensity
(trend scenario, model I) and increasing the interference intensity (opening scenario, model III), the ecosystem service value of the region will decrease by
110.41 and 1,012.44 million yuan, respectively, per
year over time; by reducing the interference intensity
(protection scenario, model II), the value of the ecological services in the region will increase by 811.68
million yuan per year. It can be seen that different
disturbance intensities have a certain influence on
the ecological services value of the region, with a
more rapid decline of ecosystem service value with
an increase in the disturbance intensity, and the reduction in the ecosystem services value is greater
with the extension of the interference time. Based on
the simulation of ecosystem service value under different disturbance intensities, it can be speculated
that the decline rate in the ecosystem service value
of the region will increase if the process of urban
construction accelerates; the value of ecosystem services will also drop slowly in the next 20 years if the
existing interference intensity remains unchanged.
In accordance with model IV, the ecological
services values of Beijing, Tianjin and Hebei and the
total ecosystem services value (TESV) of the region
are shown in Figure 6.
The ecosystem service value in the future will
KDYHVOLJKWJURZWKLQDFFRUGDQFHZLWKWKH³FRRUGL
QDWLRQ VFHQDULR´ VHWE\ODQG SODQQLQJDQGLWLVH[
pected to increase nearly 2 billion yuan more in 2030
than in 2010(in 2010 price level). In the case of the
same disturbance intensity, the ecological
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FIGURE 6
Simulation results of ecosystem service value in the "coordination scenario".

and grassland is subdivided into high coverage grassland, medium coverage grassland, and low coverage
grassland; the 13 types of landscape conversion can
be analysed to optimize the results of the compartment simulation.
During 2005 -2020, urban areas are expected to
expand by 304.75 km2 , at an average rate of
20.32km2 /year[44], the results is close to trend scenario(model I) that urban areas will expand at an average rate of 20.04km2 /year. But under the situation
of land use planning in the coordinated development
of the Beijing-Tianjin-Hebei region, construction
land in Beijing will be reduced by 60 square kilometers per year. Obviously, the planning policy has
great influence on the landscape transformation.
Quantitative deduction and the pre push scenario analysis method based on transfer probability
matrix were still linear quantitative analysis methods.
This modification is called land use change and its
pattern is known to occur in a non-linear way, The
land use change modeling community can advance
its models using data mining tools[45]. It is necessary to further use data mining tools to optimize the
result of the scenario simulation. Among the factors
that may influence the changes of VES, climate
change plays a more important role in increasing the
VES than that of land-use change[46]. The impact of
climate change on the regional ecosystem services
value needs to be studied in the future.

service value of Hebei Province would reduce by
68.25 million per year, and the ecosystem services
values of Beijing and Tianjin would increase by
84.41 and 82.73 million yuan per year, respectively,
due to a decreased interference intensity; the increase
in the ecological services value of the two places is
greater than the amount of reduction in the Hebei
province annually. As the proportion of land use in
Beijing and Tianjin is less than 15%, the effect that
the decreased disturbance intensity of the two places
on the growth of total ecological services value in the
region is limited, but it is very important to maintain
and preserve the ecological services value of the region.

DISCUSSION
The highest accuracy of the landscape from remote sensing products in China was used; however,
due to the complexity of remote sensing image interpretation, the landscape areas extracted by ArcGIS
10.2 had a certain deviation in different years; the areas of the region were 215185, 215173 and 215180
km2 in 1990, 2000, and 2010, respectively. Since the
proportion of the deviation accounting for the total
region area was very small, there was no adjustment
when analysing the landscape pattern and transformation.
In the calculation of the landscape transformation matrix and the simulation of the sub compartment, only 7 types of landscapes (7 compartments)
were analysed, and the results were inevitably rough.
We can make full use of the 26 subtypes of landscape
data: cultivated land is subdivided into paddy fields
and dry land; woodland is subdivided into forest land,
shrub forest, sparse forest land, and other forest land;

CONCLUSION
In this paper, a scenario simulation method of
ecological service value based on the landscape
transformation was proposed, it is a fast and convenient method which can be used in other landscape
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[13] Wheatley, M., Johnson, C (2009) Factors limiting our understanding of ecological scale. Ecological Complexity, 6(2):150-159.
[14] Jenerette, G.D., Wu, J. (2001) Analysis and simulation of land-use change in the central ArizonaePhoenix region, USA. Landsc. Ecol. 16 (7),
611-626.
[15] Tayyebi, A., Pijanowski, B.C., Linderman, M.,
Gratton C. (2014) Comparing three global parametric and local non-parametric models to simulate land use change in diverse areas of the
world. Environmental Modelling & Software,
59(59):202-221.
[16] Costanza, R., dArge, R., de Groot, R., Farber S.,
Grasso M., Hannon B.,Limburg K., Naeem S.,
92¶1HLOO R., Paruelo J., G. Raskin R., Sutton
P., van den Belt M. (1997) The value of the
ZRUOG¶V HFRV\VWHP VHUYLFHV DQG QDWXUDO FDSL
tal.Nature 387, 253±260.
[17] Millennium Ecosystem Assessment (MA).
(2005) Ecosystems and Human Well-Being:
Synthesis. Island Press, Washington, DC.
[18] TEEB Foundations (2010) The Economics of
Ecosystems and Biodiversity: Ecologicaland
Economic Foundations. Earthscan, London and
Washington.
[19] TEEB Synthesis (2010) Mainstreaming the Economics of Nature: A Synthesis of the Approach,
Conclusions and Recommendations of TEEB.
Earthscan, London and Washington.
[20] Odum, H.T. (1971) Environment, Power and
Society. John Wiley, New York.
[21] Westman, W.E. (1977) +RZPXFKDUHQDWXUH¶V
services worth? Science 197,960±964.
[22] Ehrlich, P., Ehrlich A. (1981) Extinction: The
Causes and Consequences of the Disappearance
of Species. Random House, New York.
[23] Ehrlich, P.R., Mooney, H.A. (1983) Extinction,
substitution, and ecosystem services.Bioscience
33, 248±254.
[24] de Groot, R (1987) Environmental functions as
a unifying concept for ecology and economics.
Environmentalist Summer 7, 105±109.
[25] Peng, W.F, Zhou, J.M, Fan, S.Y, Yang, C.J.
(2015) Effects of the Land Use Change on Ecosystem Service Value in Chengdu, Western
China from 1978 to 2010. Journal of the Indian
Society of Remote Sensing, 44(2):1-10.
[26] Su, S., Xiao, R., Jiang, Z., Zhang, Y. (2012)
Characterizing landscape pattern and ecosystem
service value changes for urbanization impacts
at an eco-regional scale. Applied Geography.
34(1):295-305.
[27] Pijanowski, B.C., Tayyebi, A., Doucette, J., Pekin, B. K., Braun, D., Plourde, J (2014) A big
data urban growth simulation at a national scale:
configuring the GIS and neural network based
land transformation model to run in a high performance computing (HPC) environment. Environmental Modelling & Software, 51, 250-268.

management practices in view of the change of ecosystem services value.
Landscapes typically changed to semiartificial
and artificial landscapes; thus, the effect of disturbance on landscape transformation should not be ignored. The ecosystem services value of the region
will develop in different directions under different
scenarios in the next 20 years. It is necessary to
strictly protect ecological land of the region in order
to maintain the ecological service value of the region.
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ABSTRACT

INTRODUCTION

The honeybees are vital to the continuity of almost all living things on earth. Unfortunately, honeybees are under the threat of many pathogens as
Paenibacillus larvae. These pathogens cause severe
loss in the hives resulting in bee colony extinction,
which is a cause for international concern because it
results in massive deaths of commercial honeybee
stocks. Due to the economic and ecological importance of honeybees, it is essential to develop effective, sustainable and environmentally friendly
strategies for the control of bee diseases. Among
these strategies, the use of environmentally friendly
biological control preparations which will be developed from its own microbiota is very important.
With the idea that honeybees may be more resistant
to diseases if the microbiota are supported, this study
aimed to first determine the bacteria found in healthy
honeybees and their products. In line with this goal,
nineteen bacteria were identified with molecular
techniques. These included: in the honey, Staphylococcus warneri (HD5, HD20); in the pollen, Lactobacillus kunkeei (HD6), Fructobacillus fructosus
(HD8), S. lentus (HD9), Pantoea vagans (HD10),
Bacillus licheniformis (HS6), Pluralibacter pyrinus
(HS10) and P. anthophila (HS11); in bee bread, L.
kunkeei (HD12), P. agglomerans (HD11), B. cereus
(HS1 and HS3) and B. safensis (HS2 and HS4); and
in the bees, B. safensis (HD18), Escherichia coli
(HD13) and Enterobacter cloacae (HS19, HS20).
Furthermore, it was determined that L. kunkeii (HD6
and HD12) and F. fructosus (HD8) had high inhibition activity against the American foulbrood agent P.
larvae.

Honeybees are very important insect and are
regarded as one of the key species in nature [1].
Unfortunately, these creatures of great importance
for life are hosts to pathogens such as bacteria, fungi,
protozoa, viruses and parasitic mites [2, 3, 4, 5, 6, 7,
8]. These pathogens cause severe hive losses,
leading to decreases in bee populations and even
Colony Collapse Disorder (CCD) [9]. As CCD
results in massive deaths of commercial honeybee
stocks all over the world, it is cause for serious
international concern [10]. Today, beekeepers are
using antibiotics and chemical pesticides to control
microbial pathogens. The use of these substances
causes resistant pathogens to develop and leads to
the spread of more virulent pathogens [11, 12].
Moreover, even more frightening consequences
have been revealed, including imbalances in the
normal microbiota of the beehives which shorten the
life of the bees [13], the suppression of the bee
immune system, along with high colony losses [14]
and the contamination of bee products with chemical
residues [15]. Due to the use of chemicals, their
residues in bee products are causing the quality of
these products to deteriorate [13] and bee products
are becoming unhealthy and unsafe for human
consumption. For this reason, there has been
increasing emphasis on bee diseases in recent years.
Given the economic and ecological importance
of honeybees, it is essential to develop effective,
sustainable and environmentally friendly strategies
for the control of bee diseases. Among these
strategies, the use of biological control preparations
has a very important place. The positive effects of
microbiota on the body of the bee in resisting
diseases were revealed in a study conducted by
Gilliam [16]. Thus, it is envisaged that if the
PLFURELDOIORUDQDWXUDOO\SUHVHQWLQWKHEHHV¶ERGLHV
is supported, the bees may be more resistant to
diseases. For this reason, in this study, the immediate
need was to first determine the microbiota in healthy
bees and in the bee products obtained from them.
The Yigilca honeybees (Apis mellifera) and
their products chosen for this study had never before

KEYWORDS:
Bacteria, honeybee, identification, inhibition activity,
microbiota, Paenibacillus larvae.
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12%), pH (3.0-11.0) and temperature (4-40 °C) was
also investigated. Determine the ability of the strains
to produce catalase, tryptophanase and amylase enzymes [24].

been the subjects of such research. In a survey of 56
different locations in Turkey, the Yigilca honeybee
was found to be different from other bee populations
in terms of body size and the length of their organs
and genetic [17, 18]. No studies to date have been
conducted on the microbiota contained within these
particular bees and their products.
In this context, identification of the bacteria in
the unique ecotype of Yigilca (Duzce, Turkey)
honeybees, and their products (royal jelly, bee
pollen, bee bread and honey) were performed for the
first time in this study. The inhibitory activities of
the isolates against antibiotic-resistant strains were
also investigated in vitro. Furthermore, the
inhibitory activities of isolates were determined
against the American foulbrood agent P. larvae.

Molecular identification of bacterial strains.
For molecular identification of the strains, first, genomic DNA was extracted according to Sambrook et
al. [25]. The polymerase chain reaction (PCR) amplification of the 16S rDNA genes using genomic
DNA was then performed using oligonucleotide primers. The reaction was carried out in a volume of 50
ȝO IRU UNI16S-/ ¶- ATT CTA GAG TTT GAT
CAT GGC TTC A-¶ 81,6-5 ¶-ATG GTA
CCG TGT GAC GGG CGG TGT TGT A-¶ The
PCR content consisted of 2.5 units Taq DNA polyPHUDVH 7KHUPR ȝOî3&5EXIIHUȝO0J&O,
ȝOP0IRUZDUGSULPHUȝOUHYHUVHSULPHU
ȝOG173DQGȝOJHQRPLF'1$DQGVWHULOHGG+20.
The PCR conditions consisted of 36 cycles carried
out after 2 min of denaturation at 95 °C, at 94 °C for
1 min, at 50 °C for 1 min, at 72 °C for 2 min and
finally, at 72 °C for 5 min. PCR samples were sent
to MacroGene (Europe) for subsequent identification.After the base sequence of the 16S rRNA gene
obtained as a result of the sequence was organized
into a regular format by the FinchTv program, a
comparison was made with other 16S rDNA genes
found in the gene pool using the Blast program on
the NCBI website. The results were evaluated according to the findings of the comparison.

MATERIALS AND METHODS
Bee samples and bee products. In the study,
all of the bee and bee products used were produced
by DAGEM (Duzce University Beekeeping Research, Development and Application Center,
Yigilca, Duzce, Turkey) and were provided in a controlled manner at two different periods: the beginning and the end of the summer season. Samples of
bees were collected in 20 mL sterile tubes containing
0.1% peptone-NaCl solution, pollen samples; pollen
traps obtained directly from the bees were placed
into sterile tubes, honey and bee bread samples were
directly cut from the honeycombs using a sterile lancet and then placed into petri dishes; royal jelly samples from the hives separated for queen bee production and from honeycomb cells of other hives were
placed into sterile petri dishes. All specimens were
brought to the laboratory under low temperature (approximately 5 ºC) conditions.

3K\ORJHQHWLF DQDO\VLV 7KH 6 U51$ JHQH
VHTXHQFHV RI WKH LVRODWHV IURP $ PHOOLIHUD DQG
SURGXFWVZHUHXVHGLQWKHSK\ORJHQHWLFDQDO\VLV7KH
SK\ORJHQHWLF DQDO\VLV ZDV SHUIRUPHG YLD WKH
1HLJKERU-RLQLQJ PHWKRG DQG FDUULHG RXW ZLWK
0(*$  VRIWZDUH >@ 7KH UHOLDELOLW\ RI WKH
SK\ORJUDP ZDV WHVWHG E\ WKH ERRWVWUDS DQDO\VLV RI
UHSOLFDWHVXVLQJ0(*$

Isolation of bacterial strains. Bee samples,
the honey stomach and intestinal sections of bee
were homogenized in 0.1% peptone-NaCl solution.
10 g samples of honey and bee bread were weighed
separately in sterile media and homogenized in 90
mL peptone solution (0.1%). Pollen samples were
added to a liquid medium and incubated at 30-37 ºC
for 24-48 h. Royal jelly samples were taken from the
honeycomb cells. All the samples were spread onto
MRS, M17 and NA agars and incubated for 24-48 h
at 30-37 ºC [19-22]. Finally, the bacterial colonies
on the agar media which were found to be different
were carefully selected to obtain pure cultures. The
isolates were labeled and stored in a 20% sterile
glycerol at -20 ºC.

Inhibition activity against antibiotic-resistant strains. The bacterial strains isolated of the
honeybee and its products were tested for the presence of antibacterial activity against various antibiotic-resistant bacteria. The bacteria were obtained
from the Medical Microbiology Laboratory of
Duzce University Medical Faculty Research and Application Hospital. In the study, five different pathogens of hospital origin with multiple antibiotic resistances were used: Acinetobacter baumannii,
Pseudomonas aeroginosa, Staphylococcus aureus,
Staphylococcus epidermidis and Escherichia coli.
Inhibition activity was determined by the well-diffusion and disk-diffusion methods [27, 28].
Inhibition activity against Paenibacillus larvae. The inhibition activity of the 19 isolates obtained in this study against the American foulbrood
agent Paenibacillus larvae was determined using the
well diffusion method of Padilla et al. [27].

Identification of bacterial strains. Identification of the bacterial strains was based on their morphological, physiological, and biochemical characteristics [23]. The bacterial tolerance of NaCl (2%-
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TABLE 1
The morhological characteristics of the bacterial strains
Isolate
Gram staining
Colony characteristics
HD5
G (+)
Light yellow, circular, regular
HD6
G (+)
Cream, circular, regular
HD8
G (+)
Opaque cream, circular, regular
HD9
G (+)
Opaque cream, circular, regular
HD10
G (-)
Light yellow, circular, regular
HD11
G (-)
Light yellow, circular, regular
HD12
G (+)
Cream, circular, regular
HD13
G (-)
Light cream, circular, regular
HD18
G (+)
Cream, circular, regular
HD20
G (+)
Light yellow, circular, regular
HS1
G (+)
Cream, circular, regular
HS2
G (+)
Cream, circular, regular
HS3
G (+)
Light cream, circular, regular
HS4
G (+)
Opaque cream, circular, regular
HS6
G (+)
Cream, filamentous colony
HS10
G (-)
Light yellow, circular, regular
HS11
G (-)
Light yellow, irregular
HS19
G (-)
Light cream, circular, regular
HS20
G (-)
Light cream, circular, regular
NA; Nutrient Agar, MRS A; De Man, Rogosa and Sharpe Aga

FIGURE 1
Temperature tolerance of bacterial strains

FIGURE 2
pH Tolerance of bacterial strains
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Source
Honey
Pollen
Pollen
Pollen
Pollen
Bee bread
Bee bread
Bee gut
Pupa
Honey
Bee bread
Bee bread
Bee bread
Bee bread
Pollen
Pollen
Pollen
Bee
Bee

Media
NA
MRS A
MRS A
NA
NA
NA
MRS A
MRS A
NA
NA
NA
NA
NA
NA
NA
M17
M17
M17
M17
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FIGURE 3
NaCl Tolerance of bacterial strains
TABLE 2
Biochemical characteristics of strains
Isolate
HD5
HD6
HD8
HD9
HD10
HD11
HD12
HD13
HD18
HD20
HS1
HS2
HS3
HS4
HS6
HS10
HS11
HS19
HS20

Tryptophanase Act.
+
-

Amylase Act.
+
+
+
+
+
+
+
+
+
+
+

Catalase Act.
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+; activity, -; no activity

FIGURE 4
DNA profiles of the bacterial strains. 1.HS1, 2.HS2, 3.HS3, 4. HS4, 5.HS6, 6.HS10, 7.HS11, 8.HS20,
9.HS19, 10.HD5, 11.HD6, 12.HD8, 13.HD9, 14.HD10, 15.HD11, 16.HD12, 17.HD13, 18.HD18, 19.HD20
series and then stored for subsequent analyses at -20
ºC in a medium containing 20% sterile glycerol.
Seven isolates were determined as Gram-negative
and twelve isolates as Gram-positive. Colony
characteristics are described in Table 1. The
temperature, pH and NaCl tolerances of bacterial
isolates were seen in Fig. 1, 2 and 3, respectively.
Furthermore, except for the HD13 strain, the
bacterial isolates were shown to be incapable of
producing tryptophanase enzyme. The HD4, HD6,

RESULTS
Characterisation of bacterial isolates. As a
result of the study, two bacterial isolates were found
in the honey, seven in the pollen, six in the bee bread
and four in the bees. No bacterial isolation occurred
in the two samples of royal jelly (Table 1). The 19
bacterial isolates obtained from the honey bees and
their products were labelled as the HD series and HS
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and HD8 isolates did not have the ability to produce
catalase enzyme, while the others were capable of
producing it. The HS2, HS4, HS19, HD18, HD20,
HD6, HD8 and HD12 isolates were found to lack
amylase-producing ability, while the other isolates
were capable of producing it (Table 2).

tory activity (Fig. 7). As a result, the inhibitory activities of other isolates were found to be due to the
supernatant acidity.

Molecular identification of bacterial
isolates. The genomic DNA of the isolates was
isolated (Fig. 4). PCR was carried out using genomic
DNA obtained from the 19 isolates. A fragment of
approximately 1400 bp was amplified and the results
were determined via agarose gel electrophoresis
(Fig.5).Molecular identification of the isolates was
performed after the phylogenetic analysis and
analysis of the fragment sequencing. As a result of
comparison with other sequences found in the gen
bank (NCBI), the HD5 and HD20 isolates were 98%
similar to Staphylococcus warneri (Ac.No.:
HQ831388.1, and Ac.No.:KR809415.1). The HD6
isolate from the pollen,was found to be 99% similar
to L. kunkeei (Ac.No.:JQ009336.1), the HD8 strain
isolate 99% similar to Fructobacillus fructosus
(Ac.No.:LC062898.1), the HD9 isolate 100%
similar
to
Staphylococcus
lentus
(Ac.
No.:KT947109.1), the HD10 isolate 99% similar to
Pantoea vagans (Ac.No.:JX113240.1), the HS6
isolate 98% similar to Bacillus licheniformis (Ac.
No.:KC441774.1), the HS10 isolate 99% similar to
Pluralibacter pyrinus (Ac. No.:LN875036.1) and
the HS11 isolate 99% similar to Pantoea anthophila
(Ac. No.: JN644500.1). The HD11 isolate from the
bee bread was found to be 98% similar to Pantoea
agglomerans (Ac.No.: FJ357815.1), the HD11 strain
99% similar to Bacillus cereus (Ac.No.:
KJ948667.1), the HD12 isolate from the honey was
found to be 99% similar to L.kunkeei (Ac.No.;
AB777210.1) and the HS2 and HS4 isolates 99%
similar to Bacillus safensis (Ac.No.: JF411308.1 and
Ac.No.: KT211482.1). 7KH +' LVRODWH IURP WKH
EHHV ZDV IRXQG WR EH  VLPLODU WR Bacillus
safensis (Ac.No.:KY174336.1), the HD13 strain
isolate 99% similar to Escherichia coli (Ac. No.:
KJ585689.1) and the HS19 and HS20 isolates 99%
similar to Enterobacter cloacae (Ac. No.:
AB244288.1
and
Ac.No.:
LC089714.1).
Furthermore, a phylogenetic tree diagram was
created to illustrate the relationships between the
obtained isolates (Fig. 6).

Honey bees are regarded as a key species in
nature because they the carry the vital capacity
necessary for the continuity of almost all living
things on earth [1]. However, CCD which causes
massive deaths in commercial honeybee stocks all
over the world is causing international concern [10].
Although the reason for these mass die-offs is not
clearly understood, a number of pathogens are
known to be involved [9] and consequently, bee
diseases have become increasingly prevalent in
recent years.
Studies have shown the positive effects of miFURELRWD RQ WKH EHH ERG\¶V DELOLW\ WR UHVLVW GLVHDVH
[16]. In one study conducted in 2004, bee larvae exposed to P.larvae pathogen spores, which cause
American foulbrood disease, were fed with nutrients
containing different probiotic bacteria, and pathogenicity was observed to decrease at definite rates.
As a result of this research, it was reported that protective antibacterial metabolites had been rapidly
produced against these pathogenic spores and that
this probiotic mixture could be used to protect the
health of bees [29].
In this context, a total of 19 bacterial isolates
were identified in this study, with the intention of
providing an alternative solution to colony collapse,
which is a major problem all over the world. The
bees may be more resistant to diseases without the
use of antibiotics if the naturally existing microbiota
in their bodies are supported.
It has been reported that the most dominant
lactic acid bacteria (LAB) species in the honey
stomach of bee species such as A. mellifera, A.
dorsata and the bumblebee belong to the genus
Lactobacillus [30, 31, 32]. In particular,
Lactobacillus species have been shown to be of great
advantage to healthy honeybees. As a probiotic they
help honeybees survive by strengthening their
immune systems against pathogens [5, 29, 31]. In a
study conducted by Olofsson et al. [33], L. apinorum
sp. nov., L. mellifer sp. nov., L. mellis sp. nov., L.
melliventris sp. nov., L. kimbladii sp. nov., L.
helsingborgensis sp. nov. and L. kullabergensis sp.
nov. were isolated from the honeybee A.mellifera. L.
kunkeei has gained importance, especially in the
aftermath of its recent detection in bees. Earlier
valued for the inhibition of undesired pathogens in
wine production and storage, it has recently been
regarded as a kind of probiotic bacterium that can
prevent colony collapse and thus, also provide bee
and hive health [34].

DISCUSSION

Inhibition activity against pathogens. The 19
bacterial isolates obtained in the study were found
that have no inhibitory activity against the five different pathogens of hospital origin pathogens. L.
kunkeii isolates (HD6 and HD12) and F. fructosus
(HD8) were shown high inhibitory activity but the
other isolates were not inhibitory activity against P.
larvae. Furthermore, the supernatants were neutralized and only isolate HD12 was shown high inhibi-

6829

© by PSP

Volume 26 ± No. 11/2017 pages 6825-6834

Fresenius Environmental Bulletin

FIGURE 5
16S rDNA (1400bp) profiles of the bacterial strains.+6+6+6+6+6+6
+6+6+6+'+'+'+'+'+'+'+'
+'+'

FIGURE 6
Phylogenetic analysis of the bacterial strains

FIGURE 7
The inhibition activity of neutralize supernatant of the isolate HD12 against P. larvae
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domly, but are passed on among individuals, and accordingly, it is reported that these symbiotic relationships are responsible for bee health [42].
In this study, it was determined that bacteria of
the genus Bacillus took second place in domination
after LAB. Different Bacillus strains were isolated,
including B. licheniformis (HS6), B. safensis (HS2
and HS4) and B.cereus (HS1 and HS3). As with
LAB, some Bacillus strains have been selected for
use not only in humans but also in animal production
as probiotic supplements [47]. For this reason, bacteria of the genus Bacillus have a potential that cannot be ignored, as pointed out in this study. It is
known from previous works that many bacterial
strains belonging to the genus Bacillus have been
isolated from bees (especially worker bees) and they
were reported in particular to be found in 17% of bee
bread [48]. In one study, the plan was to use B. subtilis bacteria isolated from honey as probiotics
against bee diseases. As a result of the study, it was
revealed that the bacteria could be used in the control
of parasites that cause bee losses such as Nosema sp.
and Varroa sp. [47]. Therefore, when these and similar studies are examined, it can be clearly seen that
it is absolutely necessary to investigate the effects of
the harmless Bacillus spp., such as B. licheniformis
(HS6) and B. safensis (HS2 and HS4), which were
successfully isolated in this study, on different bee
diseases.
Staphylococcus species are also among the bacterium isolated from bees and their products [49, 46].
In a previous study, S. warnelii was isolated from
honeycombs [50]. The presence of bacterial strains
belonging to the Enterobacteriaceae family such as
E.coli (HD13), E.cloacae (HS19 and HS20) and P.
pyrinus (HS10) has also been determined in previous
studies [51, 52].
The 19 bacterial isolates obtained as a result of
the current study were found to exhibit no inhibition
activity against the multiple-antibiotic-resistant A.
baumannii, P. aeroginosa, S. aureus, S. epidermidis
or E. coli pathogens of hospital origin.
Bacterial pathogens such as Melissococcus
plutonius and Paenibacillus larvae and parasites
such as Nosema sp. and Varroa sp. are currently
causing great bee losses and thus are a major
problem for the beekeeping sector and for those
seeking solutions. In this study, it was determined
that L. kunkeii isolates (HD6 and HD12) and F.
fructosus (HD8) had high inhibitory activity.
Specially, the isolate L. kunkeii HD12 promises hope
for future work. The next study, the bacteria will be
tested in vivo applications.
It is hoped that the bacterial isolates obtained
as a result of this study will be shown in the planned
future studies to prove effective in treating bees
against the other various pathogens in both predisease and post-disease contexts.

In this study, for the first time in Turkey, L.
kunkeei (HD4 and HD6) was isolated from the
Yigilca honey bee and its products. In a study
reported by Forsgren et al. [5], 20 lactic acid bacteria
isolated from bee stomachs were applied against the
pathogenic P. larvae bacteria in vitro as well as in
vivo in bioassay investigations. As a result of this
study, it was discovered that the lactic acid bacteria
inhibited the development of the pathogen. It was
also reported in that article that these lactic acid
bacteria might be used to fight against this pathogen,
especially in the frequent struggle in the beekeeping
sector, but that further investigation was needed [5].
A number of studies have found Lactobacillus
strains in bee and bee products. The presence of
Lactobacillus was found in 90.9% of honey, 74.6%
of bee pollen, 83.9% of bee bread, 93.3% of royal
jelly and 34.6% of all bee intestines [35]. L. kunkeei
was reported to be the dominant (> 98%) species in
all honey products, but was reported to be isolated
only at very low doses in the intestines [35]. As in
our study, others have reported that L. kunkeei was
isolated from honey stomachs, bee pollen and bee
bread [30, 36, 37]. Previous studies have reported
that the presence of antimicrobial proteins such as
royalisin in royal jelly was lethal in terms of LAB
[38, 39]. For this reason the isolation of bacteria
from royal jelly had never been achieved in the
number of studies conducted up to 2015. However,
L. kunkeei was isolated from royal jelly for the first
time [35]. In the present work, no bacterial isolation
from royal jelly was obtained.
The F. fructosus (HD8) isolated in this study is
a member of four genera of Fructobacillus [40].
Fructophilic lactic acid bacteria have been identified
[40]. Fructose is a rich medium, so F. fructosus and
L. kunkeei are in the ecological niche of honey and
are frequently colonized, as in the present work [41,
42, 43]. Moreover, in studies designed to determine
the best commodities for protecting bee health, F.
fructosus [42] and L. kunkeei [44] were selected as
commensal organisms. Their adaptation to genetic
manipulations and their widespread use in this ecological setting were influential in this choice [42].
Just as microbiota is extremely important in human
health, rapidly developing studies in recent years
have emphasized that the hive should be taken as a
whole, and that the health of the microbiota of the
hive in its entirety is crucial. The two bacteria presented in this study are extremely important for protecting hive health and present challenges as intensively studied species.
Interestingly, a homogenous bacterial colonization has been reported in a transcontinental species
of a different honeybee [42, 45]. Bacteria belonging
to the genera Bacillus, Staphylococcus and Pantoea
have been isolated from Apis cerana japonica F.
[46]. In particular, studies conducted so far have reported that bee microbiota are not transmitted ran-
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rain in arid regions and pests infestation [4]. Faba
bean dried grains are considered to be a strategic
crop in Jordan for human consumption. This crop
must be stored as dried grains to face catastrophic
events such as war, drought, high demand and other
important problems [1]. During storing, faba bean
seeds will be faced with economic damage caused by
the stored product insects [1, 24, 4, 17, 23]. In this
respect, insects, diseases, and parasites are real problems in the field and during storage [4, 23]. While
seed size and color for faba bean cultivars are factors
affecting quality and quantity. These factors are
mainly genetically fixed.sound management from
planting through harvesting and storing, to delivery
can certainly influence quality factors caused by
shriveling, seed discoloration breakage and stored
product insect damage. They affect human consumption and seed germination due to the seeds will become downgraded class and also result in poor emerJHQFHDQGYLJRUIRUQH[W\HDU¶VFURS[4, 11]. Seeds
should only be stored when dried, so harvest should
commence when seed moisture reaches 13-15 percent [2, 11]. Few studies were reported the stored
faba bean insects such as the broad bean Bruchus rufimanusand B.dentipes[1, 24, 23]. In this study,
many samples of faba beans seeds were collected
from different locations in Jordan to find the biotic
factors including germination, purity and viability
%, and stored insects attacking these stored seeds.

ABSTRACT
Faba bean seeds were collected from stores in
farms from different locations in Jordan between
2015 and 2016 to monitor biological factors affecting the plant yield. Germination, viability and purity
percents of the faba bean seeds samples were examined by the international standards. Seed germination was ranged from 60 to 100% and seed viability
was ranged from 25 to 100% relying on the faba bean
cultivar and the location of seed gathering. The correlation between seed germination and viability %
was highly positive. The seed purity % were ranged
between 97 and 100% in the two faba bean cultivars.
Number of holes resulted from the stored product insects in all seeds in Sudane cultivar were significantly less than the Masre cultivar. The most occurring insects in the seed samples of the two cultivars
collected from several regions in Jordan was
Rhyzopertha dominica Followed by Sitophilus granaria, Bruchus rufimanus,Oryzaephilus surinamensis, and then Anthrenus verbasci, and from Amman
governorate was B.lentis, followed by B.rufimanus,
Callosobruchus maculates, B.incarnatus, B.pisorum
and C.chinensis. several agricultural practices were
recommended to obtain high quality and quantity of
faba bean seeds when cultivated.

KEYWORDS:
Faba bean, Germination, Viability, Vurity, Stored product
insects.

MATERIALS AND METHODS
Seed samples of faba bean. (1) From stores
of farms. Samples of faba bean seeds were gathered
from various locations from farmers stores for two
years extended from 2014 to 2016 to be represented
for most agricultural seed qualities in Jordan. These
samples were placed in a well labeled paper bags and
transferred to the laboratory in the school of Agriculture in the University of Jordan and kept under room
conditions, where temperature in average of 20±5°c
and 75%±5 relative humidity. Temperature in store
houses where they were gathered was in average of
22±3°C and relative humidity % was in average of

INTRODUCTION
Faba bean Vicia faba L.(Fabaceae) belongs to
legumes and is an important crop spread all over the
world. It is cultivated in most world countries including North Africa, Mediterranean regions and Jordan
to get the green and dried grains for human consumption as a source of protein in human diets, animal feed as a forage crop and for available nitrogen
in the biosphere [7, 20, 9]. It can be planted under
irrigation in Jordan valley and in arid regions in Jordan particularly the upper lands. However, faba bean
cultivated area in Jordan has reduced due to low in
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Seed Holes Counting. From each cultivar,
fifty grams from each replicate were placed in a
Petridish which was 10cm in diameter to count the
number of holes caused by insect of the stored products in all faba bean seeds under the dissecting microscope if needed. There were 6 replications for
each cultivar. Total number of holes and average
number of holes per a seed were separately calculated. Differences between means for number of
holes for all seeds and per a seed for the two cultivars
were obtained using the RCD design, one way analysis of variance (F-test) and the LSD test.

40-60%. There were two gathered faba bean cultivars. The gathered samples for each of the cultivars
were replicated from 3 to 10 replications. The size of
each sample was 2 kg taken randomly from the seed
source. These were brought for tests of seed health
and then mixed together. These seeds for each source
were kept separately in paper bags labeled with a
code number for each sample, location and then
stored until seed testing and seed insect determination and examination. The mixed samples from each
location were divided randomly to take the required
quantity for each seed test. Seeds of faba bean samples were collected from different partsof Jordan.
The sites were Amman, Ajloon, Madaba, Karak and
Shoubak.

Stored Product Insects in Each Cultivar.
From each cultivar, fifty grams from each replicate
were placed in a Petri dish which was 10cm in diameter. The found stored product insects were separated
and identified using the key of Pfadt [19] and then
counted.Several keys were used to identify bruchids
that normally infested stored legumes [4, 5, 15, 21].
Differences between numbers of each insect for the
two cultivars were obtained using the RCD design,
one way analysis of variance (Ftest) and the LSD
test.

(2) From Amman Governorate. Seed samples of faba bean from Amman governorate were
collected randomly from different stores of farmers
during 2010 to 2016. The cultivar was Masre
(Balady). The other needed descriptions were mentioned previously in the Materials and Methods item
1
Seed Germination and Purity Tests. Fifty
grams of faba bean seeds from each sample with
three replications were taken. The impurities of weed
seeds and other crop seeds were removed and
weighed using the international standards [13, 16].
The faba bean seeds were dipped in water for 24
hours to test the germination %. Four hundred seeds
from the dipped ones with three replicates and then
divided to four groups. There were 100 seeds in average per group. The seeds were placed over moistened filter papers (Whatsman no.1) in special dish
and then covered with a piece of plastic to avoid drying of seeds. These seeds were left in the laboratory
under room conditions. The temperature was
25°C±2 and relative humidity 60%±5. They were
moistened as required and examined after five days.
The examined faba bean seeds were grouped to
healthy, not healthy and dead ones using the international standards[13]. These seeds were examined,
counted and revaluated after two weeks to be sure of
the primary counting. The % of seed germination
were calculated using the following formula % seed
germination = Normal seedlings/Total number of
seeds, and then the mean of the four replications was
calculated.

RESULTS
Seeds Viability 5 Of Tested Seeds Viability.
Seeds viability 5 of tested faba bean were ranged between 25 and 100%, depending on the collection
source, storing period in farms stores and the cultivar. The lowest viability was in Ajlon for Masre cultivar; it was 100% (Table1)
Seeds Germination. Seeds germination percents of tested faba bean were ranged from 60% in
Ajlon for Masre cultivar to 100% in Amman and
Shoubak for both cultivars namely: Sudane and
Masre cultivars. The correlation between viability of
seeds and the germination % was highly positive; it
(r²) was 0.77 (Tables 1 and 2).
Seeds purity. Seed purity %of tested faba bean
were ranged from 97 in Amman source for Masre
cultivar to 100 in Amman, Ajlon and Karak for both
cultivar namely: Masre and Sudane (Table 1). The
correlation coefficient (r²) between purity and viability was positively weak; it was 0.106 (Table 2). The
correlation between seeds purity and germination %
was positively weak; it was 0.063 (Table 2).

Seed Viability Examination. The faba bean
seeds were placed onto filter papers (Whatsman
no.1) for two days to examine viability of the seeds
under room conditions.This test was carried out according to ISTA [13]. The temperature was 25°C±2
and relative humidity 60%±5. Seed germination %
were calculated by calculating the seeds with
emerged embryos. The re-evaluation was conducted
after weeks to calculate the normal seed germination.

Seeds Holes. Means numbers of holes in seeds
of two faba bean cultivars collected from different
locations in Jordan in 2015 and 2016, resulted from
infestation by several product insects and bruchids in
all seeds and per seed are shown in Table3. Number
of holes in all examined seeds in the Masre cultivar
was significantly greater than the other Sudane cultivar (Table 3). However, means numbers per seed
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in the two above cultivars had the same trend as commented above previously (Table3).

borer (10.7) with a greater mean compared with the
other cultivar (Sudane) infestation (Table 4).

Stored product insects in seeds. (1) From different locations. Means numbers of four species of
stored faba bean insects in two cultivars seeds collected from different locations in Jordan in 2015 and
2016 are shown in Table4. The most common species in the faba bean seeds samples of the two cultivars was Rhyzopertha dominica, the lesser grain
borer, followed by the Sitophilus granaria, the grain
weevil, the Bruchus rufimanus, the large faba bean
beetle, Oryzaephilus surinamensis and then Anthrenus verbasci (Table4).The Masre (Balady)cultivar was significantly infested by the lesser grain

(2) From Amman governorate. Means numbers of six stored product insects isolated from
Masre cultivar from Amman governorate extended
from 2010 to 2016 are shown in Table 5. The most
common insect species in the stored faba bean seeds
samples of the Masre (Balady) cultivar was significantly Bruchus lentis (ervi) (27.14 counted insects),
followed by B.rufimanus (17.11), Callosobruchus
maculates (11.11) and B.incarnatus (10.12) with significant differences, B.pisorum and C.chinensis
which was significantly the lowest (Table 5).

TABLE 1
Percentages of purity%, germination% and viability% for faba bean seeds of two cultivars collected from
different locations of Jordan in 2015 and 2016.
Sample no.

Sample source

Cultivar

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Amman
Amman
Amman
Amman
Amman
Amman
Irbid
Irbid
Irbid
Ajlon
Ajlon
Ajlon
Madaba
Madaba
Madaba
Karak
Karak
Karak
Shobak
Shobak
Shobak
Amman
Amman
Amman
Amman
Amman
Amman

Masre
Masre
Masre
Sudane
Sudane
Sudane
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Masre
Sudane
Sudane
Sudane

Purity
100%
100%
100%
100%
100%
99%
100%
98%
98%
100%
99%
99%
99%
98%
99%
100%
99%
100%
98%
99%
98%
99%
100%
97%
98%
99%
100%

Percentage %
Germination
90%
95%
98%
90%
100%
95%
98%
100%
97%
60%
65%
70%
85%
90%
95%
95%
85%
90%
80%
100%
90%
100%
99%
100%
100%
100%
100%

Viability
95%
95%
97%
70%
75%
78%
90%
75%
80%
25%
35%
40%
100%
98%
99%
97%
90%
95%
90%
90%
94%
95%
90%
93%
95%
95%
92%

TABLE 2
Values of correlation coefficient (r²) between germination%, viability% and purity% for faba bean seeds
collected from different sources in Jordan during 2015 and 2016.
Variables
Seeds germination% vs seeds viability %
Seeds purity% vs seeds germination %
Seeds purity% vs seeds viability

Correlation coefficient (r²)
0.770
0.063
0.106

6837

Volume 26 ± No. 11/2017 pages 6835-6840

© by PSP

Fresenius Environmental Bulletin

TABLE 3
Means numbers of holes caused by several stored product insects in two faba bean cultivars collected
from different locations in Jordan in 2015 and 2016.
No. of holes ± SE
All seeds in 50g
Per seed
89a±7.81
0.13a±0.02
Masre
53b±4.91
0.07b±0.01
Sudane
Means in columns sharing the same letter do not differ significantly at 5% using paired "t"test.
Faba bean cultivar

TABLE 4
Means numbers of four stored product insects for two faba bean cultivars seeds gathered from various
locations in Jordan between2015 and 2016.
No. of counted insects / cultivar ± SE
Rhyzopertha
Sitophilus
Oryzaephilus
Bruchus
Anthrenus
dominica
granaria
surinamensis
rufimanus
verbasci
10.7a±1.12
9.8a±1.01
2.3a±0.06
2.2±0.07
6.5a±1.41
Masre
6.6b±0.96
6.5b±0.89
0.08b±0.02
0.06±0.01
2.1b±0.19
Sudane
Means in columns sharing the same OHWWHUGRQRWGLIIHUVLJQLILFDQWO\DWOHYHOXVLQJSDLUHG³W´
Faba bean cultivar

TABLE 5
Means numbers of six stored product insects for Masre (Balady) cultivar from Amman governorate in
Jordan between 2015 and 2016.
Insect species
No. of counted insects ± SE
11.11±0.37c
Callosobruchus maculatus
17.11±0.39b
Bruchus rufimaculatus
10.12±0.35c
B.incarnatus
6.14±0.35d
B.pisorum
27.14±0.91a
B.lentis
4.02±0.21e
C.chinensis
Means in columns sharing the same letter do not differ significantly at 5% level using LSD test.

months or more [4, 3]. Moreover, some insects in the
stores might come or transfer from the field [6, 4].
The infesting insects whatever from the field or store
houses might reach outbreaks under favorable conditions, resulting high contamination and micro environmental temperature and moisture which speed
infection with fungi and insect pests development
within the stored faba bean seeds, leading to more
losses and bad quality of the stored seeds [8, 3]. Faba
bean seeds should be kept storing in the tidy, well
established bins, without pest infestation, free of undesirable seeds and impurities, with less than 12%
water content, well equipped with ventilation, relevant relative humidity and temperature and well established for insect fumigation. Shrunk, small and
broken seeds should be avoided when storing, because their viability and germination % will be low
[22, 2, 3]. However, faba bean seeds infested by the
stored product insects in this investigation leaded
sometimes to low in stored seeds vigor. These results
for this study agreed with those obtained to similar
investigation in Jordan but on wheat [22, 2] and lentil [3]. Moreover, beetles and weevils and their
stages attacking faba bean seeds might be probably

DISCUSSION
Faba bean pods and seeds are produced
throughout the world to be consumed for human beings as fresh and cooked pods, and dried seeds particularly in the middle east countries [24, 4, 9, 23, 5].
Wheat and faba bean seeds are important strategic
commodities throughout most of the world countries
[1, 3].While seed size and color are factor affecting
quality, and these are largely genetically fixed,
sound management from seeding to delivery may affect quality factors caused by insect damage, shriveling, seed discoloration and breakage. These factors
may not only result in seed being downgraded from
human consumption but may also cause poor in
emergence and vigor for next year's crops [11, 2, 3].
Stored grains and faba bean are subjected to insect
attack and subsequently to deterioration by fungi and
bacteria [2, 3]. These attacking insects in the store
houses contaminate the stored commodities with
hairs, molting skins and dead insects [4, 15, 2]. However, faba bean stored seeds should be protected
from the insects in stores to reduce the loss and damage during storing period which might extend to six
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with less insect infestation compared with the
Masre cultivar. Regular examination and monitoring
for the stored seeds are required to detect any new
pest infestation.

moved to stored ones from the field before and after
harvesting through the bad established store houses
and bins [22, 3]. In agricultural practices, selecting
faba bean seeds is an important process to consider
seed technology particularly purity, viability and
germination %, and insects moved by production
seeds including seed harvesting, packing, sold, and
planting in several global countries. The former processes may have good chance for the bruchids to disperse all over the country and globally, leading to
significant loss in legume and cereal grains [14, 2, 3,
22]. In the present study, stored product insects obtained from the collected seeds of the two faba bean
cultivars are grouped to two categories. In the first
category, those insects which usually attack wheat,
barley and rice grains such as R.dominica, S.granatium and S.surinamensis[13, 3]. The first mentioned two insects are considered to be primary pests
which are able to infest healthy and non healthy cereal and legume grains [10, 2, 3]. The other second
category insects are usually infest legumes in store
house such as B.rufimanus and A.verbasci in faba
bean seeds obtained from the two cultivars from various locations in Jordan, andB.lentis, B.rufimanus,
C.maculatus,
B.incarnatus,
B.pisorum
and
C.chinensis in Masre (Balady) seeds of faba bean
gathered from Amman governorate. These beetles
(bruchids) are normally complete their life cycles in
legume seeds such as faba bean, lentil [3], chickpeas[3] resulting in holes, crushed seeds and powdered stored commodities [12, 15, 3]. Seeds of the
Sudane cultivar from this study have shown less in
number of holes in all seeds and per seed under the
experimental seeds conditions than the Masre
(Balady) cultivar. This might be due to that the Sudane faba bean seeds are smaller in size than the
other cultivar. However, it was noticed that Sudane
cultivar is still more adaptable for Jordanian climate
and other conditions than the Masre. These results
might encourage Jordanian farmer to cultivate and
store the Sudane seeds. However, entomologists
need to cooperate with faba bean breeders to improve or find new cultivars with high quality and less
attack with insects. In addition, the bruchids and the
stored products insect are able to attack and develop
in seeds of faba bean, leading to less germination %,
because these insects are able to kill infested seeds
embryos [22, 18].
In conclusions and recommendations, store
houses should be well equipped and established to
meet required ventilation and insect control fumigation. Stores before storing process should be clean
and free of insect pests. Faba bean seeds with high
quality are needed to get high viability and germination, and high yield quantity. To protect faba bean
seeds from field infestation with insects, the pods
should be harvested as soon as possible after ripening to avoid pest infestation. Before storing, seeds
should be free of weed seeds, small stones, broken
and shrunk seeds. Sudane cultivar had proved to be
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vegetables demonstrated the importance of vegetables in human health and nutrition [2, 3].
Each of the mineral substances has a role and
an importance in the structure and physiological activities of an organism. In the human body there is a
requirement to each mineral substance in different
amounts and degrees. None of the many minerals in
the human body can replace or be used instead of another one [4]. The mineral substances also play a vital role as similar to water, carbohydrates, proteins,
lipids, vitamines and the enzymes required to process these compounds. The minerals are inorganic
substances found in all body tissues and liquids and
their availabilities are required for the progress of
some physicochemical processes required for life
[5]. Mineral substances are used in the robustness of
human body structure and in the structure of haemoglobin, enzymes and hormones and their production
by the human body [2]. Moreover, minerals play
roles in the control of critical pH levels of body liquids required for the control of metabolic reactions,
in the osmotic balance between cell and its environment, and in the activation of enzymes in the cells
and out of the cells. The deficiency of any of the required minerals causes serious metabolic disorders
and puts the health of the organism into danger [6].
The amounts of the minerals found in plants change
depending on the growth location and the soil structure of the growth area and this has been reported by
many researchers [7, 8, 9, 10].
The factors such as developing technology, increasing environmental pollution, pesticide usage,
and ultraviolet light negatively affect the human life
and the lives of all other living organisms and cause
together with intense life conditions an increase in
the level of human stress [11]. These types of environmental and psychological factors cause the formation of free radicals [12, 13]. On the other hand,
food antioxidants reduce the negative effects of free
oxygen and nitrogen radicals that might be formed
in humans [14]. Antioxidants are naturally found in
foods, and phenolics are the main compounds in
foods [11]. Phenolic compounds are the secondary
metabolites found in large quantities in plants and
are divided in two groups including phenolic acids
and flavanoids. There are thousands of phenolic
compounds in plants and foods obtained from plants

ABSTRACT
In the study, the minerals contents and phenolic
compositions of the leaves of 13 edible wild plant
species [Scorzonera cana (C.A.Mey.Hoffm.) Malva
neglecta Wallr., Lactuca serriola L., Rumex patientia L., Centaurea depressa Bieb., Stellaria media L.,
Papaver dubium L., Cichorium intybus L., Tragopogon longirostris Bisch., Sonchus oleraceus L., Polygonum cognatum Meissn., Taraxacum officinale,
Silene alba (Mill.) Krause] utilized as vegetables in
mediterranean region in Turkey were determined.
The results showed that Stellaria media L., Centaurea depressa, Malva neglecta Wallr. Bieb. and Papaver dubium L. were the predominant species in
terms of potassium and magnesium contents, calcium and iron contents, nitrogen content, phosphorus content respectively. Moreover, in the study Rumex patientia L in terms of kaempferol, rutin, ferulic
acid, syringic acid, caffeic acid and eriodictiol, Silene alba (Mill.) Krause in terms of vanillin, epicatechin and p-hydroxy benzoic acid and Tragopogon
longirostris Bisch. in terms of luteolin, benzoic acid
and chlorogenic acid were the richest species.

KEYWORDS
Edible wild plants, mineral substance, phenolic composition, Turkey

INTRODUCTION
Besides the use of vegetables in human nutrition, the realization of their effects of treating some
diseases when consumed demonstrates the mandatory consumption of vegetables in terms of health.
Nowadays, the subject of healthy living becomes
more and more important as time goes by. The fast
living life style and increasing human population in
big cities lead to a stressfull lifestyle and inhibit the
normal functioning of different organs such as brain,
nervous system, stomach, liver, vascular system and
heart in human body. As a result, many diseases such
as diabetes, hipper tension, arterial stiffness, cancer
etc. have appeared [1]. The carbohydrates, proteins,
lipids, minerals, water and antioxidants contents of
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zinc) of samples each with three replications were
determined as described below.
Total nitrogen content of samples was determined with Kjeldahl method and total phosphorus
content with vanadomolibdophosphoric yellow
color method [21]. The potassium, calcium, magnesium, mangan, iron and zinc contents of samples
were determined with atomic absorption spectrophotometer (Varian AA 24 OFS) as described [21, 23].

with different structures [15]. Phenolic compounds
are found naturally in fruits and vegetables [16].
Therefore, peoples daily consume phenolics in a regular way [17]. Recently, the antioxidant activities of
phenolic compounds have been determined and due
to the increase in the interest to foods with high content of phenolic antioxidants there has been an interest to search for the enhancement of the phenolic
compound contents of foods [17, 18]. The biological
activities of phenolic compounds have been better
recognized in the recent years and it is thought that
their most important biological activities are their
preventive effects on the mutagenesis and carcinogenesis [17]. It is thought that the natural antioxidants such as vitamines and phenolic compounds
found in fruits and vegetables are responsible for the
chemopreventive effects [19, 20].
The objective of this study was to determine the
content of mineral substances and phenolic compounds of some uncultivated weed species consumed as vegetables by considering the increased interest to use various plants as human food especially
for a healthy life.

HPLC determination of phenolic compounds. 5 g of homogenized plant tissue were added
to 50 ml methanol and incubated in a ultrasonic water bath for 15 min. The mixture was filtered into a
cylinder with a filter paper. The filtrate was evaporated in an evaporator. The cylinder was washed
with 5 ml methanol and 20 μl of which were injected
into an HPLC.
HPLC system (Shimadzu model) was used for
the determination of phenolics using the modified
method of Caponio et al. (1999) [24]. For this purpose, a SCL- 10Avp system controller, a SIL-10AD
vp autosampler, a LC-10AD vp pump, a DGU-14a
degasser, a CTO-10 Avp column heater, a DAD (Diode Array Detector) with a wavelength of 278 nm
and Agilent Eclipse XDB-C 18 (250 x 4.60 mm i.d.
ȝP column were used for chromatographic anal\VHV0RELOHSKDVH³%´FRQWDLQHG0HWKDQRO  
DQG PRELOH SKDVH ³$´ FRQWDLQHG DFHWLF DFLG  
The gradient programme was as follows: 7% B/93%
A as initial condition, 28% B/72% A for 20 min,
25% B/75%A for 8 min, 30% B/70% A for 7 min,
30% B/70% A for 15 min, 33% B/67% A for 10 min,
42% B/58% A for 2 min, 50% B/50% A for 8 min,
70% B/30% A for 3 min, 80% B/20% A for 2 min,
100% in B for 5 min and 7% in B for 1 min. The flow
rate was 0.8 mL/min and the injection volume was
ȝ/7KHFROXPQWHPSHUDWXUHZDVVHWDW&7KH
amounts of phenolics were expressed as μg/g fresh
weight.

MATERIALS AND METHODS
In
the
study
Scorzonera
cana
(C.A.Mey.Hoffm.), Malva neglecta Wallr., Lactuca
serriola L., Rumex patientia L., Centaurea depressa
Bieb., Stellaria media L., Papaver dubium L.,
Cichorium intybus L., Tragopogon longirostris
Bisch., Sonchus oleraceus L., Polygonum cognatum
Meissn., Taraxacum officinale, Silene alba (Mill.)
Krause species naturally grown in Akdeniz region
(Turkey) and used as vegetables in various ways
were used as plant material.
These plant species were collected from Isparta
region (30q20' and 31q33' east longitude and 37q18'
and 38q30' north latitude) and brought to the laboratory under controlled conditions at the Horticultural
Sciences department, College of Agriculture at Suleyman Demirel University, and were prepared for
the determinations of their mineral substance and
phenolic compounds contents.

Statistical analysis. All experiments were performed with three replications. The data were subjected to the analysis of variance using MINITAB 17
programe and the means were separated with Tukey
test.

Determination of minerals. The collected leaf
samples were sequentially washed with top water,
diluted acid solution (0.2 N HCl) and distilled water,
and after drying in an oven at 65°C the samples were
grinded [21]. 0.4 g of grinded leaf sample was placed
into a teflon cap and 10 ml nitric acid was added. The
samples were then burned for 15 min at 180 °C in a
microwave and cooled for 15 min. The burned samples were transferred into measurement cylinders
(50 ml) with filter papers [21,22]. The nutritional element contents (total nitrogen, phosphorus, pottasium, calcium, magnesium, copper, mangan, iron,

RESULTS AND DISCUSSION
Mineral substance contents. The mineral substance contents of 13 species were presented in Table 1. At the end of the study, the effects of species
on the mineral substance contents were found to be
significant. The contents of nitrogen, phosphorus,
potassium, magnesium, calcium, zinc, iron, mangan
and copper varied from 2.87 to 5.45%, from 0.39 to
0.93%, from 2.83 to 8.23%, from 0.41 to 1.06%,
from 1.36 to 4.52%, from 25.22 to 69.60 ppm, from
101.63 to 1002.10 ppm, from 25.90 to 133.67 ppm,
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0.14 to 0.34%, 0.90 to 1.40%, 0.020 to 0.035%, 0.40
to 0.67% and 0.17 to 0.34% respectively. Citak and
Sonmez (2009) [32] showed that the nitrogen, phosphorus, potassium, calcium, magnesium, iron, copper, mangan and zinc values in Spinacea oleracea L.
varied from 1.68 to 4.94%, 0.21 to 0.80%, 3.13 to
9.80%, 0.91 to 2.02%, 0.38 to 0.88%, 188 to 1255
ppm, 4.30 to 7.70 ppm, 38.6 to 74.0 ppm, 40.2 to
141.2 ppm respectively.
As compared to the results of all these studies,
the 13 species used in our study demonstrated similar or close mineral matter contents and even higher
contents as in the case of nitrogen and calcium. In
terms of nitrogen, Malva neglecta Wallr., Rumex patientia L., Papaver dubium L., Cichorium intybus L.,
Sonchus oleraceus L., Polygonum cognatum
Meissn., Taraxacum officinale and Scorzonera cana
(C.A.Mey.Hoffm.) species contained higher nitrogen as compared to the species reported in the literature. When the species were evaluated in terms of
phosphorus Papaver dubium L., Rumex patientia L.
and Stellaria media L. come forward. The highest
potassium content was obtained from Stellaria media L. species which was close to the highest values
reported from the literature. Considering the calcium
contents it is observed that Centaurea depressa
Bieb. and Malva neglecta Wallr. species contained
the higher values than those reported in the literature.
Among the species, Stellaria media L. in terms of
magnesium, Sonchus oleraceus L. in terms of mangan, Cichorium intybus L. in terms of zinc and Taraxacum officinale in terms of copper were the predominant species. The highest iron contents reported
in the literature was obtained from Spinacea
oleracea L. (1255 ppm) and Centaurea depressa
Bieb. (1002.10 ppm) species. All of these results
demonstrated that the species evaluated in our study
were as valuable as the cultivated vegetable species
in terms of mineral substances.

from 2.13 to 11.17 ppm among species respectively.
While the highest potassium and magnesium contents were obtained from Stellaria media L., the
highest calcium and iron contents from Centaurea
depressa Bieb., nitrogen content from Malva neglecta Wallr., phosphorus content from Papaver dubium L., zinc content from Cichorium intybus L.,
mangan content from Sonchus oleraceus L., and the
copper content were observed from Taraxacum officinale. Considering all the results together, the
mineral matter contents of the leaves demonstrated a
wide variation among species. These results have
also been observed from previously conducted studLHV <ÕOGÕUÕP HW DO   >@ KDYH REVHUYHG LQ D
study designed to determine the nutrient contents of
some wild plant species consumed as vegetables that
Plantago minor L. species, the leaves of which are
consumed, contained 0.57 g.100 g-1nitrogen, 60.74
mg.100 g-1 phosphorus, 714.53 mg.100 g-1 potassium, 52.43 mg.100 g-1 magnesium, 370.70 mg.100
g-1 calcium, 5.03 mg.100 g-1 iron, 0.88 mg.100 g-1
zinc, 0.68 mg.100 g-1 mangan and 0.09 mg.100 g-1
copper; Lathyrustuberosus L. contained 1.08 g.100
g-1 nitrogen, 66.09 mg.100 g-1 phosphorus, 1544.38
mg.100 g-1 potassium, 43.13 mg.100 g-1 magnesium,
228.87 mg.100 g-1 calcium, 2.54 mg.100 g-1 iron,
0.60 mg.100 g-1 zinc, 0.78 mg.100 g-1 mangan and
0.07 mg.100 g-1 copper. Divrikli et al. (2003) [26]
reported that lettuce, cabbage and spinach contained
47.7-99.6 μg/g, 60.9-93.9 μg/g and 158.6-261.6 μg/g
Fe in their leaves, respectively. Tüzel et al. (2011)
[27] have reported that Lactucasativa L. var. longifolia cv. Yedikule contained 1.32-2.94% nitrogen,
0.24-1.14% phosphorus, 3.43-7.67% pottasium,
0.32-2.03% calcium, 0.14-1.17% magnesium,
40.50-73.77 ppm iron, 118.23-444.89 ppm mangan
and 11.67-49.70 ppm zinc and Lactuca sativa L. var.
crispa FY$UDSVDoÕKDG-3.07% nitrogen, 0.100.30% phosphor, 3.04-8.01% pottasium, 0.33-2.00%
calcium, 0.19-1.25% magnesium, 55.50-266.10 ppm
iron, 87.00-979.66 ppm mangan and 12.33-61.40
ppm zinc. Moreover, Yücel et al. (2011) [28] have
determined that the leaves of Chenopodium album L.
var. album, Rhus coriaria L., Tragopogon dubius
Scop., Urtica dioica L. species contained 9.40%,
1.94%, 5.80% and 3.74% potassium respectively.
Mielmann et al. (2017) [29] demonstrated that the
phosphor, potassium, calcium, magnesium, zinc,
iron, mangan and copper contents of the leaves of
Beta vulgaris var. cicla L. were 0.47%, 3.48%,
1.40%, 1.52%, 37.76 ppm, 310.37 ppm, 113.33 ppm
and 12.46 ppm respectively. On the other hand, Pessoa et al. (2016) [30] reported that the calcium, potassium, phosphor and iron contents of the leaves of
Brassica oleracea L. var. costata changed between
3.3 and 3.9%, 2.7 and 5.3%, 0.4 and 0.8% and 32.9
and 347.0 ppm respectively. Reza et al. (2016) [31]
have reported that in the leaves of Brassica oleracea
var. Capitata nitrogen, phosphor, potassium, zinc,
calcium and magnesium ranged from 0.96 to 1.90%,

Phenolic contents. In the study, the phenolic
compound contents of species were presented in Table 2. Variance analyses showed that the phenolic
compounds contents of the species varied significantly with the exception of rosmarinic acid and oFRXPDULFDFLG S 5RVPDULQLFDFLGZas determined only in the samples of Silene alba (Mill.)
Krause species (7.06 μg g-); and o-coumaric acid
only from Polygonum cognatum Meissn. species
(425762 μg g-).
The apigenin, kaempferol, luteolin, quercetin,
cinnamic acid, eriodictiol, hesperidin, rutin, benzoic
acid, ferulic acid, p-coumaric acid, vanillin, syringic
acid, epicatechin, caffeic acid, chlorogenic acid, phydroxy benzoic acid, catechin hydrate, gallic acid,
protocatechic acid of the species varied from 0.275.36 μg g-, 0.86-3.01 μg g-, 0.18-4.95 μg g-, 1.111.77 μg g-, 0.21-1.04 μg g-, 0.30-179.20 μg g-, 0.812.31 μg g-, 4.27-74.93 μg g-, 1.66-138.21 μg g-, 0.488.40 μg g-, 0.13-2.15 μg g-, 0.11-4.90 μg g-, 0.73-
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TABLE 1
The mineral substance contents of the species
Species
Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause
Species
Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause

N (%)
4.98 a
5.45 a
4.78 ab
5.22 a
2.87 d
4.06 bc
5.16 a
5.15 a
3.85 c
5.07 a
5.07 a
5.06 a
3.40 cd
Zn (ppm)
29.05 cd
29.47 cd
31.52 cd
29.08 cd
36.05 cd
29.63 cd
28.24 cd
69.60 a
40.07 c
25.22 d
36.13 cd
52.71 b
33.72 cd

P (%)
0.76 b
0.53 d
0.75 b
0.91 a
0.44 e
0.90 a
0.93 a
0.71 bc
0.39 e
0.67 c
0.67 c
0.76 b
0.72 bc
Fe (ppm)
238.80 ef
101.63 g
265.43 cdef
102.60 g
1002.10 a
336.80 bcd
213.43 ef
282.20 cde
256.80 def
184.87 fg
228.70 ef
354.03 bc
402.00 b

K (%)
5.32 bcd
3.41 fg
6.51 abc
4.88 cdef
3.47 efg
8.23 a
7.09 ab
5.42 bcd
2.83 g
4.38 defg
5.22 cde
4.53 defg
5.51 bcd
Mn (ppm)
60.57 de
51.57 e
68.63 cd
27.87 f
62.93 de
79.30 c
36.10 e
101.27 b
95.57 b
133.67 a
25.90 f
126.03 a
60.57 de

Mg (%)
0.41 f
0.75 b
0.46 ef
0.52 de
0.54 de
1.06 a
0.55 d
0.64 c
0.46 ef
0.48 def
0.63 c
0.53 de
0.78 b

Ca (%)
2.26 ef
4.29 a
2.44 ef
1.50 g
4.52 a
2.62 de
3.20 c
2.88 cd
3.09 c
2.17 f
1.36 g
2.65 de
3.81 b
Cu (ppm)
8.13 bc
5.67 def
6.00 cde
6.07 cde
4.33 efg
5.17 def
4.60 def
9.17 ab
9.17 ab
6.93 bcd
2.13 g
11.17 a
3.47 fg

Means within the same column followed by the same letters are not statistically different at the 5% level of signifLFDQFH S
TABLE 2
The phenolic compounds contents of the species (μg g-1)
Species
Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause
Species
Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause
Species

Apigenin
0.27 h
5.36 a
3.14 c
Nd
Nd
2.20 de
3.65 b
1.49 g
2.31 d
1.42 g
1.74 f
2.05 e
1.83 f
Rosmarinic
acid
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
7.06
P-coumaric
acid

Kaempferol
Nd
1.78 c
1.83 c
3.01 a
2.54 b
Nd
0.86 d
Nd
Nd
Nd
0.86 d
Nd
Nd

Luteolin
1.16 d
0.47 e
1.10 d
Nd
2.53 b
1.87 c
0.18 f
0.27 f
4.95 a
0.19 f
Nd
2.51 b
Nd

Hesperidin

Rutin

Nd
Nd
Nd
Nd
Nd
2.31 a
Nd
Nd
1.73 b
Nd
Nd
0.81 c
Nd

Nd
Nd
Nd
74.93 a
Nd
8.35 d
Nd
4.98 e
31.60 b
Nd
Nd
4.27 f
12.82 c
Syringic
acid

Vanilin

6844

Quercetin
Nd
Nd
Nd
1.23 b
Nd
Nd
Nd
Nd
1.11 c
Nd
1.77 a
1.12 c
Nd
O-coumaric
acid
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
425762
Nd
Nd

Cinnamic acid
0.21 e
Nd
Nd
Nd
Nd
0.50 c
Nd
Nd
0.41 d
1.04 a
Nd
0.82 b
Nd

Epicatechin

Caffeic acid

Benzoic acid
1.66 f
Nd
Nd
3.82 e
75.19 b
17.60 c
Nd
Nd
138.21 a
Nd
Nd
11.26 d
12.83 d

Eriodictiol
Nd
Nd
Nd
179.20 a
Nd
Nd
Nd
Nd
Nd
Nd
Nd
0.30 b
Nd
Ferulic
acid
Nd
0.48 e
0.69 d
8.40 a
Nd
Nd
1.68 c
0.58 de
Nd
Nd
Nd
1.87 b
Nd
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Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause
Species
Scorzonera cana (C.A.Mey.Hoffm.)
Malva neglecta Wallr.
Lactuca serriola L.
Rumex patientila L.
Centaurea depressa Bieb.
Stellaria media L.
Papaver dubium L.
Cichorium intybus L.
Tragopogon longirostris Bisch.
Sonchus oleraceus L.
Polygonum cognatum Meissn.
Taraxacum officinale
Silene alba (Mill.) Krause

0.13 d
Nd
Nd
0.98 c
Nd
Nd
2.15 a
Nd
Nd
Nd
Nd
Nd
1.69 b
Chlorogenic
acid
29.19 h
5.73 j
60.38 f
28.08 h
379.74 b
4.39 j
Õ
67.27 e
550.93 a
36.79 g
355.68 c
127.09 d
2.66 j

0.51 c
0.39 cd
Nd
0.46 c
Nd
Nd
0.11 e
0.27 d
Nd
0.11 e
2.23 b
2.30 b
4.90 a
P-hydroxy
benzoic acid
Nd
Nd
Nd
1.91 d
6.40 b
0.38 e
0.49 e
Nd
2.48 c
Nd
Nd
Nd
16.24 a
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2.38 b
Nd
Nd
2.49 a
1.89 c
Nd
Nd
Nd
Nd
Nd
Nd
Nd
0.73 d
Catechin
hydrate
Nd
Nd
10.35 c
Nd
Nd
2.01 d
1.59 d
30.16 b
Nd
Nd
167.11 a
32.43 b
Nd

ÕM
Nd
10.18 e
1.60 j
4.71 h
Nd
22.91 c
57.10 b
7.08 g
Õ
8.62 f
11.86 d
63.64 a
Gallic acid
22.75 a
Nd
Nd
2.60 e
8.52 c
Nd
Nd
Nd
3.62 d
Nd
3.32 d
21.00 b
8.33 c

7.40 b
Õ
3.10 d
29.15 a
Nd
KÕ
1.42 fg
Nd
3.27 d
0.90 gh
5.04 c
2.11 e
1.55 f
Protocatechic
acid
Nd
Nd
21.90 a
Nd
Nd
Nd
Nd
Nd
Nd
Nd
Nd
18.64 b
Nd

Means within the same column followed by the same letters are not statistically different at the 5% level of signifLFDQFH S 1G1RWGHWHFWHG
g-1 in rocket salad. Deng et al. (2013) [35] determined 10.12 mg/100g gallic acid, 5.46 mg/100g
chlorogenic acid and 2.84 mg/100g kaempferol in
Brassica capitata var. italica; 6.7 mg/100g gallic
acid, 0.66 mg/100g chlorogenic acid in Vigna unguiculata (Linn.) Walp; and 6.58 mg/100g gallic
acid, 14.46 mg/100g kaempferol in Spinacia
oleracea L. Yang et al. (2008) [36] reported 8.7
mg/100g fw quercetin and 36.5mg/100g fw
kaempherol in Eruca sativa; 1.7 mg/100g fw
kaempherol and 71.8 mg/100g fw apigenin in Petroselinum crispum; 1 mg/100g fw luteolin and 2.5
mg/100g fw apigenin in Apiumgravolens. Chon and
Kim (2002) [37] determined in the leaves of Medicago sativa L. 0.0501, 0.0042, 0.0008 mg g-1caffeic
acid, ferrulic acid and o-coumaric acid respectively.
Proteggente et al. (2002) [38] reported 2.76 and 1.94
mg/100g fw rutin in apple and tomato respectively.
Mattila and Hellström (2007) [39] determined in Lycopersicon esculentum, Lactuca sativa var. crispa,
Brassica oleracea var. botrytis and Allium cepa
0.14, 1.5, 0.11 and 0.20 mg/100g protocatechic acid
respectively. Oboh et al. (2016) [40] determined 1.69
mg/g gallic acid, 8.05 mg/g caffeic acid, 0.76 mg/g
luteolin, 4.98 mg/g quercetin and 3.71 mg/g
kaempferol in Brassica oleracea var.capitata L., and
8.37 mg/g gallic acid, 8.46 mg/g caffeic acid, 3.95
mg/g luteolin, 14.28 mg/g rutin, 12.95 mg/g quercetin and 10.12 mg/g apigenin in Cucumis sativus L.
Khang et al. (2016) [41] observed after 5 days of germination in white cowpeas 70.8, 30.4, 28.9, 18.2,
199.5 and 12.5 μg g-1 caffeic acid, syringic acid, vanillin, ferrulic acid, benzoic acid and cinnamic acid

2.49 μg g-, 1.60-63.64 μg g-, 0.29-29.15 μg g-, 2.66550.90 μg g-, 0.38-16.24 μg g-, 1.59-167.11 μg g-,
2.60-22.75 μg g- and 18.64-21.90 μg g- respectively.
While the highest kaempferol, rutin, ferulic
acid, syringic acid, caffeic acid and eriodictiol were
obtained from Rumex patientia L. species; the highest vanillin, epicatechin, p-hydroxy benzoic acid
were observed from Silene alba (Mill.) Krause species, and the highest luteolin, benzoic acid and
chlorogenic acid were from Tragopogon longirostris
Bisch. species. Among the 13 species used in the
study, Polygonum cognatum Meissn. in terms of
quercetin and catechin hydrate; Scorzonera cana
(C.A.Mey.Hoffm.) with respect to gallic acid, Malva
neglecta Wallr. in terms of apigenin, Stellaria media
L. with respect to hesperidin, Papaver dubium L.
with respect to p-coumaric acid, and Sonchus
oleraceus in terms of L. cinnamic acid were the predominant species.
The amount and contents of phenolic compounds of 13 species evaluated in the study showed
high variations. This finding was in agreement with
the findings of many researchers. Proestos et al.
(2006) [33] determined that Castanca vulgaris contained 3.4 mg/100g dry sample gallic acid, and 6.7
mg/100g dry sample ferrulic acid and Styrax officinalis 1.3 mg/100g dry sample gallic acid, 17.3
mg/100g dry sample ferrulic acid, and 2.1 mg/100g
dry sample p-hydroxy benzoic acid. Ombra et al.
(2017) [34] found 28.99 μg g-1 gallic acid, 20.25 μg
g-1chlorogenic acid and 3.57 μg g-1caffeic acid in
cabbage, and 16.11 μg g-1 gallic acid, 21.35 μg g-1
chlorogenic acid, 1.07 μg g-1 caffeic acid, 125.40 μg
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crops as influenced by metallurgical slag
DGGLWÕRQWRPDUJLQDOVRLO)UHVHQ(QYLURQ%XOO
26(1a) 1017-1025.
[11] Ogut, S. (2014) Importance of Natural Antioxidants. Journal of Adnan Menderes University
Agricultural Faculty. 11(1), 25 ± 30.
[12] Hochstein, P. and Atallah, A.S. (1988) The nature of oxidant and antioxidant systems in the
inhibition of mutation and cancer. Mutation Research. 202, 363-375.
[13] Benzie, I.F.F. (2003) Evolution of dietary antioxidants. Comparative Biochemistry and Physiology Part A. 136,113-126.
[14] <ÕOPD],  Some Food Containing Antioxidants and Oxidatif Stress. International Medical Journal Turgut Ozal Med. Cent. 17(2), 143153.
[15] Nizamlioglu, N.M. and Nas, S. (2010) The phenolic compounds in vegetables and fruit; strucWXUHVDQGWKHLUÕPSRUWDQFH(OHFWURQLF-RI)RRG
Technologies. 5, 20-35.
[16] Garcia-Salas, P., Morales-soto, A., Segura-carretero, A. and Fernandez-Gutierrez, A. (2010)
Phenolic-Compound-Extraction Systems for
Fruit and Vegetable Samples. Molecules. 15,
8813-8826.
[17] Ho, C.T. (1992) Phenolic Compounds in Food
an Overview. ACS Symposium Series; American Chemical Society: Washington, DC. 3-7.
[18] Palma, M., Pineiro, Z. and Barroso, C.G. (2002)
In-line pressurized-fluid extraction-solid-phase
extraction for determining phenolic compounds
in grapes. J. Chromatogr. A.968 (1-2), 1-6.
[19] Ruxton, C., Gardner, E. and Walker, D. (2006)
Can pure fruit and vegetable juices protect
against cancer and cardiovascular disease too?
A review of the evidence. International J. of
Food Sciences and Nutrition. 57, 249-272.
[20] Saura-Calixto, F. and Goñi, I. (2006) Antioxidant capacity of the Spanish Mediterranean diet.
Food Chemistry. 94, 442-447.
[21] Kacar, B. and Inal, A. (2008) Bitki Analizleri.
Nobel Yayin No:1241, Ankara.
[22] Agazzi, A. and Pirola, C. (2000) Fundamentals,
methods and future trends of environmental microwave sample preparation. Microchemical j.
67, 337-341.
[23] Lindsay, W.L. and Norvell, W.A. (1978) Development of a DTPA soil test for zinc, iron, manganese and coper. Science Society of American
J. 42, 421-428.
[24] Caponio, F., Alloggio, V. and Gomes, T. (1999)
Phenolic compounds of virgin olive oil: Influence of paste preparation techniques. Food
Chem. 64, 203-209.
[25] Yildirim, E., Dursun, A. and Turan, M. (2001)
Determination of the Nutrition Contents of the
Wild Plants Used as Vegetables in Upper Coruh
Valley. Turk. J. Bot. 25, 367-371.

respectively. All these findings regarding the variations in the amount and types of phenolic compounds
were in agreement with our findings. Moreover, the
results showed that the 13 species were as valuable
as the cultivated vegetables in terms of phenolic
compounds contents.

CONCLUSION
Considering all the results together, the 13 species evaluated in the study were as rich as the cultivated species in terms of the contents of mineral substances and phenolic compounds. With this respect,
the determination of the nutrient contents of these
species is important. The studies regarding the introduction and domestication of these species should be
conducted and presented to the humanity for healthy
nutrition and alternative food supply.
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AN ASSESSMENT OF SURFACE SOIL MOISTURE BASED
ON IN SITU OBSERVATIONS AND LANDSAT 8 REMOTE
SENSING DATA
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The normalized difference vegetation index
(NDVI) is a common vegetation index (VI) for monitoring drought detection [6, 7]. However, NDVI has
some limitations for drought monitoring [8, 9].
Therefore, some studies have used the enhanced vegetation index (EVI) and modified soil adjusted vegetation index (MSAVI) instead of NDVI [10, 11].
But, one single VI could not reflect the surface condition comprehensively. There is a need for a more
sensitive indicator to reflect SSM [12]. Petropoulos
et al. provided an overview of these methods and
summarized their relative advantages and disadvantages [13-15]. Sandholt et al. proposed a technique for estimating SSM by linking the LST and VI
scatterplot with an index, which they termed temperature-vegetation-dryness-index (TVDI) [16, 17].
Over the recent decades, a number of researchers have studied this method to retrieve the regional
SM. Holzman and Liang constructed TVDI datasets
using MODIS data and analyzed the temporal and
spatial variations in drought [18, 19]. Most studies
have focus on MODIS data [20-23]. There are few
studies about Landsat 8 data.
In this paper, three TVDIs (LST/NDVI,
LST/EVI, and LST/MSAVI) were constructed in the
study area using Landsat 8 image. Based on the in
situ SM data on 04/09/2016, the retrieval models for
SM were constructed by analyzing the correlation
between the three different TVDIs and in situ SM.
Then regional SSM was obtained on 04/09/2016 and
the retrieval models were verified by the remote
sensing and in situ SM data on 04/23/2015.

ABSTRACT
In this study, we derived regional soil moisture
(SM) using the latest Landsat 8 image and in situ soil
moisture observations at the People's Victory Irrigation District, China. Landsat 8 image was used to
construct the temperature-vegetation-dryness-index
(TVDI), which integrates the vegetation index (VI)
and land surface temperature (LST) to reflect the regional soil moisture conditions. The normalized difference vegetation index (NDVI), enhanced vegetaWLRQLQGH[ (9, DQGPRGL¿HGVRLO adjusted vegetation index (MSAVI) were used in this study to construct the LST-VI feature space. The correlations between the in situ soil moisture observations and the
three TVDIs calculated via the LST-NDVI, LSTEVI, and LST-MSAVI were analyzed. The results
indicated that the three TVDIs had a negative correlation with the soil moisture. Then the effective
depth of the surface soil moisture was analyzed and
found that the soil moisture at a depth of 0-200 mm
had a stronger correlation with the TVDIs than the
other depths. Finally, the retrieval models were verified by using the remote sensing and in situ soil
moisture data on another day.

KEYWORDS:
Landsat 8, temperature-vegetation-dryness-index, in situ
soil moisture

INTRODUCTION


MATERIALS AND METHODS

Surface soil moisture (SSM) structure and evolution affect surface and subsurface runoff, land surface and atmosphere feedback, and groundwater recharge [1]. At present, SSM observations are available from multiple sources [2-4]. With the development of remote sensing technology, remote sensing
data has shown a great deal of promise because of
their capability to provide spatially continuous observations of SSM [5].

Study area.The People's Victory Irrigation
District is located to the north of the Yellow River in
Henan province (Figure 1). The irrigated area in the
district covers 99,200 ha. It is one of the main grainproducing areas in Henan province. Winter wheat
and corn are the main crops in the region. This paper
focuses on the growing season of winter wheat
which is from October to May. This area has a
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transit dates. The soil samples were collected using
the randomized sampling technique from the study
area by using an auger. There were 19 soil samples
on 04/23/2015 and 04/09/2016. Each sampling point
was at least 30 meters away from roads, trees, and
other things with strong ground reflection rates
(Landsat 8 has a 30-meter spatial resolution). The
depths for the sample points are 0-200 mm, 200-400
mm, 400-600 mm, 600-800 mm, and 800-1000 mm.
Samples were placed in aluminum boxes and transferred to the laboratory to measure the moisture. For
each test point, we used GPS to obtain its latitude
and longitude.

monsoon climate of medium latitude with 600 mm
average annual precipitation. The mean annual
temperature is 14.5 °C. The rainy period is generally
from June to September, whereas precipitation is
rare from October to May. Thus, irrigation is needed
during the growing season of winter wheat.
Remote sensing data and in situ data.Landsat
8, which was successfully launched on 11 February
2013, was a new member the Landsat satellite
constellation [24]. The application of this remote
sensing data is relatively minimal, at present.
Landsat 8 carries two sensors, the Operational Land
Imager (OLI) and the Thermal Infrared Sensor
(TIRS), and has a 16-day repeat cycle. For the
purpose of this research, Landsat 8 images of level
1T products with lower cloud cover from the USGS
Earth Explorer website were chosen. The Landsat 8
L1T products were geometrically corrected with an
approximately 12 m circular error and 90%
FRQ¿GHQFH JOREDO DFFXUDF\ 7KH VWXG\ DUHD LV
covered by two tiles. The dates of the images were
04/23/2015 and 04/09/2016. Radiometric correction
for NIR, red, and blue bands were carried out by
ENVI/FLAASH
software
(http://www.exelisvis.com/). Then, the two tiles
were mosaicked using the nearest-neighbor resample
method.
The in situ SM data used in this study were acquired by the oven-drying method and almost covered the whole study area. The in situ data were collected in the period that was close to the satellite

Vegetation index. In this study, three
vegetation indices (NDVI, EVI, and MSAVI) were
calculated from the reflectance using the following
equations:
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FIGURE 1
Location of the study area
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FIGURE 2
The theory of the TVDI.

FIGURE 3
The feature spaces derived from the LST and VIs on 04/09/2016.
UDGLDQFH Ĳ /Ļ DQG /Ĺ DUH DOVR FDOOHG WKH DWPRV
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Retrieval of the land surface temperature
(LST). The LST is one of the key parameters in the
physics of land-surface processes and is used in
many environmental studies [26, 27]. Although
Landsat 8 image has two thermal bands, band 10 and
band 11, it always calculates the LST from a single
thermal band, band 10, because band 11 has ongoing
calibration issue [28]. Currently, there are three
algorithms to derive the LST from Landsat
TM/ETM+ and Landsat 8 TIRS band 10: the
radiative transfer equation (RTE), the generalized
single-channel method (GSC), and the monowindow algorithm (MWA) [29]. In addition to
emissivity, some extra parameters are required for
using MWA and GSC, while RTE does not need
extra input parameters [29]. Therefore, we used the
RTE to derive the LST in this study.
The basic theory of the RTE is that the solar
UDGLDWLRQLVPXFKVPDOOHUWKDQWKH(DUWK¶VUDGLDWLRQ
[30]; thus, the at-sensor radiance measurement includes three primary terms: the Earth-emitted radiance, the atmospheric path radiance, and the reflected downwelling sky irradiance. The at-sensor
radiance can be described as follows:
/Ȝ ሾİ%ሺ7ሻሺİሻ/ĻሿĲ/Ĺ
(4)
:KHUH/Ȝ LVWKHDWVHQVRUUDGLDQFHĲLVDWPRVSKHULF
WUDQVPLVVLRQİLVWKHODQGVXUIDFHHPLVVLYLW\/ĻLV
WKHGRZQZHOOLQJUDGLDQFH$QG/ĹLVWKHXSZHOOLQJ

Temperature vegetation dryness index,
TVDI.The concept of the temperature vegetation
dryness index (TVDI) that was proposed by
Sandholt is shown in Figure 2. Using the TVDI
method, the study area should be large enough to
provide a wide range of NDVI and SM conditions
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As shown in Figure 4, the relationship between
the soil moisture and the three TVDIs is negative.
Thus, larger TVDI values correspond to lower soil
moisture contents and more severe agricultural
drought. This finding is consistent with the theory of
the temperature vegetation dryness index [16]. When
comparing the results of the linear fitting, the R2
value is greater at 0-200 mm than that of other
depths. As we all know, the remote sensing method
is good at retrieving the SSM rather than the root
zone soil moisture. Thus, the TVDI can be considered as a suitable indicator to monitor the surface soil
moisture.
At the same depth, the R2 value is the greatest
between SM and LST-EVI, followed by the LSTMSAVI and the smallest is between SM and LSTNDVI. Zhang et al. [34] and the authors also proposed that the LST-EVI had a stronger relationship
with SM than LST-NDVI and LST-MSAVI. Thus,
the LST-EVI is being selected to retrieve the SSM at
a depth of 0-200 mm in the study area. The results
are shown in Figure 5.

[4, 16]. The TVDI can be calculated using the
following equation:
/67/67PLQ

 
79',
/67PD[ /67PLQ

 
/67PLQ DPLQ EPLQ 9,
/67PD[ DPD[ EPD[ 9,
 
:KHUH/67LVWKHREVHUYHGVXUIDFHWHPSHUDWXUHDWD
JLYHQSL[HO/67PLQDQG/67PD[DUHWKHPLQLPXPVXU
IDFHWHPSHUDWXUHDQGWKHPD[LPXPVXUIDFHWHPSHU
DWXUHUHVSHFWLYHO\IRUDJLYHQ9,DQGDPLQEPLQDPD[
DQGEPD[DUHWKHSDUDPHWHUVRIWKHZHWHGJHDQGWKH
GU\HGJH
The method to determine the dry and wet
edges, which are used to define the upper and lower
boundary lines of the scatter diagram of the feature
space by ranking the VI values from 0 to 1. Then,
0.01+0.02n (n = 1, 2, ···) is taken as the center, and
the maximum and minimum values of the LST are
extracted at widths of 0.02. The corresponding VI
values are used to make pairs. Finally, linear fitting
is used to generate the dry and wet edges [11]. This
process is carried out using the IDL language.

Validation of the SSM estimation. We
verified the three inversion models obtained from the
linear regression between SM and the three TVDIs
on 04/09/2016 at a depth of 0-200 mm by using the
remote sensing data on 04/23/2015 and in situ SM.
The relative error and the mean relative error are
calculated as the criterion (Table 1).
As the Table 1 shown, the average of the retrieve SSM by the LST-EVI is closer to the in situ
SSM than the other TVDIs. The average relative error of the retrieve SSM by the LST-EVI is 15%,
which is smaller than that of the retrieve SSM by the
LST-MSAVI and LST-NDVI (16%). So the LSTEVI is more advantageous to retrieve the SSM.

RESULTS
The parameters of wet and dry edges. When
using the LST/VI to generate the TVDI feature
space, it is important to derive the parameters of the
wet and dry edges. In this study, a linear regression
was used to calculate the relationship between LST
and three VIs. The wet and dry edges derived from
the LST and three VIs are shown in Figure 3.
The result showed that all scatterplots represent
a trapezoidal shape or triangular shape. Very similar
scatterplots are observable for LST-MSAVI/NDVI,
which the scatterplots exhibit a triangular shape.
However, the scatterplot for LST-EVI shows a trapezoidal shape. All wet edges of the feature space are
not strictly parallel to the x-axis.
The slope of the wet edge is greater than 0, indicating that when VI increases, the maximum LST
decreases. The slope of the dry edge is less than 0,
indicating that when VI increases, the minimum LST
increases (Figure 3). This result is agreement with
other studies [34, 35].

DISCUSSION

LST and three VIs extracted for the study area
from the Landsat 8 remote sensing data on
04/09/2016 to construct the LST-EVI, LST-MSAVI,
and LST-NDVI feature spaces (Figure 3). The conVWDQWWHUPVLQWKH ZHWDQGGU\HGJH ¿WWLQJV VLJQLI\
that the LST of bare soil pixels under suĸcient water
VXSSO\ DQG ZDWHU GH¿FLHQF\ UHVSHFWLYHO\ >@ $V
Figure 3 shows, the wet edge is defined as parallel to
the x-axis. However, in many TVDI method applications, the wet edge is not strictly parallel to the
horizontal axis [16, 34, 36]. This phenomenon may
be due to the change of the slope, not only because
the VI and LST, but other factors, such as evapotranspiration, height of the vegetation canopy, and so on
[36].
As is known to all, soil moisture retrieval from
remote sensing data represents the surface soil water
conditions. Finn et al. found that remote sensing data
have been relatively successful in measuring SM at

Relationship between the three TVDIs and
soil moisture. The three TVDIs (LST-EVI, LSTMSAVI, and LST-NDVI) were calculated on
04/09/2016 from the LST and VI using the TVDI
equation, which represent the relative soil moisture.
The linear regression was used to calculate the
relationship between the in situ soil moisture and the
three TVDIs. A linear correlation was established
between the three TVDIs and soil moisture content
at all depths, and is presented in Figure 4. As
expected, high TVDI values are associated with low
soil moisture content, and vice versa.
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a depth of 50 mm from the top soil surface [37].
Zhang et al. reported that the effective soil depth for
SM assessment of remote sensing data is 100 mm
[38]. Guo et al. proposed that the remote sensing data
has a higher correlation with SM at a 200 mm soil
depth compared to the other soil depths [39]. However, the effective soil depth for the surface soil

Fresenius Environmental Bulletin

moisture has been a controversial issue. In this paper,
correlation between TVDIs and in situ soil moisture
at depths of 0-200 mm, 0-400 mm, 0-600 mm, 0-800
mm, and 0-1000 mm was examined, respectively. As
the results showed, TVDIs have strong correlation
with the soil moisture at a depth of 0-200 mm compared to the other depths.

FIGURE 4
Relationships between the three TVDIs (LST-EVI, LST-MSAVI, and LST-NDVI) and soil moisture at
different depths on 04/09/2016.



© by PSP

Volume 26 ± No. 11/2017 pages 6848-6856

Fresenius Environmental Bulletin

FIGURE 5
The spatial distribution of the SSM at a depth of 0-200 mm on 04/09/2016.
TABLE 1
The Person correlation of soil moisture at a depth of 0-200 mm on 04/23/2015.
Sample
point

In situ
SSM

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
average
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ments. Remote sensing can be used to repeatedly observe SSM at relatively low cost, and remote sensing
data can be acquired for free. The Landsat 8 data has
high spatial resolution and can be acquired for free,
but relatively few studies have employed Landsat 8
images. In this study, Landsat 8 image was used to
construct the TVDI feature space and then the spatial
distribution of SM in the study area was acquired.

CONCLUSIONS
Monitoring the in situ SM is tedious and expensive. Moreover, the regional representativeness of in
situ SM measurements is commonly questioned due
to the spatial variability of SM across heterogeneous
areas. The use of remote sensing for monitoring SM
has unique advantages compared to field measure-
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[4] Rahimzadeh-Bajgiran, P., Omasa, K., Shimizu,
Y. (2012) Comparative evaluation of the Vegetation Dryness Index (VDI), the Temperature
Vegetation Dryness Index (TVDI) and the improved TVDI (iTVDI) for water stress detection
in semi-arid regions of Iran. ISPRS Journal of
Photogrammetry and Remote Sensing, 68, 1-12.
[5] Hain, C.R., Mecikalski J.R., Anderson M.C.
(2009) Retrieval of an available water-based
soil moisture proxy from thermal infrared remote sensing. Part I: Methodology and validation. journal of hydrometeorology, 10(3), 665683.
[6] Liu, W.T.H., Massambani, O., Nober C.A.
(1994) Satellite recorded vegetation response to
drought in Brazil. International Journal of Climatology, 14, 343-354.
[7] Kogan, F.N. (1990) Remote sensing of weather
impacts on vegetation in non-homogeneous areas. International Journal of Remote Sensing,
11(8), 1405-1419.
[8] Bajgiran, P.R., Shimizu, Y., Hosoi, F., Omasa,
K. (2009) MODIS vegetation and water indices
for drought assessment in semi-arid ecosystems
of Iran. Journal of Agricultural Meteorology,
65(4), 349-355.
[9] Wang, J., Price, K.P., Rich, P.M. (2001) Spatial
patterns of NDVI in response to precipitation
and temperature in the central Great Plains. International Journal of Remote Sensing, 22(18),
3827-3844.
[10] Rahdari, V., Abadi, S.M.N., Amiri, F., Shariff,
A.R.B.M., Tabatabaie, T. (2012) Detection of
land-use/cover changes over Chahnimeh in Iran
using Landsat TM images. Fresen. Environ.
Bull., 21(12a), 3825-3835.
[11] Yang, X., Wu, J.J., Yan, F., Zhang, J. (2009) Assessment of regional soil moisture status based
on characteristics of surface temperature/vegetation index space. Acta Ecologica Sinica, 29(3),
1205-1216.
[12] Bajgiran, P.R., Berg, A.A., Champagne, C.,
Omasa, K. (2013) Estimation of soil moisture
using optical/thermal infrared remote sensing in
the Canadian Prairies. ISPRS Journal of Photogrammetry and Remote Sensing, 83, 94-103.
[13] Petropoulos, G.P., Ireland G., Barrett B. (2015)
Surface soil moisture retrievals from remote
sensing: Current status, products & future trends.
Physics and Chemistry of the Earth, Parts A/B/C,
83-84, 36-56.
[14] Leng, P., Song, X.N., Duan, S.B., Li, Z.L. (2016)
A practical algorithm for estimating surface soil
moisture using combined optical and thermal infrared data. International Journal of Applied
Earth Observation and Geoinformation, 52,338348.

In this study, we calculated three TVDIs (LSTEVI, LST-MSAVI, and LST-NDVI) using the Landsat 8 image. The primary objective of this study was
to evaluate correlations between the three TVDIs
and the in situ soil moisture, which was acquired by
the oven-drying method. A comparison of the three
TVDIs and the soil moisture at depths of 0-200 mm,
0-400 mm, 0-600 mm, 0-800 mm, and 0-1000 mm
on 04/09/2016 revealed that the three TVDIs are
more strongly related to the SM at 0-200 mm than
the other depths. Thus, the SSM can be derived from
the remote sensing data. A comparison of the correlations between the three TVDIs and the SM at a
depth of 0-200 mm revealed that the LST-EVI had
the strongest correlation with the SM among the
three TVDIs.
To validate the correlation between the three
TVDIs and the SSM at 0-200 mm depth, the remote
sensing data and the in situ SM data on 05/06/2014
were used. The relative error and the mean relative
error between the retrieval SM and the in situ SM
were calculated. The result also showed that the
three TVDIs can retrieve the SM at a depth of 0-200
mm and the LST-EVI had the strongest correlation
with the SM among the three TVDIs.
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MORPHOMETRIC VARIATION OF HOUSE SPARROW,
PASSER DOMESTICUS IN POLLUTED AND UNPOLLUTED
AREAS IN TURKEY
Tamer Albayrak*
Mehmet Akif Ersoy University, Arts and Science Faculty, Department of Biology, Lab of Ornithology, 15100, Burdur, Turkey

ABSTRACT
The House Sparrow (Passer domesticus) is
one of the successful animals in adapting themselves to an urban-life environment and broadly
distributed bird species in the world. We compared
three sparrow populations using morphological
parameters in Turkey: unpolluted areas, Antalya
(Ciglik village) and Burdur (Yazikoy village), and
Mugla (Yatagan) where is polluted by Yatagan
Thermal Power Plant. Fifteen morphometrically
characters of 131 caught birds from tree populations were compared on the basis of gender. The
stepwise discriminant analysis which classified
76.9% of the birds, retained 5 measurements allowing discriminating between populations: bill length,
8th primer, body mass, bill height, and wing length.
Wing, 8th primary, tail, and alula measurements of
gender were found significantly different by t-tests
(p < 0.05) for tree populations. Yatagan female is
quite different from the others by function 1 and
function 2 in canonical discriminant analyses. I
suggested that differentiations between populations
depend on ecological conditions of these areas and
also Yatagan populations may be affected by
Thermal Power Plant.

KEYWORDS
House sparrow, Passer domesticus, Polluted area, Morphometry, Yatagan Power Plant

INTRODUCTION
The house sparrow, Passer domesticus is one
of the most successful animals in adapting themselves to an urban-life environment and one of the
most broadly distributed bird species in the world
>1-3@. Sparrows distribute most of Europe and central Asia and introduced nearly all continents. Significant population structure occurred between
native and introduced house sparrow >4@. The speFLHV LV FDWHJRUL]HG DV D ³Least Concern´ E\ IUCN
>5@.
Control of accumulation of toxic substances in
ecosystems is a great value in the context of global

atmospheric pollution >6-10@. Birds are traditional
objects of biological monitoring in polluted ecosystems, especially in territories adjacent to pollution
stations >11-12@. Due to sparrows, common and
wide distribution, they are one of the ideal bio indicators >13@. As heavy metal pollution poses genuine
threats to the quality of environment and biodiversity >13-14@. Toxic and persistent, heavy metals are
introduced into the environment by natural and
anthropogenic processes mainly related to the burning of fossil fuels, industrial activities, and use of
various transportation emissions >15@. These contaminants exposure can have negative effects on
reproduction, egg hatchability, hatchling survivorship and across the food chain are most probably
with resultant health problems >16-18@. Mean tissue
concentrations of some metals to be significantly
higher in sparrows from the polluted area when
compared to tissues from the reference site >19@.
The aim of this study was to explore potential
population diversity and structure of house sparrow
at the morphometrically differentiation level in
polluted and unpolluted areas, south west of Anatolia. Only morphometrically data seems to be not
sufficient, but it is a good indicator for genetically
variation >20@ and the ecosystem of area >11@.

MATERIALS AND METHODS
We selected three different cities that were occupied by the species for collecting the morphometric data in Turkey: Antalya (Ciglik village, 200 m;
small village; CIG), Burdur (Yazikoy village, 900
m; open land near a ranch; BUR) and Mugla Yatagan (950 m; near city; YAT) (Fig. 1). Max distance
of the location was approximately 230 km from
Antalya to Yatagan. Yatagan was selected as polluted area due WR D WKHUPDO SRZHU SODQW ³<DWDJan
7KHUPDO 3RZHU 3ODQW´ (YTPP) which uses coal to
produce electric energy. Antalya and Burdur were
selected as unpolluted areas because they have not
power plant and factory causing pollution.
The bird survey was conducted between April
and December during 2008±2009. In total, 72 m (3
x 12 m, 2 x 10 m, and 2 x 8 m) of mist nets were set
for catching the 107 adults (13 males and 18 fe6857
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males in Yatagan, 24 males and 18 females in Burdur, 17 males and 17 females in Antalya) and 24
juveniles house sparrows.
Fifteen different morphometrically characters
were measured: body mass, wing, 8th primer, tail,
bill length (BL), bill width (BW), bill height (BH),
length of bill apex to head back (LBaHb), length of
nostril to bill apex (LNBa), alula, tarsus, 4 nails of
left leg of House Sparrow. Digital calipers and
balance were used to take measurements.
SPSS for windows 17.0 was used for statistical analysis >21@. Morphological data compared
were significant with a level of p <0.05 using one
way ANOVA, followed by post hoc Tukey HSD
multiple comparisons. The Tukey HSD test was
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used to determine which pairs of means differed
significantly. Stepwise discriminant analysis to
explore the level of morphological differentiation in
sparrow populations was performed. Differences in
morphometry between male and female of sparrows
were determined by independent samples t-tests.
Mean±SE in morphometric measurements are given.
Since our data set indiscriminately incorporates not only adult males and females but also
some juveniles, we suspected that size could be a
confusing factor in the discriminant analysis. We
thus focused on only adults in order to remove the
potential effect of size to avoid misinterpretation of
the results.

FIGURE 1
Location of the study sites. YAT=Yatagan, BUR=Burdur, CIG=Ciglik
TABLE 1
Descriptive statistic and ANOVA results of House Sparrow populations.

Body mass
Wing
8th primer
Tail
BL
BW
BH
LBaHb
LNBa
Alula
Tarsus
Back nail
Left nail
Middle nail
Inner nail

Burdur
Male
Female
28,23±0,43
26,36±0,28
81,22±0,48
78,17±0,44
61,83±0,33
59,67±0,18
60,30±0,44
58,39±0,38
11,52±0,15
11,32±0,17
7,31±0,08
7,02±0,07
7,61±0,05
7,55±0,09
31,59±0,17
31,31±0,18
9,37±0,10
9,38±0,08
21,26±0,30
20,39±0,20
20,32±0,14
19,96±0,14
5,44±0,08
5,45±0,11
3,16±0,07
3,14±0,09
4,07±0,08
3,92±0,10
3,09±0,08
3,03±0,08

Ciglik
Male
Female
23,39±0,61
25,44±0,71
78,82±0,58
76,00±0,53
60,24±0,41
58,20±0,39
58,29±0,54
56,33±0,52
13,36±0,15
13,12±0,17
7,51±0,08
7,43±0,11
7,69±0,06
7,80±0,06
31,98±0,17
31,95±0,20
10,15±0,10
10,20±0,13
21,06±0,33
20,47±0,32
20,01±0,27
19,82±0,32
5,25±0,11
5,16±0,09
3,01±0,07
3,09±0,07
4,09±0,12
4,25±0,11
3,09±0,11
2,99±0,08

<DWD÷DQ
Male
Female
23,76±0,80
22,51±0,92
77,82±1,04
75,38±0,73
58,82±0,76
55,88±0,58
56,18±0,94
53,44±0,66
13,31±0,23
13,18±0,18
7,27±0,13
7,62±0,06
8,08±0,06
8,05±0,08
32,10±0,22
31,97±0,13
10,23±0,16
9,87±0,12
20,55±0,49
19,88±0,50
19,49±0,36
19,75±0,22
5,67±0,21
5,65±0,15
3,39±0,15
3,51±0,13
4,58±0,21
4,55±0,18
3,35±0,14
3,47±0,12

ANOVA
test
F5,106 = 13,466*
F5,105 = 14,471*
F5,103 = 22,904*
F5,102 = 21,534*
F5,106 = 36,330*
F5,106 = 6,830*
F5,106 = 10,425*
F5,106 = 3,346*
F5,106 = 14,698*
F5,106 = 2,324**
n.s.
F5,105 = 3,048**
F5,104 = 5,616*
F5,105 = 5,332*
F5,105 = 4,803*

7KHYDOXHVDUHJLYHQDV³J´IRUERG\PDVVDQG³PP´IRUWKHRWKHUVUHVXOWVDUHJLYHQDVDPHDQ6(
* p < 0.001; ** p<0.05
TABLE 2
Summary of stepwise discriminant analysis
Step
1
2
3
4
5

Variable
BL
8th primer
Body mass
BH
Wing

:LONV¶Ȝ
0.36
0.17
0.12
0.10
0.08
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Sig.
<0.001
<0.001
<0.001
<0.001
<0.001
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FIGURE 2
Scatter plot of the canonical scores from the discriminant analysis
TABLE 3
Classification results for the discriminant analysis
Predicted Group Membership
Population
and Gender
BurM
BurF
CigM
CigF
YatM
YatF
Total
BurM
18 (75)
5 (20.8)
0
0
1 (4.2)
0
24 (100)
BurF
1 (5.6)
16 (88.9)
0
1 (5.6)
0
0
18 (100)
CigM
0
0
11 (64.7)
2 (11.8)
4 (23.5)
0
17 (100)
CigF
0
2 (12.5)
0
11 (68.8)
1 (6.3)
2 (12.5)
16 (100)
YatM
0
0
2 (16.7)
0
9 (75)
1 (8.3)
12 (100)
YatF
0
0
0
0
2 (11.8)
15 (88.2)
17 (100)
76.9% of selected original grouped cases are correctly classified: BurM ± Burdur male, BurF ± Burdur female,
CigM ± Ciglik male, CigF ± Ciglik female, YatM ± Yatagan male, YatF ± Yatagan female.

RESULTS AND DISCUSSION
Detailed morphometrically measurements of
House Sparrow are given in Table 1. Although all
morphological measurements without tarsus statistically differences were found between groups
(ANOVA, p < 0.001, Table 1), the stepwise discriminant analysis retained 5 measurements allowing
discriminating between populations: BL, 8th primer, body mass, BH, and wing length (Table 2).
The discriminant analysis correctly classified 80 of
the 104 birds or 76.9% (Table 3). Fig. 2 demonstrates that the Yatagan female is quite different
from the others by function 1 and function 2. Yatagan females differ significantly in body mass, 8th
primary, tail, left nail, and inner nail from the Ciglik and Burdur females according to post hoc Tukey
HSD tests (ANOVA, p < 0.001). Yatagan females
were the lightest body mass, shortest 8th primary,
and tail, longest left and inner nails within these
groups (ANOVA, Tukey HSD, p < 0.001, Table 1).
Heaviest and biggest house sparrows were found in
Burdur (p < 0.001, Table 1). The populations, Burdur, is also quite different than the other populations (Fig 2). Yatagan male and Ciglik male and
female house sparrows are quite mixed according to
canonical discriminant analyses (Fig 2).

According to t- test between gender wing (ttest = 5.21, p < 0.01), 8th primary (t-test = 5.33, p <
0.01), tail (t-test = 4.42, p < 0.01), and alula (t-test
= 2.48, p < 0.05) differentiations were found to be
significant for total tree populations. In Burdur;
body mass, wing, 8th primary, tail, BW, and alula,
in Ciglik; body mass, wing, 8th primary, and tail, in
Yatagan; 8th primary, tail, BW, LNBa were found
to be significantly different between female and
male by independent samples t-tests (p < 0.05).
Study results showed that morphologically
differentiations between selected populations, despite short geographical distance and different ecological conditions, are occurred. Yatagan Thermal
Power Plant gives off SO2, NOx and heavy metals
also radioactive contaminants such as uranium (U),
thorium (Th) and potassium (K) >22-23@. Albayrak
and Mor >19@ found that tissue concentration of
some heavy metals to be significantly higher in
house sparrows from Yatagan, polluted area, when
compared to tissue from reference site, Antalya. In
liver mean concentration of Cu and Zn and in muscle mean concentration of Cu were significantly
higher in house sparrows from the polluted area.
Mercury pollution also occurs in Yatagan, it
has pollutant effect living organism >12, 24-25@ like
drying of Pinus brutia in Bencik Mountain >26@.
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Pollution and heavy metals affect quality and health
of birds >11, 27@. YatagDQ¶ VSDUURZV OLYHG QHDU
pollutants were the lowest body mass. Lebedeva
>11@ was found a negative correlation between body
mass and lead concentration. The body mass of the
females in the polluted area is lighter than the other
non-polluted areas >28@. Differentiation of Yatagan
female sparrows could be caused by YTPP pollution. Trace metal concentration in the liver and
feather, there were significant gender related differences in the small passer birds, Parus major and
Carduelis sinica >13@. Heavy metals excreted to
eggs are the result of both stored body burdens and
food choice of the female during egg formation
>14@.
A reason for the differentiations of Yatagan
female sparrows may be affected by the waste of
Yatagan Thermal Power Plant. Albayrak and Mor
>19@ show that some heavy metals of tissues of
house sparrows significantly higher in Yatagan
compered the reference site, Antalya. Present findLQJVUHJDUGLQJWKHSRSXODWLRQ¶VGLIIHUHQWLDWLRQVPD\
be the ecological condition of the polluted and
unpolluted areas. This study has not fully answered
the question why House Sparrows exhibit some
morphological differentiation in southeast Turkey.
Our result agreed with the already observed pattern
of ecological differentiations. The relationship
between heavy metals and morphometric parameters can provide more information about the hypothesis and can also assess the relationship among
subpopulations.

CONCLUSION
Morphometrically differentiations of house
sparrow which classified 76.9% of the birds discriminating between populations by the stepwise
discriminant analysis, were found in polluted and
unpolluted areas, the south west region of Turkey.
Especially Yatagan female is quite different from
the others. It was suggested that differentiations
depend on ecological conditions of these areas.
Yatagan populations may be affected by Yatagan
Thermal Power Plant.
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EFFECTS OF OXYGEN ENRICHMENT NUTRIENT
SOLUTION WITH DIFFERENT OXYGEN SOURCES ON
SOILLESS GROWN TOMATO
Golgen Bahar Oztekin*
Ege University, Faculty of Agriculture, Department of Horticulture, 35100 Bornova, Izmir, Turkey

bient air in a gas form [2]. However, plants need oxygen for respiration. Plants use dissolved oxygen or
gas form of atmospheric oxygen. Oxygen should be
in dissolved form to be up taken by the roots [3].
Oxygen dissolution in water depends on water
temperature, relative pressure of oxygen, atmospheric pressure, water salinity and water surface area
exposed to air. Under normal conditions (20ºC, 1
atm. pressure), dissolved oxygen concentration is
maximum 9 ppm. Such a value decreases with increasing temperature and salinity. ,QWKLVFDVH³hypoxia´(oxygen insufficiency) is experienced when
oxygen is not supplied to rhizosphere DQG³DQR[LD´
is experienced when anoxic conditions are dominant
[4].
There are several experiments conducted about
the effects of hypoxia on plants and they reported
that hypoxia resulted in morphological and structural
changes in plants, chlorosis, shortened internodes,
recessed growth, reduced root respiration and permeability, root deaths, reduced water and nutrient
uptakes, reduced yields, destroyed hormonal balance, reduced photosynthesis and plant development
and ultimately various physiological-metabolic
changes in plants [3,4,5,6,]. Plant roots tend to
changes in some biochemical and metabolic processes for adaptation to hypoxia conditions; they initially pass from aerobic respiration to anaerobic respiration. Respiration is totally hindered under anoxia
conditions [7]. It was also considered that hypoxia in
the root region made plants more sensitive to some
diseases like Phytium [8].
Oxygen is definitely supplied in hydroponic
cultures of soilless agriculture. However, majority of
growth mediums used in soilless culture are porous
and thus contain optimum amounts of oxygen.
Therefore, anoxia is not experienced in porous
growth mediums and nutrient solutions are externally enriched in oxygen [9]. A majority of previous
studies indicated that oxygen content of drainage solution in soilless culture was greater than the specified limit values (>3 mg/L for nutrient solution [10];
3-4 mg/L for tomato [11]; 2.7 mg/L for cucumber
[12]). However in summer months with quite high
temperatures and oxygen transfer capacity of water
in greenhouses, high respiration rates, insufficient
and more frequent water applications may aggravate

ABSTRACT
In summer time when the temperature is high
in greenhouse and the water's oxygen transport capacity is low, oxygen deficiency problem could be
encountered due to high root and microorganism respiration rate, inadequate and frequent water application. Oxygen enrichment of nutrient solution may
have an important role in terms of plant growing in
order to solve this problem. In the present study, it
was aimed to determine the effects of oxygen enrichment (oxyfertigation) of the tomato nutrient solution
with 2 different oxygen sources (pure oxygen with a
pressurized oxygen tube and aeration with compressor) on plant growth, yield, fruit quality, water and
nutrient use. The data obtained from autumn and
spring periods showed that the application of oxyfertigation increased the root biomass in particular and
did not cause any significant difference on other
measured parameters. Yield, quality, plant growth,
water consumption, nutrient content were affected
by the growing periods, and the parameters in question were higher in spring. It was concluded that
among the evaluated oxygen sources -, aeration with
compressor giving air bubbles to the nutrient solution could be a preferable application since it is economical and more practical than pure oxygen application with oxygen tube.

KEYWORDS:
Solanum lycopersicum, oxyfertigation, pure oxygen, compressor, aeration.

INTRODUCTION
Nutrient solutions are used in soilless culture to
meet water and nutrient requirements of the plants
[1]. Therefore, plant nutrition is the most significant
issue in soilless cultural practices.
Plants uptake majority of macro and micro nutrients they need through their roots from the root
growth medium. In nutrient solution recipes of soilless culture, C, H and O fertilization do not exist
since they are assumed to be supplied from the am-
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identified by using different oxygen sources. Insufficient numbers of studies on tomato and growth mediums increases the significance of this study. Potential outcomes of the present study are expected to
guide future researchers and producers dealing with
soilless culture in practice.

oxygen deficiency problems [13, 14]. High temperatures increase respiration rates of roots and microorganisms and thus increase biological oxygen consumption [15]. Therefore, enrichment of nutrient solution in oxygen is a significant issue for optimum
plant culture. In previous studies about soilless culture, effects of aeration of nutrient solution on plant
and root development of rose [16], tomato [17], cucumber [18] and lettuce [19] were reported. Oxygen
enrichment of nutrient solution provides resistance
to diseases [8], enhances root development [16]
thereby enhancing water consumption; this may reduce the amount of pesticides used and provide an
effective use of water, an important issue nowadays.
In this regard, this application is an ecological and
sustainable approach for both conventional and organic farming.
There are several methods developed for oxygen enrichment of root regions [20, 21, 22]. For instance, mechanical mixing of nutrient solution or
aeration of nutrient solutions through bubbling are
used to enrich nutrient solutions in oxygen. These
methods are quite practical when there are low evapotranspiration and root respiration levels and there
are some quantities of dissolved oxygen in irrigation
water. However, the information on effects of aeration, application of oxygen-enriched solution and ergonomic effects of enriched oxygen are quite limited
in literature [21].
There are also quite limited number of studies
about oxygen enrichment of nutrient solutions
through ozone treatments [23] and chemical (K2O2)
treatments [22]. However, system installation for
ozone treatment is quite difficult and costly; chemicals interact with other elements of nutrient solutions. Thus, such difficulties limit the practical use
of these methods for oxygen enrichment of nutrient
solutions.
Pure and pressurized oxygen gas treatments are
the most common method employed in oxygen enrichment of nutrient solutions [24]. The method, also
called ³R[\IHUWLJDWLRQ´ by Marfa et al. [21], is commonly used in various parts of world, especially in
Spain to enrich oxygen content of rhizosphere in
soilless culture practiced in commercial vegetable
greenhouses. Fertigation equipment is used in the
system to increase dissolved oxygen concentration
of irrigation water and oxygen-enriched nutrient solution is then applied to plants.
Generally conflicting results were reported
from the studies carried out with oxygen-enriched
nutrient solutions in substrate culture of Mediterranean greenhouses [14, 22, 25, 26]. The present study
was conducted to investigate the effects of oxygen
enrichments through pure oxygen (with a pressure
tube) and aeration (with a compressor) on plant
growth, yield, fruit quality, water and nutrient use of
tomato, the mostly grown vegetable in greenhouses.
Efficient method for oxygen enrichment will be

MATERIALS AND METHOD
Experiments were conducted in PE-covered
greenhouses of Ege University Agricultural Faculty
+RUWLFXOWXUH
'HSDUWPHQW
ƕ¶¶¶1
ƕ¶¶¶( %RUQRYD-ø]PLU7XUNH\  LQ VSULQJ
and autumn growing seasons of 2014 and 2015.
³ùLPúHN)1´ $[LD6HHG&R$QWDO\D7XUNH\ 
tomato cultivar was used as the plant material of the
study. Seedlings were supplied from a commercial
seedling company (Antalya Fide, Antalya/Turkey).
Super-size A13-W\SH SHUOLWH ø]SHU 3HUOLWe Facilities, dL÷OL-ø]PLU7Xrkey) growing medium was
used in open-system soilless culture. A total of 18
liters growth medium (as to have 6 liters per plant)
was placed in horizontal plastic pots.
Seedlings were planted as to have 3 plants per
pot on 28.02.2014 in spring and on 28.08.2014 in autumn. Nutrient solution was applied to plants 2 days
after planting. The recipe specified by Day [27] was
used in plant nutrition: (mg/L) N:210, P:40, K:250,
Ca:150, Mg: 50, Fe:2, Zn:0.50, Mn:0.75, B:0.4,
Cu:0.10, Mo:0.05. The pH of prepared nutrient solution was adjusted to be between 5.5-6.5 and electrical conductivity (EC) between 2.0-2.5 dS/m.
Drip irrigation (with 2.4 L/h, on-line pressure
regulated drippers) was used to apply nutrient solution to plant root zones; flow meters were used to
determine the applied quantities. Drain holes were
provided at the bottom of the pots to drain excess nutrient solution. Nutrient solutions were drained to
separate tanks for each treatment and the amount was
determined through pumping with submerged pump
equipped with a flow meter. Drainage effluent was
removed from the greenhouse. Samples were taken
from the main and drainage tanks three times in a
week and pH and EC of samples were measured with
a pH (Mettler Toledo, Seven Easy) and EC meter
(Mettler Toledo, MC-126). EC values of drainage effluent in spring period for 16 weeks varied between
1.25-5.23 (with an average value of 3.00) dS/m in
control treatments, between 1.43-4.52 (with an average value of 3.10) dS/m in pure oxygen treatments
and between 1.33-4.52 (with an average value of
2.86) dS/m in aeration treatments; the value in autumn period for 19 weeks varied between 1.55-3.79
(with an average value of 2.47) dS/m in control treatments, between 1.76-3.76 (with an average value of
2.55) dS/m in pure oxygen treatments and between
1.53-3.73 (with an average value of 2.41) dS/m in
aeration treatments. While there was nothing done to

6863

© by PSP

Volume 26 ± No. 11/2017 pages 6862-6872

Fresenius Environmental Bulletin

Based on input set values (7-15 mg/L), oxygen flow
was supplied from the tube or air was supplied from
the compressor when the oxygen level went below
the set value. Gas supply was terminated when the
oxygen level was above the set value. In manual records, oxygen content of nutrient solution varied between 3.5 - 5.4 (with an average value of 3.7) mg/L
in control treatments; between 8.6-10.4 (with an average value of 9.3) mg/L in aeration treatments; between 9.5-11.1 (with an average value of 10.1) mg/L
in pure oxygen treatments.
Greenhouse indoor temperature, relative humidity and solar radiation values were measured
throughout the experiments with Delta T brand RHt2
(temperature + humidity) and GS (global radiation)
sensors. In spring period, temperatures varied between 4.4 - 44.8 °C (with an average value of
25.7°C), relative humidity values varied between
22.2 ± 100% (with an average value of 67.2%) and
solar radiation values varied between 37.7 - 121.4
MJ/m2/day (with an average value of 85.9
MJ/m2/day). In autumn period, temperatures varied
between 1.8 - 49.5 (with an average value of
24.3°C), relative humidity values varied between
13.6 ± 100% (with an average value of 68.9%) and
solar radiation values varied between 20.8 - 80.2
MJ/m2/day (with an average value of 45.9
MJ/m2/day).
Plant care practices were performed in accordance with <ÕOPD]et al. [29]; bumble bees were used
to facilitate pollination (Koppert Co., Antalya/Turkey). Plant growth was terminated from the 7th cluster on 19.06.2014 in spring and on 05.01.2015 in autumn.
At the end of growing period, 4 plants were removed from each treatment and plant biomass (root,
shoot and fruit fresh and dry weights, g/plant) values
were determined. In spring period, harvests started
on 12.05.2014 and lasted until 19.06.2014 (10 harvests were performed). In autumn period, harvests
started on 27.10.2014 and lasted until 05.01.2015 (9
harvests were performed). Total yield (kg/m2) was
determined from the harvested fruits. Unmarketable
(fruits with a diameter of less than 3.5 cm) and damaged ones (with blossom-end rot, physiological disorders) were deducted from total yield to get marketable yields (kg/m2). Harvested fruits were counted
and weighed to get total number of fruits per m2 and
average fruit weight per m2. Fruits were also classified based on fruit diameters and number of fruits for
each size class was determined. Four size classes
were considered; 4th size (unmarketable, Ø<3.5 cm),
3rd size (small-size, 3.5-4.5 cm), 2nd size (mediumsize, 4.5-5.5 cm) and 1st size (large-size, Ø >5.5 cm).
Number of fruits in each size class was divided by
total number of fruits to get percentage of relevant
size class.
Leaf samples were taken in the middle of growing season from 3-5th leaves from the top. Samples
were dried at 65-70 °C and ground to make them

reduce increasing EC values, 1 N nitric acid (HNO3)
was used to balance pH values.
Time of nutrient solution application was determined based on cumulative solar radiation value of
1 MJ/m2 within the greenhouse. Amount of applied
nutrient solution was determined based on observations made at drainage outlets, the ratio of
drained/applied nutrient solution was adjusted about
20-40% daily [28]. For this purpose, irrigation durations were adjusted weekly based on plant development stage, growth period and climate conditions
and irrigations were performed through a control
panel (Yarden Super 8).
Experiments were conducted in randomized
plots design with 2 factors and 3 replications.
³*URZth seasons´DQG³R[\JHQVRXUFHs´FRQVWLWXWHG
experimental treatments (factors). Oxygen sources
of spring and autumn treatments were composed of
³3XUH2[\JHQ´ (99.5% pure oxygen was supplied to
nutrient solution from a pressurized oxygen tube)
and ³$HUDWLRQ´ (air supply to nutrient solution with
a compressor). The nutrient solution without oxyfertigation constituted the ³&RQWURO´ treatment. Experiments were conducted as to have 3.48 plants per m2
(1.15 x 0.25 m), 18 plants in each replication and 54
plants in each treatment.
The pressurized oxygen tube contains 40 liters
oxygen at 105 bar pressure. To supply oxygen flow
from the tube to nutrient solution, a manometer (REVA brand, Cl 2.5 Pakkens model) and an electricitysupplied solenoid valve (TORK brand, 50075
model) were used. Gas flow was supplied at 3 bar
pressure. The electricity cable connected to solenoid
valve with a timer able to adjust gas flow was connected to electricity network. A pipe-type diffuser
was used to supply pure oxygen to nutrient solution
in tiny bubbles. The diffuser was cleaned from time
to time with a brush to prevent clogging throughout
the growing season.
An air compressor (HAILEA brand, ACO-009
model, 102 W power, 110 L/min output, >0.035 Mpa
pressure) was used to supply oxygen in bubbles.
Compressor was also equipped with a timer able to
adjust oxygen supply durations. To diffuse oxygen
into nutrient solution in large bubbles, a circular airstone (20 cm in diameter and 20 L/min capacity)
commonly used in fisheries was used.
To adjust oxygen supply quantities, an oxygen
meter (OXYGUARD, Oxy C-DO II model) able to
operate in a range of 0-40 mg/L and a rubber-coated
probe were used. Oxygen meter was installed to
main nutrient tanks and the probe was kept continuously inside the nutrient solution.
The oxygen supply both through oxygen tube
and compressor was controlled with a timer
(THEBEN brand, Eltimo 020 S DCF model). The
system started operation 30 minutes before irrigations and oxygen and air supplied to nutrient solution
were based on relevant treatment. The system was
stopped automatically 5 minutes after irrigations.
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P01). Results in figures were presented as mean
± standard errors.

ready for analyses. Leaf nitrogen content was determined with Kjeldahl method [30]; phosphorus content was determined through wet-digestion in HNO3:
HClO4 (4:1, v/v) and resultant extract was analyzed
with P vanadomolibdo phosphoric yellow color
method [31]; K, Ca and Na contents were determined with flame photometer; Mg, Fe, Zn, Cu and
Mn contents were determined with an Atomic Absorption Spectrophotometer [32].
In both periods, ripened fruits were harvested
from the 3rd cluster and 10 fruits with homogeneous
color development were selected from the 1st (largesize: Ø >5.5 cm) and the 2nd (medium-size: 4.5-5.5
cm) size class. They were brought to the laboratory
and they were subjected to fruit color [33], fruit flesh
firmness, dry weight, fruit juice EC and pH, titratable acidity, total solube solids, dry matter and vitamin C content [34] analyses on 13.06.2011 in spring
and on 27.12.2010 in autumn.
Drainage effluents from each treatment were
collected in separate tanks throughout the growing
season. Effluent volumes were measured in 3 days
of the week and plant water consumptions were calculated. Water budget method was used to determine
actual plant water consumptions (liter/plant/day)
[35]. Water use efficiency was calculated by dividing unit area total yield with amount of applied irrigation water (IWUE) and consumed water (WUE)
by the plants in that unit area [36, 37].
Resultant data were subjected to variance analysis with SPSS (version16.0) VRIWZDUH 'XQFDQ¶V
multiple range test was used to compare treatment
means. F test results were presented as ns (non-significant, P  * (significant at 5% level,
0.01<P) and ** (significant at 1% level,

RESULTS
Plant growth. While growing periods had significant effects on biomass values except for shoot
fresh weight, oxyfertigation treatments had significant effects only on root fresh and dry weights. Period x oxyfertigation interactions also had significant
effects on all biomass values except for shoot fresh
weights (Table 1).
Plants had higher root, shoot and fruit fresh and
dry weights and dry weight percentages in spring period than in autumn period. The increase in fresh
weights, dry weights and dry weight percentages
were respectively observed as 42.7, 160.7 and 81.2%
for roots; as 18.4, 61.3 and 36.9% for fruits and as
2.7, 73.5 and 68.4% for shoots (Table 1).
Aeration with a compressor increased root
fresh and dry weights. Despite insignificant differences, the greatest biomass values were obtained
from the plants fed with aerated nutrient solution,
they were followed by pure oxygen-treated plants
and the lowest values were obtained from the control
plants without oxyfertigation treatments (Table 1).
Effects of period x oxyfertigation interactions
on biomass values were found to be significant because of periodic differences. In spring period, aerated plants had the greatest biomass values, they
were followed by pure oxygen-treated plants and the
lowest values were obtained from the control plants.
A similar case was observed in autumn period (Table
1).

TABLE 1
Main and interaction effects of growing period and oxyfertigation treatments on plant biomass
Growing
Periods

Oxyfertigation
Treatments

Spring
Autumn

Spring

Autumn

Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation

Periods
Treatments
Periods x Treatments

Fresh
weight
(g)
96.88 a
67.90 b
65.06 b
75.86 ab
106.24 a
71.08 ab
86.99 ab
132.56 a
59.03 b
64.74 b
79.93 b
**
*
*

Root
Dry
weight
(g)
9.02 a
3.46 b
4.63 b
5.64 b
8.45 a
6.26 bc
8.02 ab
12.78 a
3.00 c
3.26 bc
4.12 bc
**
**
*

Dry
matter
(%)
9.2 a
5.1 b
6.9
7.1
7.4
8.8 a
9.2 a
9.7 a
5.1 b
5.0 b
5.1 b
**
ns
*

Fresh
weight
(g)
4012.0 a
3388.4 b
3684.3
3644.7
3771.7
3976.0 ab
3977.3 ab
4082.7 a
3392.7 ab
3312.0 b
3460.7 ab
*
ns
*

Fruit
Dry
weight
(g)
244.89 a
151.79 b
191.72
191.49
211.81
228.15 a
237.75 a
268.76 a
155.29 b
145.23 b
154.86 b
**
ns
*

Dry
matter
(%)
6.1 a
4.5 b
5.2
5.2
5.5
5.8 a
6.0 a
6.6 a
4.6 b
4.4 b
4.5 b
**
ns
*

Fresh
weight
(g)
694.70
676.44
674.29
640.96
741.46
638.79
673.15
772.15
709.79
608.78
710.76
ns
ns
ns

Shoot
Dry
weight
(g)
114.94 a
66.25 b
85.69
86.71
99.71
102.96 ab
112.36 a
129.50 a
68.43 bc
61.06 c
69.27 bc
**
ns
*

Dry
matter
(%)
16.5 a
9.8 b
12.8
13.3
13.3
16.1 a
16.7 a
16.8 a
9.6 c
10.0 b
9.7 c
**
ns
*

ns: nonsignificant, *: significant at 0.01<P VLJQLILFDQWDWP0HDQVZLWKLQDFROXPQIROORZHGE\
WKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDFFRUGLQJWR'XQFDQ¶PXOWLSOHUDQJHWHVW
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TABLE 2
Main and interaction effects of growing period and oxyfertigation treatments on yield parameters
Growing
Periods

Oxyfertigation
Treatments

Spring
Autumn

Spring

Autumn

Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation

Periods
Treatments
Periods x Treatments

Total
yield
(kg/m2)
14.19 a
11.53 b
12.44
12.93
13.22
13.99 abc
14.08 ab
14.51 a
10.89 d
11.78 cd
11.93 bcd
**
ns
**

Marketable
yield
(kg/m2)
13.98 a
11.28 b
12.17
12.73
12.99
13.77 ab
13.92 ab
14.25 a
10.57 b
11.53 ab
11.73 ab
**
ns
**

Total fruit
number
(no/m2)
133.0 a
94.3 b
111.5
116.5
113.0
134.1 a
133.3 ab
131.7 ab
88.9 c
99.7 bc
94.4 c
**
ns
**

Mean fruit
weight
(g)
106.8 b
122.6 a
113.3
112.3
118.4
104.3 b
105.7 b
110.4 ab
122.3 a
118.9 ab
126.4 a
**
ns
**

Fruit size (%)
<3.5

3.5-4.5

4.5-5.5

> 5.5

6.82
4.43
6.58
5.13
5.17
6.62
7.59
6.25
3.63
5.57
4.10
ns
ns
ns

8.79
8.43
7.76
9.53
8.55
7.97
9.91
8.50
7.55
9.15
8.61
ns
ns
ns

13.04
14.13
12.93
17.73
13.09
14.10
11.76
13.26
11.77
17.72
12.91
ns
ns
ns

71.35
73.00
74.18
69.15
73.19
71.31
70.74
71.99
77.06
67.56
74.39
ns
ns
ns

ns: nonsignificant, *: significant at 0.01<P VLJQLILFDQWDWP0HDQVZLWKLQDFROXPQfollowed by
WKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDFFRUGLQJWR'XQFDQ¶PXOWLSOHUDQJHWHVW
TABLE 3
Main and interaction effects of growing period and oxyfertigation treatments on some fruit quality
parameters
Growing
Periods

Oxyfertigation
Treatments

Spring
Autumn

Spring

Autumn

Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation
Control
Pure Oxygen
Airation

Periods
Treatments
Periods x Treatments

Dry
matter
(%)

Firmness
(N)

EC
(dS/m)

pH

6.23 a
4.47 b
5.37
5.35
5.34
6.17 a
6.31 a
6.21 a
4.57 b
4.38 b
4.47 b
**
ns
*

49.55 a
44.65 b
44.27 b
48.52 a
48.50 a
48.51 a
50.67 a
49.47 a
40.03 b
46.38 a
47.53 a
**
**
*

4.97
5.03
4.98
4.95
5.06
4.77
4.98
5.15
5.20
4.92
4.97
ns
ns
ns

4.62
4.62
4.64
4.58
4.63
4.62
4.61
4.62
4.66
4.55
4.65
ns
ns
ns

Titratable
acidity
(mval
/100 ml)
6.36
6.04
6.35
6.19
6.05
6.27
6.32
6.50
6.44
6.06
5.60
ns
ns
ns

Total
solube
solids
(%)
5.12 a
3.60 b
4.48
4.28
4.31
5.30 a
5.07 a
5.00 a
3.67 b
3.50 b
3.63 b
**
ns
*

Colour
L

a*

b*

40.28 b
43.12 a
41.85
41.67
41.61
40.21 b
40.21 b
40.43 b
43.44 a
43.13 a
42.78 a
**
ns
*

25.71 a
20.87 b
23.97
23.44
22.455
26.12 a
26.21 a
24.80 ab
21.83 bc
20.67 c
20.11 c
**
ns
*

27.92
27.46
28.22
27.55
27.28
27.90
27.77
28.08
28.55
27.34
26.49
ns
ns
ns

Vitamin
C
(mg/100
ml)
15.35 a
12.11 b
13.28
14.36
13.55
15.53 ab
16.08 a
14.45 ab
11.04 c
12.64 bc
12.65 bc
**
ns
*

ns: nonsignificant, *: significant at 0.01<P VLJQLILFDQWDWP0HDQVZLWKLQDFROXPQIROORZHGE\
the same letter are QRWVLJQLILFDQWO\GLIIHUHQWDFFRUGLQJWR'XQFDQ¶PXOWLSOHUDQJHWHVW

Period x oxyfertigation interactions had significant effects on total and marketable yields, total
number of fruits and average fruit weights, but the
effects of interactions on fruit size classes were not
found to be significant. Significant effects of interactions were because of differences in yields of
growing periods and greater values were observed in
spring period. The greatest yield was obtained from
spring x aeration interactions and the lowest yield
was obtained from autumn x control interactions
(Table 2).

Yield. Growing periods had significant effects
on total and marketable yields, total number of fruits
and average fruit weights, but the effects of periods
on fruit size classes were not found to be significant.
As compared to autumn period, total yield increased
by 23.1%, marketable yield increased by 23.9%, total number of fruits increased by 41.0% and average
fruit weight decreased by 12.9% in spring period.
Fruit weights decreased, but number of fruits increased in spring period (Table 2).
Oxyfertigation treatments did not have significant effects on all yield parameters. The differences
in yield parameters of treatments were not significant. The plants grown in aerated nutrient solution
had higher total yield values than the other plants
(Table 2).

Fruit quality. Growth periods did not have significant effects on fruit juice EC and pH values, titratable acidity and b (color parameter) values. Better quality values were observed in spring period,
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than oxygen-enriched plants. With regard to interactions, Cu contents of autumn x pure oxygen interactions and Mn contents of autumn x pure oxygen and
spring x aeration interactions were significantly
lower than the other plants (Table 4).

spring fruits were harder, tastier, redder and richer in
vitamin C. As compared to autumn period, dry
weights increased by 39.4%, fruit firmness increased
by 11.0%, water soluble dry matter content increased
by 42.2%, color a value increased by 23.2%, vitamin
C content increased by 26.8%, nitrate content increased by 18.8%, but L value decreased by 6.6% in
spring period (Table 3).
Oxyfertigation treatments had significant
effects only on fruit firmness. Firmness values were
influenced by oxygen treatments and harder fruits
were obtained from these treatments than the control
treatments (Table 3).
Similar to plant growth and yield parameters,
period x oxyfertigation interactions had significant
effects on dry weight, fruit firmness, water soluble
dry matter content, L color value, vitamin C content
and nitrate content just because of periodic differences in these parameters. Oxyfertigation treatments
yielded higher values for these parameters in spring
period. Only fruit brightness values were more influenced by oxygen treatments in autumn (Table 3).

Plant water consumption. Throughout the
growing season in pure oxygen, aeration and control
treatments, respectively 141.5, 140,1 and 138.9
L/plant water were applied in spring and 111.2,
109.2 and 109.8 L/plant water were applied in autumn period. Although the applied water quantities
were quite close to each other in different periods,
the amounts applied in spring were about 27% higher
than the amounts applied in autumn period.
Seasonal plant water consumptions of the treatments are presented in Figure 1. A similar trend was
observed in plant water consumptions with applied
irrigation water quantities. The values were measured as between 101.8-104.2 L/plant in spring period
and as between 71.9-74.9 L/plant in autumn period.
Plant water consumptions in spring period were
about 41.0% higher than the values in autumn period. Despite insignificant differences in plant water
consumptions of the periods, the greatest values
were obtained from aeration of spring and pure oxygen treatments of autumn period.
The leaching fractions calculated based on irrigation water and drainage effluent quantities were
respectively calculated as 26 and 34% in spring and
autumn period.

Plant nutrients. The analyses for leaf N, P, K,
Ca, Mg, Na, Fe, Cu, Mn and Zn contents revealed
that periods had significant effects only on Cu contents; oxyfertigation treatments had significant effects only on Mn contents; period x oxyfertigation
interactions had significant effects only on Cu and
Mn contents. As compared to autumn period, leaf Cu
contents increased by 10.3% in spring period. Mn
contents of control plants were about 13.8% higher

TABLE 4
Nutrients content of young leaves
K
Ca
Mg
Na
Fe
Cu
Mn
Zn
(%)
(mg/kg)
3.67 0.59 5.13 1.97 0.46 825.9 65.44 8.24 a
124.7
33.78
3.65 0.57 5.09 1.97 0.46 789.3 63.94 7.47 b
130.1
34.00
Control
3.75 0.61 5.07 2.10 0.46 827.6 62.97
8.53
138.6 a 36.92
Pure Oxygen
3.61 0.55 5.11 2.01 0.45 760.7 64.73
7.50
121.1 b 32.05
Airation
3.63 0.58 5.16 1.80 0.47 834.7 66.38
7.53
122.6 b 32.70
Control
3.75 0.63 5.06 2.13 0.46 839.2 63.23 8.73 a 135.7 a 36.63
Spring
Pure Oxygen
3.70 0.59 4.93 1.95 0.43 769.3 67.13 8.77 a 133.2 a 33.40
Airation
3.55 0.56 5.41 1.82 0.49 869.5 65.97 7.23 ab 105.3 b 31.30
Control
3.75 0.59 5.07 2.06 0.47 816.0 62.70 8.33 ab 141.5 a 37.20
Pure Oxygen
3.51 0.51 5.30 2.06 0.46 752.0 62.33 6.23 b 108.9 b 30.70
Autumn
Airation
3.70 0.60 4.91 1.79 0.44 800.0 66.80 7.83 ab 139.8 a 34.10
Periods
ns
ns
ns
ns
ns
ns
ns
*
ns
ns
Treatments
ns
ns
ns
ns
ns
ns
ns
ns
**
ns
Periods x Treatments
ns
ns
ns
ns
ns
ns
ns
*
**
ns
ns: nonsignificant, *: significant at 0.01<P VLJQLILFDQWDWP0HDQVZLWKLQDFROXPQfollowed by
WKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDFFRUGLQJWR'XQFDQ¶PXOWLSOHUDQJHWHVW
Growing
Periods
Spring
Autumn

Oxyfertigation
Treatments

N

P
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Autumn

water consumption (L/plant)

120
104,2
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FIGURE 1
Seasonal water consumption of treatments
TABLE 5
Water use efficiency values according to total and marketable yield values in both growing periods.
Treatments
Total Yield
Marketable
Yield

IWUE
WUE
IWUE
WUE

Pure Oxygen
28.60
38.82
28.28
38.38

Spring
Airation
29.77
40.50
29.24
39.78

Control
28.95
39.50
28.49
38.88

Pure Oxygen
30.43
46.34
29.79
41.58

Autumn
Airation
31.39
46.34
30.86
44.79

Control
28.50
43.52
27.66
46.88

IWUE and WUE refers to water use efficiency calculated applied irrigation water and water consumption, respectively
were better in spring period and compressor aeration
treatments improved plant growth. Plant biomass
(root, fruit, shoot fresh and dry weights) were influenced by growing periods and plant growth was
faster in spring period. Oxygen sources also significantly influenced root development. Similar results
were reported by Cherif et al. [8] for tomato and by
Soffer and Burger [38] for benjamin and krizantem
scions; high oxygen doses increased root and shoot
lengths. Period x oxygen interactions significantly
influenced all plant growth parameters, except for
shoot fresh weights. Interactions revealed that oxygen treatments influenced plant growth in both periods, oxyfertigation treatments increased plant biomass as compared to control treatments and the best
results were obtained from aeration treatments. It
was reported in previous studies that aeration of nutrient solutions (oxyfertigation) improved plant and
root development in soilless culture [16, 17, 18, 19].
In another study carried out in hydroponic culture,
three different dissolved oxygen doses were applied
to lettuce plants and high doses (7.7-8.6 mg/L) had
positive impacts on plant growth and yielded longer
roots, and longer and greater numbers of leaves [39].
Present findings agree with all those earlier findings.

Water use efficiency (WUE). Water use efficiency calculated with applied irrigation water
(IWUE) and water consumption (WUE) values according to total and marketable yield values are provided in Table 5. IWUE and WUE values in spring
season were significantly different because of differences in drainage effluent quantities. In this season
WUE values were 1.46 times higher than IWUE values. Similar differences were also observed in autumn period and again WUE values were 1.36 times
higher than IWUE values.
Since total yields were quite close to marketable yields, WUE values calculated with total and
marketable yields were also quite close each other.
WUE values of pure oxygen and aeration treatments
were higher than the WUE values of control treatments. WUE values of oxyfertigation treatments
were not significantly different in growing periods.

DISCUSSION AND CONCLUSION
Present findings on plant growth revealed that
plant heights and stem diameters were not influenced
by different oxygen sources, there were not significant differences, but plant growth and development
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(K2O2) supplementation to nutrient solution did not
result in significant differences in fruit quality parameters (brix, dry matter and firmness) of pepper
(grown in perlite culture), melon and cucumber
(grown in stone wool culture) [22]. Present findings
revealed that oxygen sources did not have significant
effects on fruit quality, but as it was in yield and
plant growth, fruit quality was influenced by growing periods.
Bonachela et al. [40] carried out a greenhouse
study in rockwool culture in spring and autumn
growing seasons. Researchers reported that increasing dissolved oxygen levels of nutrient solution from
4.5 mg/L to 14.6 mg/L did not create significant differences in plant nutrient uptake of tomato. Similar
findings were also obtained from the present study
and macro and micro nutrients (N, P, K, Ca, Mg, Na,
Fe, Zn), except for Cu and Mn, were not influenced
by growing periods and period x oxyfertigation interactions.
Since the same irrigation programs were applied to growing periods and drainage effluent quantities were quite close to each other, irrigation water
quantities and plant water consumption values of the
treatments were also quite close to each other. Just
depending on greenhouse indoor climate parameters,
more irrigation water quantities were applied, thus
higher plant water consumption values were observed in spring period than in autumn period. The
greatest water consumption values were obtained
from aeration treatments of spring and pure oxygen
treatments of autumn period.
There were not significant differences in WUE
and IWUE values of growing periods; average WUE
values were 36% higher than IWUE values in spring
and 46% higher in autumn period. The differences in
WUE and IWUE values of the treatments of the
same period were not also significantly different; the
greatest IWUE and WUE values were mostly observed in aeration (with a compressor) treatments.
Gislerod and Kepton [10], in a NFT system, supplied
N2 gas to nutrient solution of cucumber plants with
an aquarium pump at a rate of 600 ml/min and similar with the present findings, reported decreasing
plant water consumptions with decreasing oxygen
levels in nutrient solution. In another study, increasing water uptake levels were reported in cucumbers
with increasing oxygen doses. Daily water consumption decreased with decreasing dissolved oxygen
levels in nutrient solution. Depending on decreasing
water uptake of roots, leaf turgor also decreased and
thus growth was recessed [18]. Oxygen enrichment
through 1 g/L Liberoxy (K2O2) supplementation to
nutrient solution increased water uptake of pepper
(grown in perlite culture), melon and cucumber
(grown in stone wool) [22].
The EC and pH values of applied and effluent
nutrient solution were close to each other in both
growing periods and the values of treatments were

Growing periods and period x oxyfertigation
interactions had significant effects on total and marketable yields, total number of fruits and average
fruit weights. Spring periods and aeration treatments
had the greatest yields and they were followed respectively by pure oxygen treatments and control
treatments. Effects of oxygen treatments alone on
yields were not found to be significant. Fruit size
classes were not significantly influenced by treatments and interactions. There are different opinions
about the effects of oxyfertigation treatments on
yield levels [9, 14, 21, 22]. Gislerod and Kepton [10]
carried out a study with NFT system for cucumber,
supplied oxygen to nutrient solution with an aquarium pump and reported decreasing yield parameters
with decreasing oxygen supply to nutrient solutions.
It was reported in another study carried out in perlite
culture that oxygen enrichment through a diffuser increased yield levels and number of fruits in peppers
as compared to untreated control plants [21]. Potassium perchlorate was supplemented to nutrient solution in another study for oxygen enrichment and pepper was grown in perlite and melon and cucumber
were grown in stone wool culture. As compared to
control treatments, oxygen enrichment resulted in
20% yield increase in pepper and 15% yield increase
in melon, but the differences in cucumber yields
were not found to be significant [22]. Present findings revealed that oxygen treatments were influenced by growing periods and thus interactions had
different effects on yields, growing periods alone did
not have significant effects, but oxygen treatments
had higher yield levels than the control treatments.
Oxyfertigation studies mostly focused on root and
shoot growth and resistance to diseases, results on
yields are quite limited. Different opinions on these
issues bring about a need for further studies.
Effects of treatments alone and interactions on
fruit quality parameters were different from each
other. Dry weight, firmness, water soluble dry matter
content, brightness (L), ³a´ color value and vitamin
C contents were influenced by growing periods and
period x oxyfertigation interactions; firmness was
influenced by oxyfertigation treatments. All parameters, except for L, were higher in spring period than
in autumn period. As compared to control treatments, oxyfertigation treatments increased fruit
firmness values. Similar to yield values, oxygen
treatments were influenced by growing periods, thus
interactions had different effects on quality parameters. However, considering the growing periods separately, it was observed that the differences between
the treatments were not significant. There were not
any studies in the literature about the effects of oxyfertigation treatments on fruit quality attributes. It
was reported in some previous studies that oxygen
treatments reduced the incidence of blossom-end rot
in tomato [17]; oxygen enrichment did not create significant differences in quality parameters of watermelons grown in perlite culture [14]; 1 g/L Liberoxy
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not also significantly different. Similarly, Urrestarazu and Mazuela, [22] reported insignificant effects of oxyfertigation treatments on EC and pH
value of drainage effluents.
Present results clearly indicated the differences
in growing periods; the values were higher in spring
period than in autumn period. Plant growth, yield
and quality parameters were better in spring period
because of favorable light and temperature conditions of the period [41, 42]. However, oxygen content of nutrient solution decreases with increasing
temperatures [10] and increasing oxygen consumption of microorganisms [43]. Therefore, oxygen enrichment of nutrient solution is a more important issue in spring. Thusly, higher oxygen consumptions
were observed in spring period of the present study.
Oxygen tubes were replaced 3 times in spring period,
but only once in autumn period.
Just because of positive impacts, oxygen enrichment of root zone has started to be a common
practice in vegetable culture. Although different
methods were used in oxyfertigation treatments [20,
21, 22], aeration of nutrient solution with an intermediary device ± air supply to nutrient solution in
bubbles is a more practical method. Thusly in aeration-type oxyfertigation, nitrogen (78%) is also supplied as N2 gas beside oxygen (21%). Then, the nitrogen coming along with the air has various positive
impacts on plant growth and development. Pure oxygen supply to nutrient solutions requires special
equipment, special system, tube replacements, thus
high gas costs make the system impractical and uneconomical.
It was concluded based on present findings that
oxygen enrichment of nutrient solution through a
compressor (aeration) provided increases in yield
and plant growth parameters; pure oxygen supply to
nutrient solution through a pressurized oxygen tube
fell behind in performance. Therefore, aeration of
nutrient solutions by means of compressors or aquarium pumps or mechanical mixing devices was found
to be more practical and reliable. However, it is recommended that further experiments should be done
with different plant species, growth mediums, oxygen sources and doses.
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growing at various altitudes in its range. It forms
pure forests at about 1000 - 2500 m a.s.l. It generally
forms mixed forests with other tree species like
Abies bornmulleriana, Picea orientalis, Pinus nigra,
Fagus orientalis and Quercus species at lower altitudes at the eastern Black Sea coast. Scots pine has
adapted to various soils and climates, and it also occurs in diverse physiographic regions from montane
forests to steppes. In addition, it has more than 140
subspecies and varieties worldwide [1, 2, 6-8]. It occupies 1.5 million ha of forest lands in Turkey [9].
Scots pine is a significant forest tree both in economic and ecological aspects due to wide uses of its
timber in various areas and being more resistant to
insects and fungi than other Eurasian pine species.
Therefore, P. sylvestris has become an important
species in forest tree management and breeding programs.
Genetic diversity is an important asset and directly related to conservation of plant biodiversity.
%HFDXVH RI KDYLQJ UHPDUNDEOH UROHV LQ WKH HDUWK¶V
ecosystem, genetic resources of forest trees should
have highest priority in genetic conservation studies.
Forest genetic resources are affected negatively by
diverse factors like pollution, climatic change and
human impacts. Natural genetic variation of forest
trees should be investigated for an efficient tree improvement program for the sustainability of forest
resources. Knowledge about the genetic variation
and differentiation of forest tree populations is indispensable to an effective gene conservation and a beneficial working tool to our understanding of evolutionary mechanisms [10-12]. The proportion and
pattern of genetic diversity within species determine
its adaptability to changing climate and its survival
capacity against threats. :KDW¶VPRUHWKH\DUHconsequently essential parameters of the long-term stability of forest ecosystems [11, 13]. The genetic diversity loss in forest tree populations may reduce
adaptability and affect future management options
on the forests. In order to prevent future forests from
changing drastically in their gene pools, the genetic
effects of forest management activities in a given
species needs to be investigated [14]. In this regard,
molecular genetic markers (e.g., RFLP, RAPD,

ABSTRACT
Scots pine (Pinus sylvestris L.) is one of the
most widely distributed forest trees belonging to Pinaceae family in the world. The most southern distribution of its populations is located in Turkey. In
this study, altitudinal genetic variation in P. sylvestris populations was determined via cpSSR and
nSSR markers. Cones were gathered from 149 trees
in five populations that represent five different elevational zones from sea level to 2250 meters in Turkey. A total of 32 alleles were determined for analyzed six cpSSR loci. The cpSSR alleles were
formed 87 different haplotypes. The percentage of
unique haplotypes was 65.52%. The results of
AMOVA showed that the genetic diversity within
populations was very high (99.8% for cpSSR and
98.3% for nSSR). Even though the studied populations are peripheral (the most southern ones in the
distribution area of Scots pine), their genetic variation is still high. The results suggest that high priority should be given to peripheral populations for in
situ conservation activities, as long as they have high
genetic variation, because of their potential for adaptation to changing environments. The most suitable
populations for forestry practices should be selected
with strong emphasis on geographic location and elevation gradients.

KEYWORDS:
Altitudinal variation, cpSSR, Genetic conservation, nSSR,
Pinus sylvestris

INTRODUCTION
Scots pine (P. sylvestris) covers more than
14000 km in its longitudinal range and 3700 km in
its latitudinal range [1-2]. It extends from arctic latitudes in the far north of Norway to the warm, extreme south of Spain (> 2000 m) [3-4]. The most
southern Scots pine populations lie in Turkey [5-6].
In Turkey, P. sylvestris is distributed between 38º34'
± 41º48' N latitudes and 28º00' ± 43º05' E longitudes,
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labeled by tree number and population name,
and were stored at +4 ºC until they were used for
DNA isolation.

AFLP, SSR, ISSR, STR) are widely used for determination of genetic variation in forest tree populations, phylogenetic relations, genetic contaminations, mating system and gene flow. Microsatellites
are widespread in both prokaryotic and eukaryotic
genomes. Microsatellites (SSRs) were thought to be
selectively neutral markers until several years ago;
however, they might have important roles or effects
in some species [15]. Microsatellites are frequently
used for population genetic studies in forest tree populations, especially for estimation of genetic variation and determination of genetic diversity patterns.
They also provide valuable data for gene flow patterns, genetic drift and inbreeding rates. Nuclear
SSRs (nSSRs) are very valuable tools because they
present variation in different genomic regions and
therefore can provide distinctive information about
the level of intra- and interspecific variation [16]. In
addition, chloroplast SSRs (cpSSRs) are effective
tools for studies on recent evolutionary history of
pine species, because of being non-recombinant,
having paternally inherited nature and high polymorphism [3].
P. sylvestris populations throughout the world
have been studied by different researchers with various techniques such as morphological [2, 17-18], allozyme [6-7, 19-20], and molecular analysis [3-4,
12, 21-28]. In order to determine genetic variation of
natural P. sylvestris populations, nSSR and cpSSR
markers used by different researchers in recent years
[4, 12, 22-23, 28]. For example, Pazuoki et al. [12]
reported that three natural bog populations of P. sylvestris in Estonia for nuclear and chloroplast genomes have a high and similar level of genetic diversity. The genetic variation studies of P. sylvestris
populations via molecular markers in Turkey have
started recently. The main purposes of this study
were to determine genetic structure of the studied
populations by cpSSRs and nSSRs, to estimate genetic diversity parameters and altitudinal genetic
variation, to provide basic information for management strategies and genetic resource conservation
programs of Scots pine forests by studying intra- and
interpopulation genetic variation, to determine genetic conservation strategies for populations having
high genetic diversity level.

Molecular analysis. Before DNA extraction,
the seeds were put in water for about 24 hours to remove seed coat easily. Then, the haploid megagametophyte tissues were removed from the seeds and put
into labeled 2 ml tubes. 10 - 12 megagametophytes
per individual were used in order to get the genetic
profile of each individual. The prepared megagametophytes were kept at -20ºC until the isolation of
their DNA. The genomic DNA isolation was performed by the Dellaporta protocol with some small
modifications [29]. The quality and quantity of DNA
samples were measured with a NanoDrop 1000
Spectrophotometer V3.7. The extracted DNA samples was diluted to 25 ng/μL and kept at -20ºC.
Six chloroplast microsatellite loci (Pt26081,
Pt71936, Pt36480, Pt15169, Pt87268 and Pt30204)
were used for genotyping of individuals (Table 2)
[30]. Multiplex PCR was carried out for two groups
of primers (group 1: Pt26081, Pt71936, Pt36480,
group 2: Pt15169, Pt30204, Pt87268). The PCR amplifications were performed as described in Bilgen
and Kaya [31].
Four nSSR loci; PtTX3030, PtTX3025 [32],
SPAC 12.5 and SPAG 7.14 [33] (Table 2) were used
in the study. PCR mixture for nSSR primers contained 50 ng of template DNA, 1X PCR buffer, 2.5
mM MgCl2P0G173Vȝ0RIHDFKSULPHU
(forward primer FAM or HEX labeled) and 1.32 U
of Taq polymerase in a 22 ȝ/YROXPH7KH3&5F\
cle for PtTX3030 and PtTX3025 was the same with
cpSSR loci except annealing temperature was 56ºC.
Touch-down PCR profile for SPAC 12.5 and SPAG
7.14 was performed as in Scalfi et al. [26]. DNA
fragment analysis for both nSSR and cpSSR loci was
performed using ABI-PRISM 310 genetic analyzer.
Peak Scanner Software (Applied Biosystems) was
used to calculate fragment sizes.
Data analysis. For cpSSR analysis, a unique
combination of size variants in conifer megagametophyte or in chloroplast DNA will give haplotypes.
Length variants at each of the six cpSSR loci were
combined into haplotypes. The genetic diversity of
five populations was estimated by the unbiased hap-

MATERIALS AND METHODS

lotypic diversity, He=n(n- 1)-1(1 - Ȉp i ), pi is the fre-

Plant materials. In the study, natural P. sylvestris populations from five different altitudinal
zones ranging from coast to above 2000 m near
Trabzon region in northern Turkey were selected
(Table 1). Totally 149 trees (average 30 trees per
population) from five populations were chosen for
analysis. Average distance between any two sampled
trees was about 150 m. In 2002, at least 15 - 20
healthy mature cones were collected from randomly
selected trees. Seeds were extracted from the cones,

quency of the ith haplotype [34]. Genetic diversity
was estimated using the average genetic distance
among haplotypes, D2sh [35]. This statistic shows the
pairwise differences in repeat motifs at the microsatellite loci for all samples within a population [36].
For cpSSR loci, GENALEX Version 6.3 [37], CONTRIB 1.02 [38] and POPGENE Version 1.32 [39]
software programs were used to estimate gene diversity statistics. GENALEX Version 6.3 [37] software
was also used to calculate gene diversity statistics for
nSSR data. Genetic differentiation of the populations

2
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was estimated by the differentiation index FST [40].
Analysis of Molecular Variance (AMOVA) method
was applied by ARLEQUIN Version 3.11 [41] to determine intrapopulation genetic variations. The denGURJUDP ZDV FRQVWUXFWHG XVLQJ 1HL¶V VWDQGDUG JH
netic distance [34].

Pt26081, 139 bp at Pt36480 and 163 bp at
Pt87268 in all populations. The 32 alleles were combined in 87 haplotypes, 65.52% of them occurring at
IUHTXHQF\ EHORZ  DQG FDOOHG DV µUDUH KDSOR
W\SHV¶7KHPRVWIUHTXHQWKDSORW\SHZDVREVHUYHGLQ
nine trees from four populations except Maçka population while 57 haplotypes were found in a single
individual. The highest number of haplotypes (27)
was determined at Zigana3 population (middle elevation), conversely the lowest number of haplotypes
(18) was determined at Çamburnu (coastal) population (Table 3). Likewise, the highest number of private haplotypes (17) was determined at Zigana3 population, and the lowest number of private haplotypes
(3) was detected at Çamburnu population. Zigana1,
Zigana2 and Maçka populations have 15, 9 and 13
private haplotypes, respectively. The mean haplotypic richness (Rh) was calculated as 22.47 after rarefaction to the smallest sample size (N= 28) (Table
3).

RESULTS
By using six cpSSRs, 32 alleles with a mean of
4.07 alleles per population and locus were identified.
Considering five studied P. sylvestris populations,
locus Pt30204 has the highest number of alleles (nine
alleles), whereas the locus Pt26081 and Pt36480
have the lowest number of alleles (three alleles) (Table 2). Four out of 32 alleles occurred at low frequenFLHV    DQG UHSUHVHQW µUDUH DOOHOHV¶ WKDW ZHUH
present in Zigana1, Zigana2 and Zigana3 populations. The most frequent alleles were 105 bp at

TABLE 1
Geographic information on the location of five natural P. sylvestris populations sampled from northern
Turkey
Population name
Çamburnu
Maçka
Zigana3
Zigana2
Zigana1

Altitudinal range (m)
0 - 450
450 - 900
900 - 1350
1350 - 1800
1800 - 2250

Sample size
28
30
31
30
30

Latitude (N)
40º 55'
40º 53'
40º 38'
40º 40'
40º 39'

Longitude (E)
40º 13'
39º 40'
39º 20'
39º 25'
39º 24'

TABLE 2
Characteristics of the six chloroplast and four nuclear microsatellite markers used to analyze genetic
diversity of P. sylvestris populations
Locus

Pt26081
Pt71936
Pt36480
Pt15169
Pt30204
Pt87268

PtTX3030
PtTX3025
SPAC 12.5
SPAG 7.14

3ULPHUVHTXHQFHV ƍ-ƍ
cpSSRs
F: ¶-FAM-CCCGTATCCAGATATACTTCCA-¶
R: TGGTTTGATTCATTCGTTCAT
F: ¶-HEX-TTCATTGGAAATACACTAGCCC-¶
R: AAAACCGTACATGAGATTCCC
F: ¶-FAM-TTTTGGCTTACAAAATAAAAGAG-¶
R: AAATTCCTAAAGAAGGAAGAGCA
F : ¶-FAM-CTTGGATGGAATAGCAGCC-¶
R: GGAAGGGCATTAAGGTCATTA
F: ¶-HEX-TCATAGCGGAAGATCCTCTTT-¶
R: CGGATTGATCCTAACCATACC
)¶-FAM-GCCAGGGAAAATCGTAGG-¶
R: AGACGATTAGACATCCAACCC
nSSRs
)¶-HEX- AATGAAAGGCAAGTGTCG-¶
R: GAGATGCAAGATAAAGGAAGTT
)¶-FAM- CACGCTGTATAATAACAATCTA-¶
R: TTCTATATTCGCTTTTAGTTTC
)¶-FAM- CTTCTTCACTAGTTTCCTTTGG-¶
R:TTGGTTATAGGCATAGATTGC
)¶-HEX-TTCGTAGGACTAAAAATGTGTG-¶
R:CAAAGTGGATTTTGACCG

6875

Tm (oC)

Observed allele
size range (bp)

Observed number
of alleles

58.0

104-106

3

58.0

141-146

6

58.0

138-140

3

58.0

121-126

6

58.0

138-146

9

58.0

162-170

5

56.0

259-386

17

56.0

206-297

10

50.0

122-194

25

50.0

176-234

26
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TABLE 3
Genetic diversity estimated by using six cpSSR loci in P. sylvestris populations
Population name
N*
Na*
N e*
Nh*
Rh*
I*
H e*
D2sh*
28
3.50 (±0.563) 2.43 (±0.592)
18
17.00 0.873 (±0.224) 0.968 3.87
Çamburnu
30
4.00 (±0.775) 2.53 (±0.461)
24
21.66 0.989 (±0.182) 0.979 4.74
Maçka
31
4.33 (±0.615) 2.63 (±0.537)
27
24.33 1.025 (±0.196) 0.991 4.44
Zigana3
30
4.17 (±0.601) 2.47 (±0.366)
23
20.92 1.008 (±0.141) 0.984 7.03
Zigana2
30
4.33 (±0.715) 2.71 (±0.605)
26
23.46 1.021 (±0.208) 0.989 7.15
Zigana1
29.8
4.07
(±0.279)
2.56
(±0.217)
23.6
22.47 0.983 (±0.081) 0.982 5.45
Overall Mean
*N = Sample size, Na = Mean number of alleles per locus, Ne = Effective number of alleles, Nh = The number of
haplotypes, Rh = The haplotypic richness, I 6KDQQRQ¶VLQIRUPDWLRQLQGH[He = Haplotypic diversity [34], D2sh =
Stepwise genetic distances among haplotypes, ± standard errors in parentheses.
TABLE 4
Genetic diversity estimated by using four nSSR loci in P. sylvestris populations
Na*
N e*
I*
Ho*
H e*
F
13.25
6.08
2.000
0.624
0.787
0.164
28
Çamburnu
(±2.136)
(±1.713)
(±0.304)
(±0.027)
(±0.087)
(±0.099)
12.75
6.45
2.044
0.755
0.820
0.063
30
Maçka
(±1.797)
(±1.685)
(±0.238)
(±0.064)
(±0.052)
(±0.047)
10.75
5.02
1.703
0.589
0.690
0.094
31
Zigana3
(±2.496)
(±1.961)
(±0.397)
(±0.070)
(±0.094)
(±0.074)
14.00
6.61
2.052
0.692
0.796
0.109
30
Zigana2
(±2.739)
(±2.210)
(±0.327)
(±0.053)
(±0.077)
(±0.039)
13.00
5.16
1.884
0.678
0.764
0.081
30
Zigana1
(±2.858)
(±1.259)
(±0.311)
(±0.046)
(±0.081)
(±0.061)
12.75
5.86
1.937
0.667
0.772
0.102
Overall
29.8
(±1.000)
(±0.729)
(±0.130
(±0.025)
(±0.036)
(±0.028)
Mean
*N = Sample size (number of trees represented), Na = Mean number of alleles per locus, Ne = Effective number of
alleles, I 6KDQQRQ¶VLQIRUPDWLRQLQGH[Ho = Observed Heterozygosity, He = Expected Heterozygosity (unbiased)
[34], F = Fixation index, ± standard errors in parentheses.
Population

N*

TABLE 5
Analysis of Molecular Variance (AMOVA) at cpSSRs and nSSRs
Source of Variation

df*

Among populations
Within populations

4
144

Among populations
Within populations

4
293

Sum of squares Variance components
cpSSRs
6.790
0.00276
232.593
1.61523
FST = 0.00171
nSSRs
12.209
0.02588
442.583
1.51052
FST =0.01684

Percentage of variation
0.17
99.83

1.68
98.32

*df: degree of freedom

because of low haplotype population frequencies
found. Higher haplotypic diversity (> 0.982) was observed in Zigana3, Zigana1 and Zigana2 populations
and lower haplotypic diversity (< 0.982) was observed in Maçka and Çamburnu populations (both
populations were located below 900 m elevations).
D2sh was estimated as 5.45 (Table 3).
The four nSSR loci were highly polymorphic in
the studied populations, with number of alleles per

Genetic diversity estimations by six cpSSR loci
in five P. sylvestris populations were presented in
Table 3. The mean number of alleles per locus (Na)
ranged from 3.50 to 4.33. The overall mean number
of effective alleles per locus (Ne) was 2.56 (varying
IURPWR 0HDQ6KDQQRQ¶V,QIRUPDWLRQLQ
dex (I) was estimated as 0.983. Unbiased haplotypic
diversity (He) was 0.982 on average. Very high
within-population diversity values were determined
6876

© by PSP

Volume 26 ± No. 11/2017 pages 6873-6881

Fresenius Environmental Bulletin


value (He= 0.772), and this cause positive
mean inbreeding coefficient (FIS = 0.102). However,
Çamburnu population showed slightly high values of
FIS (0.164). The high FIS value indicates a deficiency
of heterozygotes. FIS deviated significantly from
zero for the studied populations because of an excess
of homozygosity. AMOVA results for nSSRs show
that 98.3% of the diversity was due to differences
within population variation. However, for cpSSR
haplotypes, 99.8% of the total genetic variation was
due to differences within populations (Table 5). UPGMA trees for nSSRs and cpSSRs according to
1HL¶VJHQHWLFGLVWDQFHZHUHVKRZQLQ)LJXUH

locus from 10 (PtTX3025) to 26 (SPAC 7.14). The
total number of alleles in 149 individuals for all loci
was 78 (Table 2). Intrapopulation genetic diversity
estimations were given in Table 4. High polymorphism was found within populations (He= 0.772).
The mean number of alleles per locus ranged from
10.75 ± 2.5 to 14.0 ± 2.7. The mean expected heterozygosity (He) ranged from 0.690 ± 0.1 (Zigana3) to
0.820 ± 0.05 (Maçka). Within the five populations,
the average numbers of the alleles ranged from 5.02
(Zigana3) to 6.61 (Zigana2). Zigana1 and Zigana2
populations have the highest number of private alleles (five) and Maçka population has the lowest
number of private alleles (two). The observed heterozygosity (Ho= 0.667) was lower than the expected

(A)

(B)
FIGURE 1
3KHQRJUDPFRQVWUXFWHGXVLQJ1HL¶VJHQHWLFGLVWDQFHYDOXHVIRUILYHVWXGLHGP. sylvestris populations for
cpSSRs (A) and nSSRs (B).
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respect, 57 of cpSSR haplotypes were private
to specific populations. Detected intrapopulation genetic diversity was very high (He= 0.982), and it was
also related to low levels of among population differentiation (FST= 0.00171). The results suggest that
gene flow among populations occurred over longer
period in high levels. The high level of within population genetic diversity estimations is compatible
with the levels reported by Scalfi et al. [26] and
Robledo-Arnuncio et al. [3] for natural P. sylvestris
populations, for which He was 0.92 and 0.98, respectively.
The high level of genetic diversity in nSSR data
was maintained among the studied P. sylvestris populations (He= 0.772) (Table 4). The low and positive
fixation indices were obtained for the populations,
possibly due to the Wahlund effect. The populations
that are mainly outbreeding with low level of inbreeding have generally low FIS values. Species belonging to Pinus are generally outcross and windpollinated. Therefore, high rates of outcrossing have
been observed for Pinus species due to wind pollination. The FST value was 0.017, indicating that at least
1.7% of the total genetic variation was due to differentiation among populations. The FST value of the
studied populations was low when compared with
reported values for other P. sylvestris populations (7,
23). Our results suggest that gene flow among populations may sustain the genetic diversity.
The results of this study were compatible with
other studies by using markers in forest trees, for example interpopulation genetic diversity was lower,
and levels of intrapopulation diversity was higher for
cpSSRs than for nSSRs. The FST values for both
cpSSRs and nSSRs (0.0017 and 0.017 respectively)
indicated that the cpSSRs had lower genetic differentiation among populations than the nSSRs. According to Bilgen and Kaya [31, 49] expected heterozygosity (0.849) estimated from cpSSR was higher
than expected heterozygosity (0.461) estimated from
nSSRs for studied P. brutia seed orchard. The reason
for the inconsistency between the marker types are
probably differences in effective population size,
mutation rate and gene flow between them. Dumolin
et al. [50] reported that the level of gene flow is generally high in cpDNA in comparison with nDNA, because gene flow occurs by both seeds and pollen in
cpDNA, but simply by seed movements in nDNA.
Preservation of genetic diversity is the significant and fundamental aim of genetic conservation
programs. In our study, the intra and inter genetic diversity of 5 populations of P. sylvestris in northern
Turkey were determined via nSSRs and cpSSRs.
The results for both SSR markers were compatible,
and suggested that three studied populations had
high level of chloroplast haplotypes and genetic diversity. Some researchers proposed that populations
having high level of genetic diversity could be identified as potential refugia [51-52]. Therefore, we

DISCUSSION AND CONCLUSIONS
Over the last 25 years, many researchers have
revealed significant knowledge on genetic variation
of Scots pine populations from the results of morphological, isoenzyme or DNA-based analyzes [2-4,
7, 12, 18, 23, 26-27, 42-44]. In this study, the proportion of genetic variation within populations was
determined to be very high (99.8% and 98.3% for
cpSSRs and nSSRs, respectively) as compared
among populations. The genetic variation level of
studied Scots pine populations was within the range
of previously reported isozyme studies [19-20, 45]
and RAPD markers [21, 46]. Hamrick et al. [47] reported that the mean level of differentiation based on
GST for the genus Pinus is 6.5%.
According to acquired results from this study,
all genetic diversity parameters were relatively
higher for the middle elevation population than the
lower and higher elevation populations (Table 2). Zigana3 population is a transition zone between high
and low elevation populations. Gene flow from both
low and high elevation populations may have caused
the higher genetic diversity of middle elevation population. In addition, anthropogenic factors in low elevation and also climatic factors in high elevation
may have a role in lower genetic diversity. As a matter of fact, Isik and Kara [48] reported similar results
in populations Pinus brutia Ten. at an altitudinal
transect.
According to phenogram for cpSSRs, Zigana2
and Maçka populations appear to be genetically
more similar to each other than Zigana1, Zigana3
and Çamburnu. According to phenogram for nSSRs,
Zigana1 and Zigana2 populations were genetically
more related to each other than the other populations.
Maçka population (for nSSR data) and Çamburnu
population (for cpSSR data) were found to be genetically more differentiated than others (Figure 1).
According to genetic variation parameters, Zigana3 (from central zone in elevational gradient)
population might be preferable population for forest
genetic resource conservation and breeding programs [48]. In this study, while a relatively small
portion of variation was among the populations, a
large amount of genetic variation was determined
within populations. Such a high level of intrapopulation genetic variation indicates that P. sylvestris is an
economically suitable species for tree breeding programs, as such a breeding population would relatively serve wide areas and reduce cost in various
tree breeding activities such as establishing additional seed orchards for individual areas. Furthermore, it also indicates that P. sylvestris has adequate
genetic diversity to adapt to possible environmental
changes that would occur in the future. Populations
with higher genetic diversity should be protected to
prevent genetic erosion in their natural stands.
Six cpSSR loci provided obvious evidence for
the genetic divergence of studied populations. In this
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(Pinus sylvestris L.) in Turkey. Biologia.
62, 697-703.
[8] Oner, N., Bilgili, B.C., Corbaci, O.L. (2015)
Evaluating the potential site locations of natural
pine species for landscape design using GIS in
Turkey. Fresen. Environ. Bull. 24, 2477-2483.
[9] OGM (2014) 7UNL\H2UPDQ9DUOÕ÷Õ2UPDQYH
6X øúOHUL %DNDQOÕ÷Õ 2UPDQ *HQHO 0GUO÷
2UPDQøGDUHVLYH3ODQODPD'DLUHVL%DúNDQOÕ÷Õ
<D\ÕQ1R$QNDUD
[10] Slavov, G.T., Zhelev, P. (2004) Allozyme variation, differentiation, and inbreeding in populations of Pinus mugo in Bulgaria. Can J For Res.
34, 2611-2617.
[11] Shanjani, P.S., Vendramin, G.G., Calagari, M.
(2010) Genetic diversity and differentiation
Fagus orientalis Lipsky in Hyrcanian forests revealed by nuclear and chloroplast microsatellite
markers. Conserv Genet. 11, 2321-2331.
[12] Pazouki, L., Shanjani, P.S., Fields, P.D., Martins, K., Suhhorutsenko, M., Viinalass, H., Niinemets, Ü. (2016) Large within-population genetic diversity of the widespread conifer Pinus
sylvestris at its soil fertility limit characterized
by nuclear and chloroplast microsatellite markers. Eur J Forest Res. 135, 161-177.
[13] Khodwekar, S., Staton, M., Coggeshall, M.V.,
Carlson, J.E., Gailing, O. (2015) Nuclear microsatellite markers for population studies in
sugar maple (Acer saccharum Marsh.). Ann For
Res. 58, 193-204.
[14] Ledig, F.T. (1988) The conservation of diversity
in forest trees. Bioscience. 38, 471-479.
[15] Oliveira, E.J., Padua, J.G., Zucchi, M.I., Vencovsky, R., Carneiro-Vieria, M.L. (2006)
Origin, evolution and genome distribution of
microsatellites. Genet Mol Biol. 29, 294-307.
[16] Antonecchia, G., Fortini, P., Lepais, O., Gerber,
S., Leger, P., Scippa, G.S., Viscosi, V. (2015)
Genetic structure of a natural oak community in
central Italy: Evidence of gene flow between
three sympatric white oak species (Quercus, Fagaceae). Ann For Res. 58, 205-216.
[17] Savolainen, O., Bokmaa, F., Garcia-Gil, R.,
Komulainen, P., Repo, T. (2004) Genetic variation in cessation of growth and frost hardiness
and consequences for adaptation of Pinus sylvestris to climatic changes. Forest Ecol Manag.
197, 79-8.
[18] Sevik, H., Ayan, S., Turna, I., Yahyaoglu, Z.
(2010) Genetic diversity among populations in
Scotch pine (Pinus sylvestris L.) seed stands of
Western Black Sea Region in Turkey. Afr J Biotechnol. 9, 7266-7272.
[19] Dvornyk, V. (2001) Genetic variability and differentiation of geographically marginal Scots
pine populations from Ukraine. Silvae Genet.
50, 64-69.
[20] Korshikov, I.I., Velikoridko, T.I., Butilskaya,
L.A. (2002) Genetic structure and variation in

suggest that highest priority should be given to Zigana1, Zigana3 and Maçka populations for conservation of this species. This study also includes important findings about the genetic diversity and differentiation of the marginal populations of the species and provides main genetic knowledge that
should encourage practices for conservation of such
populations.
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It is known that the crops occur as a result of
ZLOGIRUP¶VGRPHVWLFDWLRQDQGODWHUWKH\DUHVSUHDG
[4]. The domesticated plants are planted by humans
in nature and can survive without the need for supports such as fertilization, irrigation. They are secondary plant forms have been created as a result of
sexual reproduction of wild plant forms [5]. Plants
with the desired properties which have the new gene
combinations will occur by sexual reproduction of
wild plants. So that, wild plant species are very valuable with aspect to provide ancestral genetic resources for the plants derived from them [4, 5].
Even today, the wild olive trees can still maintain in the Mediterranean forests owing to have a
long life as 2000-3000 years [6]. However, in most
cases, the cultivated olive plants are sowed for high
production of oil and table olives due to their economic and ecological importance [7]. Also, changes
that occur in the gene pool can be limited by producing the cultivated varieties which adapted to particular environmental conditions and which have the
characteristics required by humans in the restricted
certain regions. As a result of these, some genes can
be lost compared to the gene pool of domestication
ancestral form [8-10].
The other important factor for altering the gene
structure and gene function in the evolution of plant
genomes is transposable element mobility. In the recent years, studies have revealed that large part of the
plant nuclear genomes consist of transposable elements (TEs), most of this mobile elements are immobilized [11]. These elements can rearrange the genome and make the changes in the gene structure
with transposition, insertion, excision, chromosomal
breakage and ectopic recombination [11]. There are
two classes of TEs in plants as in all eukaryotes;
class I (retrotransposons) and class II (DNA transposons) [12]. Retrotransposons comprise the largest
group of the transposons, besides LTR (long terminal repeat) type retrotransposons are the most abundant group among them. Retrotransposons cause genome expansion and changes in gene expressions
[12, 13].
In our study, we evaluated the transcriptional
expression of 10 LTR retrotransposons in wild (O.
europaea var. sylvestris) and cultivated olive (O. europea L. cv. Ayvalik) varieties collected at two developmental stages and having different oil content.

ABSTRACT
Transposable elements emerge as key regulatory substrates due to their impacts on genome structure and gene activity. Especially in plants, a great
part of the genome is composed of them. Retrotransposons are known to affect gene expressions in several ways. Olive, characteristic tree of the Mediterranean region, is an economically and ecologically
important plant. The olive tree is also of great importance with their oil production in its fruit. The oil
biosynthesis capacity differs between varieties. Despite their importance, transcriptional activity of retrotransposons in olive has not been documented,
yet. In this study, we evaluated expression profiles
of 10 LTR retrotransposons in wild and cultivated
olive varieties each collected at two developmental
stages. We identified significant expression differences comparing the samples in terms of variety and
developmental status. Moreover, expression levels
are tend to be higher in wild olive. The data implied
that transposable elements highly influenced the
shaping of the olive genome during domestication
possibly providing the ability to evolve in response
to environmental conditions. We also identified adjacent genes to the LTR transposons and performed
in silico analysis using transcriptome data. We discussed the possible expression impacts of transposons on fruit development and formation of oil in olive.

KEYWORDS:
Domestication, Expression, Olive, Transposon

INTRODUCTION
Olive (Olea europaea L.) belongs to Oleaceae
family and is one of the characteristic trees of Mediterranean regions. It is an economically and ecologically valuable tree. Olive is an essential component
of the Mediterranean diet and is used as both table
fruit and oil. Olive oil has a special place among
other oils due to its unique composition. It has highly
unsaturated fatty acids and phenolic compounds, and
therefore it is also very important for health [1]. Today, more than 1,200 olive varieties are present, and
all have diploid genomes (2n = 46) [2, 3].
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We found that olive varieties differ in their LTR transcriptional activity, and we discussed the putative
impacts of these differences on fruit development
and formation of oil in olive. To our knowledge, this
is the first study analyzing the transcriptional activity
of retrotransposons in olive varieties. This study contributes to creating additional information for further
studies to understand the olive genome evolution.
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RNA Isolation, cDNA Synthesis, and qRTPCR. Total RNA isolation from immature (collected
in July) and mature (collected in November) fruit tissues of these varieties were isolated using Trizol
(Ambion, TX, USA) according to the manufacWXUHU¶V LQVWUXFWLRQV. Lastly, RNeasy Mini Kit (Qiagen) was used for RNA clean-up. Quantification of
isolated RNA was performed with NanoDrop ND2000c spectrophotometer (Thermo Scientific, KS,
USA) and agorase gel electrophoresis. After quantification, an equal amount of RNA obtained from
three different trees for each tissue was combined.
After quality control analysis, cDNA were synthesized using Fermentas First Strand cDNA Synthesis
Kit (Thermo Fisher Scientific) according to the
PDQXIDFWXUHU¶VLQVWUXFWLRQV
To measure the relative expression levels of
10 LTR retrotransposons in immature and mature
fruit tissues of two varieties, qRT-PCR was conducted using SYBR Green I Master Kit (Roche
Germany) on LightCycler 480 Instrument II
(Roche, Germany) [17]. The qRT-PCR conditions
were set up as follows: preheating at 95 °C for
5 min; followed by 50 cycles of 95 °C for 10 s;
53 °C or 55 °C for 20 s; and 72 °C for 10 s. The
melting curves were adjusted to 95 °C for 5 s and
55 °C for 1 min and then cooled to 40 °C for 30 s.
All reactions were repeated three times with triple
biological replicates. The expression levels were
calculated as the mean signal intensity across the
three replicates. 18S rRNA gene was used as internal control [17]. Expression graphics generated using Ct values were given in Figure 1.

MATERIALS AND METHODS
Plant Materials. The cultivated olive (O. europaea cv. Ayvalik) with oil content of 25 % and the
wild olive (O. europaea var. sylvestris) with oil content of 13 % varieties were used for the study. The
immature (collected in July) and mature (collected in
November) fruit tissues of the varieties were collected from the garden of Izmir Zeytincilik, Izmir,
Turkey within the context of our previous work
(TUBITAK, Project Number: 112O502), and were
kept at -80 until use. Samples were collected from
three different trees as biological replicates.
Selection of Transposons and Primer Development. Within the context of our previous work
(TUBITAK, Project Number: 112O502), the genome sequence of O. europaea cv. Ayvalik has been
generated, and the transposons have been identified
in the genome. In another previous study, RNA-Seq
data obtained by 454 pyrosequencing reads of six olive transcriptome libraries were generated and the
outputs were deposited to NCBI databank under the
accession number SRA059461 [14]. In silico expression analysis of the olive TEs among six transcriptome libraries was performed, and 10 differentially
expressed TEs between the libraries were selected
for this study. Furthermore, the selected transposon
sequences were searched in the olive genome. For
that purpose, Blast-n analysis was performed on BioLinux 8 workstation [15] with the parameters of Evalue < 1e-20 and identity > 90% in terms of the
length and nucleotide. The other parameters were
used as default.
Primer 3 software [16] was used for designing
the appropriate primers for the transposons. Primer
sequences were given in Additional Table 1.

Determination of Flanking Regions To The
LTRs. 2,000 bases from upstream and downstream
of the full-length LTR regions were identified in the
genome using a custom Perl script. In order to identify genes neighboring to transposons, Blast-n and
Blast-x analyses were applied on these regions
against NCBI databank with E-value < 1e-20.
Within the context of our previous study
(TUBITAK, Project Number: 112O502), transcriptome sequencing for the immature and mature fruit
tissues of both cultivated and wild olive varieties
have completed. The flanking regions were also
searched using Blast-n analyses against these transcriptome libraries with E-value < 1e-20.
ADDITIONAL TABLE 1
List of the primers used in the study.

Primer ID
rnd-1_family-17
rnd-1_family-145
rnd-1_family-147
rnd-1_family-225
rnd-1_family-587
rnd-1_family-718
rnd-1_family-719
rnd-1_family-874
rnd-5_family-2856
rnd-5_family-9

Forward 5' - 3'
AGAAAAGTGGGGTCCACCTG
GCAATGCCCCTTATTAAACAC
CTACTCCCACGCCCTTGATC
TGCTCACGGCCTAGTTTTTC
GAATATGATGCATCTTTAGCGTG
TGAACGAGAACGAGGCCAT
CAATCGTCCTTCCGTCTCAT
GCACTTGGTCTTTTGGGCTT
ACCCCTCAACAAAATGGGGT
GAGCTATGACCCCGTTCTCG

6883

Reverse 5' - 3'
TTTAGGGCCTGTTTGGGAGC
GATTGAACTGTTGTAGGGAGAC
GTTGCCAACAGATGCCGG
GACGTAGGCGATTTGTGGAT
CTACAGGTCGTCATCCATGT
ACTAGCCGATTCCCTTGTGT
TGACTAAGGCTCGGCTAGGA
GTTGGCCCTTTCCCACTTTTC
TAAGAGTGGGAGAAGGCAATCG
GGTGGCTAACTTGTCGTGGA
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FIGURE 1
The expression levels of LTR transposons. The error bars were indicated above each column.
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Additionally, expression of rnd-1_family-874 transposon was expressed higher in the immature fruit of
wild olive compared to other three samples.

RESULTS
Expression of LTRs In Immature and Mature Fruits of Olive Varieties. In order to analyze,
transcriptional activities of the LTRs, expression of
10 retrotransposons in mature and immature fruits of
two olive cultivars were measured using real-time
RT-PCR. The analyses revealed that there were significant expression differences between the samples
(Fig. 1).
The most significant finding was that expression of 90% of the transposons was higher in wild
olive compared to domesticated olive. Only the
transposon rnd-1_family-719 had similar expression
level in wild and cultivated olives, however in mature fruit of domesticated olive was much lower than
the others.
Furthermore, expression profiles of five LTRs
were found to be almost identical. Expressions of
rnd-1_family-17, rnd-1_family-145, rnd-1_family147, rnd-1_family-225 and rnd-1_family-718 transposons were higher in immature tissues than the mature tissues in two varieties. Besides, wild olive
showed higher expression when compared to cultivated olive.
Similarly, rnd-1_family-587 transposon was
expressed more in wild olive compared to cultivated
olive. However, the expression level was found to
be higher in mature fruits than the immature fruits in
both varieties.
Another expression profile was detected for
rnd-5_family-9 and rnd-5_family-2856 transposons.
Although there were meager expression differences
between mature and immature fruits, the expression
was significantly up-regulated in wild olive compared to cultivated olive.
Different from the others, the expression level
of rnd-1_family-719 transposon was comparable between the samples. On the other hand, it was notably
down-regulated in mature fruit of cultivated olive.

Identity of The Flanking Regions. In order to
obtain deeper knowledge, we determined 2000 bases
upstream and downstream of the transposon sequences. Furthermore, Blast-n and Blast-x analyses
were performed against NCBI databank for the obtained sequences. A total of 11 and 28 genes was
identified by Blast-n (Table 1) and Blast-x (Table
2) analyses, respectively. The flanking regions
matched to varied annotated nucleotide and protein
sequences and the majority of the sequences
showed homology with uncharacterized proteins.
Out of 28, 16 of the adjacent genes are located
near the transposons which have higher expression
in immature fruits than mature fruits; moreover, their
higher expression level in immature tissue of wild
type compared to cultivated olive was noticed. These
genes are zinc finger BED domain-containing protein RICESLEEPER 2-like, early nodulin-like protein 1, transmembrane 9 superfamily member 1 isoform X2, scarecrow-like protein, Hsp70, formin-like
protein 20, and a total of 10 uncharacterized proteins.
The flanking regions were also screened in four
olive transcriptome libraries (Table 3). A total of six
flanking regions were identified in three transcriptome libraries. Four of the flanking regions were
found in the mature fruit of cultivated olive transcriptome library, while one flanking region was
identified in the immature fruit of cultivated and in
mature fruit of wild olive transcriptome libraries.
Any homology was identified in the immature fruit
of wild olive transcriptome library. The expression
level of these seven genes have been searched in
transcriptome libraries, however, due to low coverage of the libraries, the comparative analysis did not
reveal reliable results, and their expression levels
could not be determined.

TABLE 1
Blast-n analysis of the flanking regions.
Transposon
rnd-1_family-719
rnd-5_family-9
rnd-1_family-17
rnd-1_family-17
rnd-1_family-718
rnd-1_family-718
rnd-1_family-719
rnd-1_family-874
rnd-1_family-17

Sequence ID
NM_126138.4
NM_001334671.1
NM_128063.5
XM_002880491.1
XM_002889796.1
NM_100970.4
NM_105892.5
NM_129019.5

rnd-5_family-9
rnd-5_family-9

XM_002877509.1
NR_141694.1

NM_001344430.1

Flanking Genes
Arabidopsis thaliana casein kinase alpha 1 (CKA1), mRNA
Arabidopsis thaliana HCO3- transporter family (BOR5), mRNA
Arabidopsis thaliana early nodulin-like protein 14 (ENODL14), mRNA
Arabidopsis lyrata subsp. lyrata hypothetical protein, mRNA
Arabidopsis lyrata subsp. lyrata hypothetical protein, mRNA
Arabidopsis thaliana transmembrane nine 1 (TMN1), mRNA
Arabidopsis thaliana alanine aminotransferase 2 (ALAAT2), mRNA
Arabidopsis thaliana Protein kinase superfamily protein (PID), mRNA
Arabidopsis thaliana Heat shock protein 70 (Hsp 70) family protein
(BIP2), mRNA
Arabidopsis lyrata subsp. lyrata 40S ribosomal protein S20, mRNA
Arabidopsis thaliana U2.6; snRNA (U2.6), snRNA
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TABLE 2
Blast-x analysis of the flanking regions.
Transposon
rnd-1_family-145
rnd-1_family-145

Subject ID Number
XP_009769621.1
XP_011081181.1

rnd-1_family-147

XP_009413782.1

rnd-1_family-147
rnd-1_family-147
rnd-1_family-587

XP_012700855.1
XP_011083962.1
XP_010664919.1

rnd-1_family-718
rnd-1_family-874
rnd-1_family-874
rnd-1_family-874

XP_011092339.1
XP_011099583.1
XP_018503037.1
NP_001331824.1

rnd-5_family-9

XP_018624212.1

rnd-5_family-9
rnd-1_family-145
rnd-1_family-147
rnd-1_family-147
rnd-1_family-718
rnd-1_family-147
rnd-5_family-9
rnd-5_family-9
rnd-1_family-145

XP_011083740.1
XP_017441920.1
XP_010096824.1
XP_016173791.1
XP_007207981.1
XP_002282391.3
XP_011461809.1
XP_010314942.1
XP_017217401.1

rnd-1_family-587
rnd-1_family-719
rnd-5_family-9
rnd-5_family-9
rnd-5_family-9
rnd-1_family-17
rnd-5_family-9
rnd-5_family-9

XP_009759763.1
XP_011099328.1
XP_011078506.1
XP_012847289.1
XP_016449174.1
XP_011078204.1
XP_016652404.1
XP_015876092.1

Subject Name
PREDICTED: uncharacterized protein LOC104220446, partial [Nicotiana sylvestris]
PREDICTED: uncharacterized protein LOC105164266 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC103995023 [Musa acuminata subsp. malaccensis]
PREDICTED: zinc finger BED domain-containing protein RICESLEEPER 2-like
[Setaria italica]]
PREDICTED: early nodulin-like protein 1 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC100854064 [Vitis vinifera]
PREDICTED: transmembrane 9 superfamily member 1 isoform X2 [Sesamum indicum]
PREDICTED: scarecrow-like protein 15 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC108867253 [Pyrus x bretschneideri]]
Heat shock protein 70 (Hsp 70) family protein [Arabidopsis thaliana]
PREDICTED: F-box/FBD/LRR-repeat protein At1g13570-like isoform X4 [Nicotiana
tomentosiformis]
PREDICTED: putative pentatricopeptide repeat-containing protein At1g19290 isoform X1 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC108347264 [Vigna angularis]
hypothetical protein L484_003885 [Morus notabilis]
PREDICTED: uncharacterized protein LOC107616336 [Arachis ipaensis]
hypothetical protein PRUPE_ppa015715mg, partial [Prunus persica]
PREDICTED: uncharacterized protein LOC100264244 [Vitis vinifera]
PREDICTED: uncharacterized protein LOC101301378 [Fragaria vesca subsp. vesca]
PREDICTED: uncharacterized protein LOC104645282 [Solanum lycopersicum]
PREDICTED: uncharacterized protein LOC108194978 [Daucus carota subsp. sativus]
PREDICTED: LRR receptor-like serine/threonine-protein kinase EFR [Nicotiana sylvestris]
PREDICTED: casein kinase II subunit alpha [Sesamum indicum]
PREDICTED: probable E3 ubiquitin-protein ligase RHA2B [Sesamum indicum]
PREDICTED: boron transporter 4-like [Erythranthe guttata]
PREDICTED: 50S ribosomal protein L27-like isoform X1 [Nicotiana tabacum]
PREDICTED: formin-like protein 20 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC107881893 [Prunus mume]
PREDICTED: uncharacterized protein LOC107412784 [Ziziphus jujuba]

TABLE 3
Blast analysis of the flanking regions against olive transcriptome libraries.
Transcriptome Library
Immature Fruit of Cultivated Olive

Transposon Name
rnd-5_family-9

Mature Fruit of Cultivated Olive

rnd-1_family-874
rnd-5_family-9
rnd-1_family-718
rnd-5_family-9

Mature Fruit of Wild Olive

rnd-1_family-145
rnd-1_family-874

Gene Name
PREDICTED: uncharacterized protein LOC107412784
[Ziziphus jujuba]
hypothetical protein SORBIDRAFT_07g003556, partial
[Sorghum bicolor]
PREDICTED: F-box/FBD/LRR-repeat protein At1g13570like isoform X4 [Nicotiana tomentosiformis]
PREDICTED: transmembrane 9 superfamily member 1 isoform X2 [Sesamum indicum]
PREDICTED: uncharacterized protein LOC107412784
[Ziziphus jujuba]
PREDICTED: NADH-cytochrome b5 reductase-like protein
[Erythranthe guttata]
Heat shock protein 70 (Hsp 70) family protein [Arabidopsis
thaliana]

and metabolomics because of being ancestral genetic
resources for varieties produced on the culture of
their own and having more alleles compared to the
cultivated plants.
Transposable elements comprise a huge portion
of the genome, and they are one of the major factors
affecting the genome size. It was found that in many
plants more than 80% of their genomes contain
transposons [18, 19]. As distinct from our sequencing study, it was determined that almost 40% of the
olive genome is composed of transposable elements
[20]. Furthermore, analyses of the crop transposons

DISCUSSION
Olive is one of the most important trees due to
its unique properties. Today, both wild and cultivated varieties are distributed in the world [6]. However, cultivated olive varieties are the most planted
ones on account of their high oil content and usage
as table olive [7]. On the other hand, continuing presence of the wild olive trees is possible by the development of a number of adaptations. Wild plant species in nature are very important data sources for
studies of genomics, transcriptomics, proteomics,
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total of 13 known and 15 uncharacterized genes are
the neighbors to the transposons.
Most of the adjacent genes were located to the
transposons which have higher expression in immature fruits than mature fruits; additionally expressed
more in wild type olive. Among those adjacent
genes, formin, early nodulin-like and transmembrane proteins affect on morphogenesis and development [40]. It may be considered that the higher expression of the retrotransposons near to these genes
in wild olive inhibited expression of these genes
more compared to cultivated olive so that the fruit
development of cultivated olive is less negatively affected.
It is known that wild varieties have more capabilities to resist different stress conditions. It is noticed that four stress-responsive genes, which are
LRR receptor-like serine/threonine-protein kinase
EFR gene, Leucine rich repeat (LRR) gene and Fbox/FBD/LRR-repeat protein At1g13570-like isoform X3, E3 ubiquitin-protein ligase, were flanked
to the transposons expressed higher in wild olive
than the cultivated olive. A putative link between
these genes and stress tolerance of the olive varieties
remains to be solved. Additionally, scarecrow-like
protein 15, heat shock 70 kDa protein, and one uncharacterized protein located near to rnd-1_family719 transposon which all have high expression level
only in immature wild olive fruit. Scarecrow-like
proteins are regulator of gibberellins (GAs) signaling
which plays critical roles in modulating plant growth
and development in response to internal developmental programs, [41], while heat shock proteins are
chaperones which cope with stress-induced denaturation of other proteins [42]. Although several scenarios could be possible, further experiments should be
conducted to solve mutual effect between transposons and these genes. It is also noticed that the majority of the nearby genes are uncharacterized. Since
annotation of olive genes is not fully solved, further
efforts are needed to identify the functions of these
genes.
The flanking genes were also searched in four
transcriptome libraries of wild and cultivated plants.
However, only a few genes have been identified in
the transcriptome libraries. Most likely, due to low
coverage of the libraries, the comparative analysis
did not reveal satisfying results, and their expression
levels could not be determined. It may be hypothesized that differential expression of the adjacent
genes possibly influences the oil content and adaptation to different conditions of wild and cultivated olive varieties. However, in order to answer the question of how the functions of these flanking genes are
affected by the transposons, expression analyses of
these neighboring genes should also be carried out.
The question of evolutionary processes still remains unresolved for olive. In this study, we aimed
to measure transcriptional activities of 10 retrotrans-

revealed that transposons had tremendous impacts
on shaping of the genome evolution [21].
Since transposable elements have generally inhibitory effects on gene expressions, the living organisms have some defense systems to prevent the
expansion of these elements. Epigenetic regulations
stringently control TE transcription and manage their
mobility [22]. Therefore, most of the retrotransposons are transcriptionally inactive. On the other hand,
some transposons escape from this control and have
a high rate of transposition such as up to 10-15 per
generation [23]. Previous studies showed that some
transposons have transcriptional activities [24-27].
Due to their important effects on genome structure
and gene expression, several studies were focused on
identification and expression of transposons. Certain
transposons showed tissue differential expression
between tissues in Eucalyptus [28]. Differential expression pattern of TEs was also observed in maize,
and many TE sequences have been identified in EST
database, and varying expression profiles have been
found between tissues [27]. On the other hand, in literature, information about the transcriptional activity
of transposons in olive is missing. In our analysis,
the 10 retrotransposons were found to be transcriptionally active, and are differentially expressed in
two olive varieties.
A previous study demonstrated that BARE-1
retrotransposon has three times more expression in
wild barley than the cultivated barley [29]. A similar
result has been obtained in our analysis. In most
cases, wild olive had higher expression than the cultivated olive. It is known that transposon activity is
triggered by environmental conditions [30-32]. Also,
the TEs involve in the adaptation processes of the
genomes [33, 34]. It is suggested that transcribed
transposable elements creating new insertions in genome play roles in increasing the genetic diversity,
and the acquired new genetic characteristics facilitate plants to cope with stress [35]. Therefore, the elevated TE expression in wild olive variety may be
attributed to differences in growing conditions and
allelic variations of wild and cultivated plants. Wild
olive varieties can survive in the ecosystem without
planting and do not need for supports such as fertilizer, irrigation by humans. Thus, wild varieties face
with more difficult conditions, and they have to
adapt to nature in a wide range of conditions. This
may explain why the transcriptional activity of wild
olive is higher than that of cultivated olive.
The Putative Impacts of Retrotransposons
on Flanking Genes. It has been revealed that transcriptional activation of TEs influences transcription
of the adjacent genes [36-39]. To understand the
transposon effects on genome evolution for fruit development, fruit ripening, and oil biosynthesis mechanisms in olive, we searched the flanking regions of
the transposons. The Blast-x analysis resulted that a
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Dündar (2013) Phenolics profiles of olive fruits
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Domat and Gemlik varieties at different
ripening stages, Food chemistry. 136: 41-45.
[8] G. Besnard, P. Baradat, A. Bervillé (2001)
Genetic relationships in the olive (Olea
europaea L.) reflect multilocal selection of
cultivars. Theoretical and Applied Genetics,
102: 251-258.
[9] A. Angiolillo, M. Mencuccini, L. Baldoni
(1999) Olive genetic diversity assessed using
amplified fragment length polymorphisms.
Theoretical and Applied Genetics. 98: 411-421.
[10] B.V. de Caraffa, J. Maury, C. Gambotti, C.
Breton, A. Bervillé, J. Giannettini (2002)
Mitochondrial DNA variation and RAPD mark
oleasters, olive and feral olive from Western and
Eastern Mediterranean. Theoretical and Applied
Genetics. 104: 1209-1216.
[11] J.L. Bennetzen (2000) Transposable element
contributions to plant gene and genome
evolution Plant Molecular Biology. 42: 251269.
[12] T. Wicker, F. Sabot, A. Hua-Van, J.L.
Bennetzen, P. Capy, B. Chalhoub, A. Flavell, P.
Leroy, M. Morgante, O. Panaud (2007) A
unified classification system for eukaryotic
transposable elements. Nature Reviews Genetics. 8: 973-982.
[13] K. Wang, G. Huang, Y. Zhu (2016) Transposable elements play an important role during
cotton genome evolution and fiber cell development. Science China Life Sciences. 59: 112121.
[14] A. Munoz-Merida, J.J. Gonzalez-Plaza, A.
Canada, A.M. Blanco, C. Garcia-Lopez Mdel,
J.M. Rodriguez, L. Pedrola, M.D. Sicardo, M.L.
Hernandez, R. De la Rosa, A. Belaj, M. GilBorja, F. Luque, J.M. Martinez-Rivas, D.G.
Pisano, O. Trelles, V. Valpuesta, C.R. Beuzon
(2013) De novo assembly and functional annotation of the olive (Olea europaea) transcriptome. DNA Res. 20: 93-108.
[15] D. Field, B. Tiwari, T. Booth, S. Houten, D.
Swan, N. Bertrand, M. Thurston (2006) Open
software for biologists: from famine to feast.
Nat Biotech. 24: 801-803.
[16] A. Untergasser, I. Cutcutache, T. Koressaar, J.
Ye, B.C. Faircloth, M. Remm, S.G. Rozen
(2012) Primer3²new capabilities and interfaces. Nucleic Acids Research. 40: e115.
[17] M. Turktas, B. Inal, S. Okay, E.G. Erkilic, E.
Dundar, P. Hernandez, G. Dorado, T. Unver
(2013) Nutrition metabolism plays an important
role in the alternate bearing of the olive tree
(Olea europaea L.). PloS one, 8: e59876.
[18] T. Wicker, W. Zimmermann, D. Perovic, A.H.
Paterson, M. Ganal, A. Graner, N. Stein (2005)
A detailed look at 7 million years of genome
evolution in a 439 kb contiguous sequence at the

posons in two olive varieties collected at two developmental stages. The results indicated that wild olive
genome has significantly elevated transcriptional
transposon activity than the cultivated olive variety.
This data implied that transposons might important
impacts on the domestication process and genome
shaping of olive providing ability to evolve in response to environmental conditions. We also presented possible influence of transposons on the processes of fruit development, environmental adaptations in wild and cultivated plant genomes. To our
knowledge, this is the first study on transcriptional
activity of olive transposons. Further studies will improve our understanding of impacts of retrotransposon on the olive genome.
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wastewater discharge, landfills, factories and storm
water runoff [5, 6]. There are great concerns regarding their potential negative impact on the environmental risk and human health. The suspension nanoscale C60 (nC60) showed the toxicity on the eukaryotes via lipid peroxidation and genotoxicity in the
brain of largemouth bass [7] and on certain microorganisms via altering global gene expression of Salmonella typhimurium [8], and inducing higher superoxide dismutase activity in Bacillus cereus [9].
Wastewater treatment plants might be an important barrier to prevent these nanoparticles from
discharge into water environment. However, up until
now, a limited number of studies have determined
the concentrations of nC60 in complex environmental
samples. nC60 concentration was reported to be 19
ng/L to μg/L level in the influent and effluent of
wastewater in Spain [10]. nC60 was detected to be
0.009 to 0.330 ng/L in water pond [11] and 0.031 to
4.5 ng/L in surface waters [12]. The concentrations
of 98 and 130 ng/L of nC60 were reported in surface
water and industrial effluent in Taiwan [13]. One of
main reasons of lack of monitoring data could be
lack of analytical capability [14]. Due to this limit, it
is still unclear about the fate of nC60 during the
wastewater treatment process. Therefore, the modeling method combined the data from batch experiments is expected to be a promising way to estimate
the fate of nC60 during the wastewater treatment processes. This deep understanding of the nC60¶V fate
and impact of operational condition on nC60 treatment in the engineered wastewater treatment system
can provide the scientific basis for the development
of effective strategies to reduce their toxicities.
The objective of this study was to estimate the
nC60¶VIDWHGXULQJWKHFRQYHQWLRQDODFWLYDWHGVOXGJH
(CAS) process at the environmental concentration
level using a fate model. The Freundlich adsorption
coefficients were used to determine the nC60 concentration in the effluent and sludge [15, 16]. The effects
of the suspended solid (SS) removal, hydraulic retention time (HRT), sludge retention time (SRT) and
mixed liquor volatile suspended solid (MLVSS) on
the nC60 treatment were investigated, as well as the
relative contribution of each unit (i.e., primary and
secondary treatments) for the nC60 removal.

ABSTRACT
The rapid increase in the production and use of
fullerene nC60 nanoparticles raises concerns about
environmental risk and human health. Wastewater
treatment plants are a key barrier to their discharge
into the environment. A fate model based on the
steady-state mass balance was applied to investigate
the nC60¶V IDWH during the conventional activated
sludge process. The Freundlich adsorption coefficient was used to determine the nC60¶V FRQFHQWUD
tions in the liquid and solid phases in wastewater.
The effects of suspended solid (SS) removal, hydraulic retention time (HRT), sludge retention time
(SRT) and mixed liquor volatile suspended solid
(MLVSS) were investigated on the nC60 removal.
The nC60 removal increased from 36% to 64% with
the increase of SS removal from 50% to 90% during
the primary treatment. The increase in HRT,
MLVSS and decrease in SRT contributed to the nC60
removal by increasing the withdrawn excess activated sludge and adsorption capacity by the grown
activated sludge. Under the conventional operational
condition, approximately 28%~50% of nC60 still remained in the secondary effluent indicating the potential risk to the water environment and human
health. These results showed the great effects of operational parameters on the nC60¶V IDWH LQ WKH DFWL
vated sludge process.

KEYWORDS:
Fullerene nC60, Modeling, Fate, Wastewater, Activated
sludge process

INTRODUCTION
Fullerene C60 nanoparticles are widely applied
in commerce and research, including the personal
care products, drug delivery systems and solar photovoltaic cells [1±4]. In addition, their production
and application are expected to increase substantially in the next coming years. Therefore, they will
inevitability enter into the environment via
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FIGURE 1
The schematic of conventional activated sludge process.
C0: the nC60 concentration in influent (mg/L); Q: the influent flow rate (L/day); SS 0: the suspended solid concentration in influent (g/L); CL1: the nC60 concentration in the liquid phase of primary effluent (mg/L); C SS1: the
nC60 concentration in the suspended solids of primary effluent (mg/g);
SS1: the suspended solid concentration in primary effluent (g/L); CL2: the nC60 concentration in the
liquid phase of secondary effluent (mg/L); CSS2: the nC60 concentration in the suspended solids of
secondary effluent (mg/g); SS2: the suspended solid concentration in secondary effluent (g/L); C EPS: the nC60
concentration in the primary sludge (mg/g); k1: the Freundlich coefficient for the nC 60 on the primary sludge;
n1: the Freundlich constant for the nC60 on the primary sludge;
CEAS: the nC60 concentration in the activated sludge (mg/g); k2: the Freundlich coefficient for the nC60 on the
secondary sludge; n2: the Freundlich constant for the nC60 on the secondary sludge; MLVSS: the activated
sludge concentration in the aeration tank (g/L); V: the volume of aeration tank (L); HRT: the hydraulic retention
time (h); SRT: the sludge retention time (day)

In = Sorption (excess primary sludge) + Out (primary effluent)
(3)
By introducing the parameters, and the two
phases (liquid and solid) in primary effluent, the Eq.
(3) was changed into,
Q × C0 = Q × (SS0 ± SS1) × CEPS + Q × CL1 + Q ×
SS1 × CSS1
(4)
The meanings of all the parameters in the Eqs
(4 í 11) were explained in Fig.1. Our previous studies showed the Freundlich model could well fit the
experimental data of nC60 adsorption on primary and
secondary sludges [21]. The Freundlich coefficients
were used as the portioning coefficients for the nC60
between the liquid phase (water) and solid phase (SS)
in the influent. nC60 concentration in the SS in the
primary effluent (CSS1) equals that in the excess primary sludge (CEPS). By introducing the Freundlich
coefficient for the primary sludge (k1) and the removal efficiency (RSS) of SS during the primary
treatment, the Eq (4) was changed into,
C0 = SS0 ×RSS × k 1×CL11/n1 + CL1 + SS0 × (1±RSS) ×
k1 × CL11/n1
(5)

MATERIALS AND METHODS
FATE model. This model was generally used
for the fate studies of hydrophobic chemical during
the CAS process. A steady-state mass balance was
established for each process during the wastewater
treatment as follows [15, 17],
In = Volatilization + Sorption + Biodegradation +
Out
(1)
According to the nC60¶VSURSHUWLHVWKHUHPRYDO
due to the volatilization and biodegradation could be
neglected [18±20]. So the mass balance equation
could be simplified into,
In = Sorption + Out
(2)
In this study, the model was developed by introducing the part of primary treatment. The mass
balance could be separated into two control volumes,
i.e., primary treatment and secondary one, as shown
in Fig.1.
For the primary treatment, the mass balance
was as follows,
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in Supplemental Data (Table S1). Then the
Eqs (5) and (9), were changed into,
C0 = 0.15 × RSS × k 1 × CL11/n1 + CL1 + 0.15 × (1 ± RSS)
× k1 × CL11/n1
(10)
CL1 + 0.15 × (1 ± RSS) × k1 × CL11/n1 = (MLVSS ×
HRT/SRT) × k2 × CL21/n2 + CL2 + 0.002 × k2 ×
CL21/n2(11)

For the secondary treatment, the mass balance
was as follows:
Out (primary effluent) = Sorption (excess activated
sludge) + Out (secondary effluent)
(6)
The nC60 removal by adsorption in the excess
activated sludge (EAS) was equal to the nC60¶VFRQ
centration of in the activated sludge times the sludge
wasting rate. By introducing the parameters and two
phases (liquid and solid), the Eq. (6) was changed
into,
Q × CL1 + Q × SS1 × CSS1 = (MLVSS × V/SRT) ×
(7)
CEAS + Q × CL2 + Q × SS2 × CSS2
The Freundlich coefficients were also used as
the portioning coefficient here. nC60 concentration in
the SS in the secondary effluent (CSS2) equals that in
the excess activated sludge (CEAS). Then the Eq. (7)
was changed into,
Q × CL1+ Q × SS1 × k1 × CL11/n1 = (MLVSS × V/SRT)
× CEAS + Q × CL2 + Q × SS2 × k2 × CL21/n2
(8)
By introducing the HRT and SS0, the equation
was arranged into,
CL1 + SS0 × (1 ± RSS) × k1 × CL11/n1 = (MLVSS ×
V/SRT) × k2 × CL21/n2 + CL2 + SS2 × k2 × CL21/n2 (9)
Here the SS0 and SS2 were set to be 0.15 g/L
and 0.002 g/L, respectively, according to the operational conditions in wastewater treatment plants
(WWTPs) in Japan, as shown in Table 1. The Freundlich equations and related coefficients were shown

Experimental design and parameters for
model simulation. The ranges of different parameters were determined according to the operational
conditions in WWTPs in Japan (Table 1). The SS
concentration in the influent was set to be 0.15 g/L.
The removal efficiency of SS during the primary
treatment ranged from 50% to 90%. For the secondary treatment, it was set to be the MLVSS concentration from 1 to 3 g/L, HRT from 4 to 12 hr, and
SRT from 5 to 30 days. The nC60 concentration in
influent was set to be 0.002 to 0.200 μg/L according
to the previously reported values in environmental
wastewater samples [22, 23]. The effects of SS removal, HRT, SRT and MLVSS on nC60 removal during wastewater treatment were studied. As investigating the effect of one influencing factor, other factors were kept constant. In addition, the contributions of primary and secondary treatments on nC60
removal were evaluated under a conventional condition of CAS process. Detailed experimental design
for model simulation was shown in Table 1.

TABLE 1
The parameters for the fate model and experimental design
Scenario

Experiment

Only primary treatment

Effect of SS removal
Effect of HRT

Effect of SRT
Primary + Secondary treatment
Effect of MLVSS

nC60 conc. in
influent
(μg/L)
0.200
0.020
0.002
0.200
0.020
0.002
0.200
0.020
0.002
0.200
0.020
0.002

Contribution of each
treatment unit

Primary treatment
RSS
MLVSS
(%)
(g/L)
50
70
0.15
90

Secondary treatment
MLVSS
HRT
SRT
(g/L)
(h)
(day)

70

0.15

2

5
8
12

15

70

0.15

2

8

5
15
30

70

0.15

1
2
3

8

15

70

0.15

2

8

15

0.200
0.020
0.002

RSS (%): Removal efficiency of suspended solid (SS) during the primary treatment.
TABLE S1
Calculated parameters of Freundlich adsorption isotherm model
Sample
Primary sludge
Activated sludge

Freundlich model

ln qe

ln k F 

1
ln Ce
n

kF and n are Freundlich constants.
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kF
0.254

1/n
0.703

R2
0.994

5.623

0.925

0.998
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concentration of activated sludge (Fig. 3C).
8QGHUDOOWKHFRQGLWLRQVLQ)LJ$í&Q&60 removal
increased at higher initial concentrations. Fig. 2 presented at higher nC60 initial concentration the nC60
removal during primary treatment greatly decreased,
which resulted in the higher concentration of nC60 in
the primary effluent. As a result, the nC60 concentration adsorbed on the activated sludge increased at the
higher nC60 concentration in the primary effluent,
due to the higher adsorption capacity of activated
sludge (Adsorption coefficient of Freundlich model:
kF 5.623).

RESULTS AND DISCUSSIONS
Effect of SS removal on nC60 removal during
the primary treatment. Fig. 2 shows the effect of
SS removal on the nC60 removal efficiency during
the primary treatment. At the nC60 initial concentration of 0.002 μg/L and SS concentration of 0.15 g/L
in the influent, the nC60 removal increased from 36%
to 64% with the increase in SS removal from 50% to
90%. The increased removal of nC60 might be attributed to the increased discharge by adsorption on
the excess primary sludge. The nC60 removal decreased as the nC60 initial concentration increased.
The 1/n value of Freundlich model for primary
sludge was 0.703 which was less than 1, indicating
the weak adsorption [24, 25]. At higher nC60 concentration at equilibrium time, the adsorption isotherm
departed from linear relationship and shifted to the
X axis which consequently resulted in the decreased
removal by the adsorption on the primary sludge.

Contribution of each unit on the nC60 removal during the activated sludge process. Fig. 4
shows the contribution of each unit on the nC60 removal in wastewater during the CAS process under
a conventional operational condition. At the initial
nC60 concentrations of 0.002 μg/L, the nC60 removal
efficiencies were 50% and 21% during the primary
and secondary treatments, respectively. Approximately 28% and 1% of nC60 still remained in the liquid phase and SS in the secondary effluent. The
lower removal of nC60 during primary treatment at
higher nC60 initial concentration resulted in the increase in nC60 removal during the secondary treatment, similarly as shown in Fig. 3. However, the increase in nC60 removal during the secondary treatment was lower than the decrease in the nC60 removal during the primary treatment. As a result, the
total removal of nC60 during the CAS process decreased from 72% to 50% as the nC60 initial concentration increased from 0.002 to 0.200 μg/L. These results showed that approximately 28% to 50% of nC60
might be discharged into the water environment under the conventional operational condition. It indicated the potential exposure and risk of nC60 to the
water environment and human health.

Effects of HRT, SRT and MLVSS on nC60
removal during the secondary treatment. nC60 removal during the secondary treatment increased with
the increase in the HRT, as shown in Fig. 3A. Here
the nC60 adsorption on the activated sludge has already reached equilibrium. Therefore, the effect of
HRT on the nC60 removal would not be due to the
change in the contact time. It might be the increasing
HRT decreased the nC60 load on the activated sludge
and consequently increased the removal during the
secondary treatment. The shorter SRT increased the
nC60 removal from 14% to 35% by increasing the adsorption capacity due to the fresh activated sludge
(Fig. 3B). The higher MLVSS increased the nC60 removal from 22% to 27% which can be attributed to
the increase in the adsorption capacity due to higher

FIGURE 2
Effect of SS removal on nC60 removal during the primary treatment
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A

B

C
FIGURE 3
Effects of HRT (A), SRT (B) and MLVSS (C) on the nC 60 removal during the secondary treatment.
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FIGURE 4
Contribution of each unit on the nC60 removal during the CAS process.
Condition: SS0 0.15 g/L, RSS 70%, HRT 8 h, SRT 15 day and MLVSS 2 g/L.

[2] Murayama, H., Tomonoh, S., Alford, J.M.,
Karpuk, M.E. (2004) Fullerene production in
tons and more: From science to industry. Fullerenes Nanotub. Carbon Nanostructures. 12: 1±9.
[3] 6KHULJDUD%6.XWQHU:'¶6RX]D)  
Electrocatalytic properties and sensor applications of fullerenes and carbon nanotubes. Electroanalysis 15: 753±772.
[4] Chae, S.R., Hotze, E.M., Badireddy, A.R., Lin,
S., Kim, J.O., Wiesner, M.R. (2013) Environmental implications and applications of carbon
nanomaterials in water treatmen. Water Sci.
Technol. 67: 2582±2586.
[5] Gottschalk, F., Sonderer, T., Scholz, R.W.,
Nowack, B. (2009) Modeled Environmental
Concentrations of Engineered Nanomaterials
(TiO2, ZnO, Ag, CNT, Fullerenes) for Different
Regions. Environ. Sci. Technol. 43: 9216±9222.
[6] Yang, Y., Wang, Y., Hristovski, K., Westerhoff,
P. (2015) Simultaneous removal of nanosilver
and fullerene in sequencing batch reactors for
biological wastewater treatment. Chemosphere
125: 115±121.
[7] Oberdorster, E. (2004) Manufactured Nanomaterials (Fullerenes, C60) Induce Oxidative
Stress in the Brain of Juvenile Largemouth Bass.
Environ. Health Perspect. 112: 1058±1062.
[8] Hancock, D.E., Indest, K.J., Gust, K.A., Kennedy, A.J. (2012) Effects of C60 on the Salmonella typhimurium TA100 transcriptome expression: Insights into C60 -mediated growth inhibition and mutagenicity. Environ. Toxicol.
Chem. 31: 1438±44.
[9] Huang, F., Ge, L., Zhang, B., Wang, Y., Tian,
H., Zhao, L., He, Y., Zhang, X. (2014) A fullerene colloidal suspension stimulates the growth

CONCLUSIONS
A fate model based on the steady-state mass
balance was developed to investigate the nC60 fate
during the activated sludge process. Under the conventional operational condition, approximately 28%
to 50% of nC60 still remained in the liquid phase of
secondary effluent as well as 1% of nC60 adsorbed
on the SS in the final effluent, indicating the potential risk to the water environment and human health.
The nC60 removal increased from 36% to 64% with
the increase of SS removal from 50% to 90% during
the primary treatment, due to the increased withdraw
of nC60 with the excess primary sludge. The increases in HRT, MLVSS and decrease in SRT contributed to the nC60 removal by increasing the withdraw of excess activated sludge and adsorption capacity by the fresh sludge. These results showed the
great effects of operational parameters on the fate of
nC60 in the activated sludge process.
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HYPOGLYCEMIC AND IRON STATUS AMELIORATIVE
EFFECTS OF OLEA EUROPEA &9µ3,&8$/¶/($9(6
EXTRACT IN STREPTOZOTOCIN INDUCED DIABETIC
RATS
Abd El-Moneim M R Afify, Hossam S El-Beltagi*, Sayed A Fayed, Abeer E El-Ansary
Biochemistry Dept, Faculty of Agriculture, Cairo University, P. Box 12613, Gamma St, Giza, Cairo- Egypt

the World Health Organization (WHO) report, diabetes spread all over the world is presently about 171
million and predicted to increase to 366 million by
the end of 2030 [2]. In 2012 alone diabetes caused
1.5 million deaths. Diabetes complications can lead
to heart attack, stroke, blindness, kidney failure and
lower limb amputation. In Egypt, the year 2015, total
adult population (20-79 years) was 52,587,000
where the prevalence of diabetes in is 14.9 (%) =
7,809,000 and number of deaths in adults due to diabetes was 78,184,000 [3]. The propagation of diabetes in Egypt has elevated rapidly within a short time
from about 4.4 million in 2007 to 7.5 million in 2013
and predicted to rise to 13.1 million by 2035 [4]. Diabetes is a pathological case that influences many
metabolic mechanisms and is correlated with
changes in the metabolism of trace elements and antioxidant defenses that may participate in the disease
progression [5].
Research showed a clear correlation between
iron and glucose metabolism, and iron affects glucose metabolism [6]. On the other hand, Van Campenhout et al. [7] showed that iron stores, ferritin,
were directly proportional to the diabetic status, but
not in healthy control subjects. Iron is oxidant which
produces reactive oxygen species (ROS) which increase the cellular oxidative stress, the thing that
causes inhibition of insulin internalization and actions; then hyperinsulinemia and insulin resistance
takes place. High serum iron concentration stimulates ferritin synthesis, at the same time oxidative
stress increases the release of iron from ferritin. Hyperglycemia causes protein glycation, on many
blood proteins, including transferrin, in this case,
transferrin releases iron into the blood stream, so the
oxidative stress is increased again, this looks like a
vicious circle [8]. Hyperinsulinemia and the
increased oxidative stress cause massive tissue damage [9]. The Advanced glycation end products
(AGEs) pathway has been thought to be the main
mechanism of oxidative stress under hyperglycemic
state [10].
Many studies showed that OLE has antidiabetic
properties that were high in phenolic compounds
content [11, 12]. The combined hypoglycemic and
antioxidant characteristics could be a portion of the

ABSTRACT
Olive tree (Olea europaea L.) leaves have been
widely used in traditional therapies in European and
Mediterranean countries as extracts, herbal teas, and
powder. They contain numerous potentially bioactive compounds that may have hypoglycemic properties. Glycation of serum proteins may effectively
increase the available free iron pool in blood serum.
This excess iron has been involved in the pathogenesis of diabetes and its complications. Twenty-four
adult Wistar rats were divided into four groups; (normal control), diabetic control (45 mg/kg STZ), normal rats treated with olive leaf extract (17.8 mg OLE
/kg b.wt.), and diabetic rats treated with olive leaf
extract (45 mg/kg STZ+ 17.8 mg OLE /kg b.wt.). Olive leaf extract was orally administrated for 10
weeks. The levels of serum iron, total iron binding
capacity, ferritin, transferrin, hemoglobin, glycated
hemoglobin and glycated albumin were analyzed at
zero time and after 10 weeks. Results showed that
olive leaf extract significantly (P < 0.05) kept serum
iron, total iron binding capacity in the normal range,
and improved the ferritin, transferrin, glycated hemoglobin and glycated albumin levels to make them
less than the diabetic group levels. The present study
suggests that olive leaf extract exerts strong beneficial effects on iron profile in diabetes and maintains
protein glycation.

KEYWORDS:
Iron, transferrin, ferritin, diabetes mellitus, olive leaf extract, protein glycation

INTRODUCTION
Diabetes mellitus is a complex, chronic illness
demanding persistent medical concern with multifactorial hazard-reduction strategies beyond the control of the glycemic state. Diabetes type 2 is mainly
related to insulin secretion shortage linked to inflammation and metabolic stress and some other factors
counting the genetic factors [1]. According to

6898

© by PSP

Volume 26 ± No. 11/2017 pages 6898-6908

Fresenius Environmental Bulletin

mg/kg STZ+ 17.8 mg OLE powder /kg b.wt.). OLE
was dissolved in distilled water, then given by oral
gavage administration five days a week during the
study period. The dose was 17.8 mg extract powder/kg b.wt. calculated as 20 mg oleuropein/kg b.wt.
according to Al-Azzawie and Alhamdani [13] During this period, the rats were fed on a diet (TD.94045
AIN-93G Purified Diet) and water. The vitamin mix
(AIN-93-VX) (1%) and mineral mix (AIN-93GMX] (3.5%) which contain iron 16.5% Fe 6.06g/kg
mix [15].

biochemical reason behind the traditional use of the
OLE in the avoidance and management of type 2 diabetes mellitus. The O. europaea has been used by
the traditional medical practitioners totreat diabetes.
Al-Azzawie and Alhamdani [13] suggested that antidiabetic subjects may be treated with good antioxidants as the relief in oxidative stress diminishes the
blood glucose levels. Obviously, there is a biological
link between iron metabolism and diabetes type 2 has
been discussed in many studies. We carried out this
study aiming todemystifythe effect of OLE on iron
metabolism and protein glycation as oxidative stress
enhancers in cases type 2 diabetes.

Methods. Biochemical Analysis. Blood samples were collected from orbital sinus under anesthesia as follows: 3 ml in EDTA-coated tubes and 2 ml
in plain tubes, centrifuged at 3000 rpm for 10 min at
4Cº to obtain plasma and serum respectively. Rats
were sacrificed by cervical dislocation at the end of
the study period.

MATERIALS AND METHODS
Materials. Streptozotocin STZ was purchased from Sigma Chemicals (St Louis, Mo, USA),
with purity of 97%. All otherchemicals used were of
analyticalgrade.

Determination of phenolic compounds. Phenolic compounds were separated by HPLC according to the method of Goupy et al. [16] as follows:
five grams of sample were mixed with methanol and
centrifuged at 1000 rpm for 10 minutes and the supernatant was filtered through a 0.2μm Millipore
membrane filter, then 1-3 ml was collected in a vial
for injection into HPLC Agilent (series 1200)
equipped with autosampling injector, solvent degasser, ultraviolet (UV) detector set at 280 nm and quaternary HP pump (series 1100). The column temperature was maintained at 85ºC. Gradient separation
was carried out with acetic acid and acetonitrile as a
mobile phase at a flow rate of 1 ml/min. Phenolic
compounds from Sigma-Aldrich Chemical Company was dissolved in a mobile phase and injected
into HPLC. Retention time and peak area were used
to calculate phenolic compound concentration by the
data analysis of Agilent software.

Source of samples. Olive leaves were collected
from olive farms in pomology department, Faculty
of Agriculture,Cairo University.
Olive leaves extract (OLE) preparation. Olive leaf extract was prepared as follows: leaves were
cleaned,washed, and then cut into small pieces with
a blender, then put 25 g of blended olive leaves, in
200 ml of distilled water. The mixture was boiled for
three minutes. The fluid was collected and put in a
dark glass container [14]. Then, freeze drying was
initiated on the same day.
Induction of diabetes. Diabetes was induced
in rats by intraperitoneal i.p injection of STZ at a single dosage of 45 mg/kg b.w. dissolved in citrate
buffer (pH 4.5).

Determination of ferrous ion chelating ability. The method of Dinis et al. [17] has been used to
estimate the chelating effect on ferrous ions with the
modifications of Farhan et al. [18]. 0.5 ml of the extract was mixed with 0.5 ml of FeSO4 (0.12 mM),
and with 0.5 ml of Ferrozine (0.6 mM). The mixtures
were allowed to stand for 10 min at room temperature. After incubation, the absorbance was measured
by T80 PG UV/VIS spectrophotometrically at 562
nm. Distilled water of sample solution was used as a
control without extracts, distilled water instead of
Ferrozine solution was used as a blank. EDTA-Na2
was used as reference standard. All measurements
were performed in Triplicate. The Ferrozine solution
(3-[2-Pyridyl]-5,6-diphenyl-1,2,4-triazine-4,4´-disulfonic acid Na-salt) (0.6 mM) was prepared in distilled water and stored in the dark at room temperature. The ability of the sample to chelate ferrous ion
was calculated relative to the control (consisting of
iron and Ferrozine only) using the formula:

Experimental Animals and ethical statement. Twenty-four male Wistar rats weighing 120
±10 g were purchased from animal house of Helwan
station for experimental animals, Helwan, Egypt.
The animals were housed in polyethylene cages in
groups of 6 rats per cage in a controlled environment
(25±2 ºC, 50-60% relative humidity, and 12-hour
light-dark cycle) for two weeks for adaptation. Rats
were divided into four equal groups of 6 rats each.
All experimental treatments were approved by Cairo
University Ethics Committee for the Care and Use of
Experimental Animals in Education and Scientific
Research (CU-IACUC) and the approval number
was CUIIS1616.
Experimental design. The animals were randomly allocated into to four groups, (six rats each):
normal control, diabetic control (45 mg/kg STZ),
normal rats treated with OLE (17.8 mg OLE powder
/kg b.wt.) and diabetic rats treated with OLE (45
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phenolic compound in the leaf extract of Olea
europea FYµ3LFXDO¶6LPLODU REVHUYDWLRQV KDGEHHQ
reported by Ortega-*DUFÕDet al. [21] who found that,
extract of Olea europea FYµ3LFXDO¶FRQWDLQ ROHXUR
pein 5.26 ± 0.26,hydroxytyrosol 0.56 ± 0.01 mg /(g
dry mass)í1. Similar results also were reported by Ortega-García, et al. [22] who found that oleuropein in
Picual leaves was between 2.2 ± 0.1 to 6.9 ± 0.3 mg
(g fresh mass)±1 during fruit development. Talhaoui
et al. [23] reported that oleuropein aglycone, hydroxytyrosol-hexose isomer a and b were 0.170, 0.341,
and 0.485 mg/g dry matter of olive leaves respectively. However, the Chemlali cultivar, the oleuropein concentration was the highest among other phenolics present in the extract olive leaves, it gave
7.453 mg/mL while hydroxytyrosol was 0.108 [24].

Determination of hemoglobin. Hemoglobin
was determined according to Drabkin et al. [19] as
follows: three tubes were prepared for blank, sample
and standard 2.5 ml distilled water was added to each
tube, then 50 μl of Drabkin¶s reagents were added
only to sample tube. 10 and 60 μl of sample and
standard were added to the sample and standard
tubes respectively. All tubes were mixed, allowed to
stand for 5 min at room temperature (R.T.). The reaction mixture was not exposed to strong light. After
that, the absorbance was measured in the sample (A
Sample) and Standard (A Standard) against distilled
water as blank at wavelength 540 nm, using T80 PG
UV/VIS Spectrophotometer.

TABLE 1
Phenolic compounds composition (μg/g sample)
in olive leaves extract (OLE) on dry weight

Determination of iron and total iron binding
capacity. Serum iron (SI) and total iron binding capacity (TIBC) were detected by the quantitative colorimetric determination of iron, and unsaturated iron
binding capacity in serum Stanbio Laboratory Kits
(Texas, USA) through the method described by Burtis and Edward [20].

Compounds

Olive leaves extract (OLE)
(mg/g dwt)
%
0.021±0.005b
0.339
0.084±0.007b
1.349
0.0496±0.006b
0.798
0.397
0.025±0.004b
3.794
0.236±0.017b
1.023
0.064±0.006b
3.390
0.211±0.021b
1.975
0.123±0.010b
0.029±0.0004b
0.470
2.059
0.128±0.012b
0.056±0.006b
0.893
4.825±0.577a
77.617
1.524
0.095±0.006b
0.029±0.004b
0.460
0.012±0.001b
0.192
0.667
0.041±0.005b
0.038±0.005b
0.617
0.952
0.059±0.006b
0.059±0.005b
0.945
0.112
0.007±0.001b

Gallic
Pyrogallol
3-hydroxytyrosol
Chlorogenic
Catechol
Catechin
Epicatechin
Caffeic
Vanillic
Ferulic
Iso-ferulic
Oleuropein
Ellagic
Į-Coumaric
p- Coumaric
4-amino-benzoic
Protocatechuic
Caffeine
p.oH.benzoic
Reversetrol
3.4.5.
methoxy
0.014±0.001b
0.228
cinnamic
b
Coumarin
0.010±0.001
0.160
0.038
Cinnamic
0.002±0.0003b
Values are represented as mean ±SEM. The mean
values with the different small letter within a
column indicate significant differences (p<0.05).

Determination of ferritin, transferrin, glycated hemoglobin HbA1c and glycated albumin
activities. In plasma ferritin, transferrin, glycated hemoglobin A1c, and glycated albumin activities were
quantified using enzyme-linked immunosorbent assay kit (rat ELISA kit; Wkea Med Supplies, ChangFKXQ&KLQD DFFRUGLQJWRWKHPDQXIDFWXUHU¶VSURWR
col. Ferritin, transferrin, glycated hemoglobin A1c
and glycated albumin are expressed as ng/ml,
QPRO/DQGȝPRO/UHVSectively.
Statistical analysis. Values are presented as
means ± SEM. Statistical analysis was carried out by
XVLQJWKH³costat´VWDWLVWLFFRPSXWHUSURJUDP6WDWLV
tical analysis was based on One-way analysis of variance ANOVA followed by student-Newman Keuls
test, and least significantdifference (LSD) at P<0.05.
A Pearson product-moment correlation coefficient
was used to describe the relationships between each
biomarker of iron and glycated proteins.

Ferrous chelating ability. The iron-chelating
capability test measures the ability of antioxidants to
compete with ferrozine in chelating Fe+2 ion [25]. In
the present study, the ferrous chelating ability (%)
for OLE was 38.9 ± 1.4 compared to EDTA that gave
96.8 ± 0.3.This result is much higher than 4.8±2.7
reported by Senol et al. [26] and lower than 71.4 ±
 UHSRUWHG E\ *HQHUDOLü 0HNLQLü et al. [27], and
There might be several reasons for this discrepancy,
i.e. the different extraction method and different solvent used, Senol et al. [26] used ethanol 80%,
whereas in our study boiling the sample with water
ZDVXVHG$OVR*HQHUDOLü0HNLQLü et al. [27] used

RESULTS AND DISCUSSION
Phenolic compounds and flavonoids in the
extract of olive leaves on dry weight. For a better
understanding of the OLE effect on iron metabolism,
a high-performance liquid chromatography (HPLC)
mechanism was carried out to characterize and quantify the major phenolic compounds in itData in Table 1 showed that the concentration of several phenolic compounds was identified, oleuropein was
dominating (77.62%) in OLE, followed by catechol,
epicatechin, then ferulic. Oleuropein was the main
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group of flavonoids and a large number of hydroxyl
galloyl groups. Secondly, the functional groups
which are necessary for free radical quenching are
WKH ޘ ޘ- dihydroxy group [32, 33]. At the same
time it was reported that phenolic compounds with a
catechin structure are capable of chelating iron ion
that can enhance oxidation reactions [31].
$QGMHONRYLüet al., [34] ranked the ability of the
phenolic compounds which chelate iron in line with
the binding constants in ascending order rendering
the protocatechuic acid the weakest chelator, followed by hydroxytyrosol, gallic acid, caffeic acid
and chlorogenic acid as the strongest chelator. Caffeine performed better than gallic acid.

higher sample: solvent ratio, 1g sample:5 ml hot water and the extract was made by just adding the hot
water to the sample and stirring the suspension for 5
minutes.
The tested extract in the present study gave a
good chelating activity, may be because of the high
concentrations of oleuropein but also the existence
of other phenolics that are existing in the extract are
possibly responsible for the detected chelating properties The catechol structure which is the most important structural feature of strong chelating activity
as stated by Shan et al., [28]. *HQHUDOLü0HNLQLüet
al. [27] agree with the previous suggestion and found
oleuropein concentration very low in their water extract compared to ethanol: water and methanol: water
50:50 extracts. Despite this, the ferrous chelating caSDFLW\ZDVYHU\VWURQJDQGGLGQ¶WDIIHFWE\ROHXUR
pein decrease in the water extracts.
Together its free radical scavenging and metal
chelating activities appear to be responsible for the
capability of oleuropein to protect membranes from
metal-initiated lipid oxidation [29].Oleuropein and
hydroxytyrosol behave as antioxidant as follows: a.
free radical scavengers and radical chain breakers; b.
anti-oxygen radicals; c. metal chelators. With their
catecholic orthodihydroxy structure, they are able to
scavenge the peroxyl radicals and break peroxidative
chain reactions generating very stable resonance
structures [30].
The polyphenolic compounds present in OLE
exhibited antioxidant properties that owe to their redox potential, which enables them to act in many
forms, including hydrogen donors, reducing agents,
oxygen quenchers, and chelating metal ions in various food applications [31].
Two mechanisms are usually submitted to clarify the antioxidant role of phenolic compounds;
metal chelation and/or free radical scavenging.
These mechanisms have vital structural features,
firstly; the functional groups which are necessary for
Fe-binding ortho-dihydroxyl (catechol groups) inFOXGLQJޘޘ-dihydroxy group and 7, 8-dihydroxy

Changes in serum iron, and TIBC contents
of normal and diabetic rats. The results in Table
(2) revealed that there was a significant increase (P
< 0.05) in the serum iron (SI) of diabetic rats as compared to normal control rats. A significant improvement was induced by OLE in diabetic rats, where SI
activity was significantly lower than the diabetic
control group, to give values 188.49±11.05 to
255.95±23.12 μg/dl respectively. In normal rats
treated with OLE, the SI value was close to the normalcontrol value. At the same time, diabetic rats exhibited a significant decrease in TIBC
(242.14±16.34 μg/dl) after 10 weeks of treatment,
while it was 338.39±14.64 μg/dl at zero time. In addition, the OLE treated diabetic group recorded a significantly higher value (288.78±16.18) at the end of
the experiment compared with a diabetic control
group (Table 2).
In this study, we suggest that decreased TIBC
may be associated with high serum iron. Our data are
consistent with Kapoor and Sharma [35] who found
a mild increase in serum iron, and decreased TIBC
in diabetic subjects.
The crude water extract of olive leaves was reported to have a high effectiveness in the inhibition
of reactive oxygen species, and free radical scavenging [36]. The effects of OLE may be

TABLE 2
Effect of aqueous extract of 2OHDHXURSDHD FYµ3LFXDO¶leaves on serum iron, and TIBC
contents in different groups.
Groups

Serum iron (SI)
μg/dl
Zero time
198.41±10.50aA
180.56±18.93aB

Total iron binding capacity (TIBC)
μg/dl
Zero time
10 weeks
332.77±15.13aA
328.84±9.77aA
aA
338.39±14.64
242.14±16.34bB

10 weeks
Normal Control
190.48±6.87bA
Diabetic Control
255.95±23.12aA
Normal rats treated
199.90±8.46bA
337.66±18.14aA
337.86±5.54aA
196.43±5.95aA
with OLE
Diabetic rats treated
184.52±5.95aA
188.49±11.05bA
323.79±14.49aA
288.78±16.18aA
with OLE
LSD 0.05
60.09
43.98
58.46
44.18
Values are represented as mean ±SEM. Each group contains 6 rats. The mean values with a different small letter within a
column indicate significant differences (p<0.05). The mean values with a different capital letter within a row indicate significant differences (p<0.05).
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that olive leaf extract and oleuropein has a beneficial
hypoglycemic effect in diabetes [11, 12, and 41]. In
like manner, the presence of phenolic compounds
such as caffeic acid derivative, ellagic acid, gallic
acid, ferulic acid, vanillic acid o±coumaric acid, and
epicatechin in the extracts could be principally responsible for their large medical properties including
hypoglycemic effect and these phytochemicals may
have functioned synergistically [42, 43].

owing to the huge polyphenols and flavonoids contents of the olive leaf extract and could be due to
Olea europea ability to boost antioxidant power or
decrease the oxidative stress or both [12]. Furthermore, total phenolic content was positively correlated with radical scavenging activity of olive leaf
extract [24]. Free radicals are able to induce oxidative damages in biomolecules through many reaction
mechanisms [37].
Our findings strongly suggest that galloyl, catechol, and catechin structures in OLE may have a
chelating effect on iron, that effect decrease excess
LURQWKDWERG\FDQ¶WJHWDEHQHILWRILt through hemoglobin synthesis. Hallberg and Hulthén [38] agree
with our results and recommended that the structure
of galloyl groups with their 3 contiguous hydroxyl
groups were found to be the principal, common
structure in polyphenols which bind iron. This binding occurs possibly by direct chemical binding, particularly of ferric iron, and maybe through chelating.
Our results of serum iron, TIBC (Table 2) imply that
using OLE as an oral iron chelator, inhibited iron absorption from the gastrointestinal tract, could prevent
iron overload without induction of anemia. Similar
results were reported by Morita et al. [39]. The
chlorogenic acid binds iron, but galloyl binds iron,
stronger than chlorogenic acid [38]. The iron chelating ability could be involved in the management of
oxidative stress-stimulated deteriorative disease like
diabetes [37]. Another mechanism was proposed that
beneficial effects of the olive leaf extract seem to be
due to the hydroxytyrosol, Oleuropein and hydroxytyrosol act as hypoglycemic compounds because
they stimulate glycogen synthesis in liver and restore
antioxidant defense system. Hence reduce the recurrence of oxidative stress-related to diabetes [40].
High effect of OLE on serum iron, and TIBC
may be due to oleuropein, which is a potent hypoglycemic and antioxidant agent and moderating oxidative stress that lessens free radicals [13]. Besides, it
enhances both enzymatic and non-enzymatic defenses in diabetes mellitus. Furthermore, using
oleuropein may be valuable in reducing the complications usually results from oxidative stress in diabetes mellitus [13]. Generally, studies have reported

Changes in ferritin, and transferrin of normal and diabetic rats. This study assessed body
iron stores as plasma ferritin. The results showed an
exponential level of ferritin and a moderate significant increase in transferrin level in the diabetic control group (Table 3). Ferritin has shown a 2.6 fold
increase in diabetic control rats from zero time to the
end of the experiment. However, a significant decrease (P < 0.05) of ferritin in diabetic rats treated
with OLE (122.57±7.23 ng/ml) compared to diabetic
control. The present results indicate that treatment
with OLE prevented the transferrin level from rising
in the plasma of diabetic treated group (104.37±1.55
nmol/L) compared to diabetic control group
(127.30±2.05 nmol/L) (Table 3). Transferrin level in
treated normal group (92.01±4.72) was very close to
normal group (94.20±1.81).
Higher levels of ferritin and transferrin were
correlated with type 2 diabetes, even amongst indiYLGXDO¶V VKRZHG QR VLJQV RI GLVWLQFW OLYHU GLVHDVH
obesity, inflammation, or high alcohol consumption
[44].
In the normal state, only a negligible amount of
SI is detected as non-transferrin bound iron NTBI
[44]. At the same time, in diabetic subjects without
iron overload, the iron-binding capacity of transferrin is more than adequate to highly bind the amount
of iron existing in serum [45]. On the contrary,
chronic hyperglycemia causes glycation of different
proteins like hemoglobin and transferrin, which
make the latter release iron into circulation. Hence,
the NTBI will increase with poorly-controlled diabetes type 2 and there is a strong positive correlation
between NTBI and severity of diabetes [46].

TABLE 3
Effect of aqueous extract of (Olea HXURSDHD FYµ3LFXDO¶leaves on ferritin level and transferrin level in different groups.
Groups

Ferritin ng/ml
Transferrin nmol/L
Zero time
10 weeks
Zero time
10 weeks
Normal Control
77.40±0.80aA
77.62±1.78cA
94.34±2.53aA
94.20±1.81cA
Diabetic Control
78.07±1.46aB
204.34±12.79aA
94.8±2.86aB
127.30±2.05aA
Normal rats treated with OLE
81.36±5.05aA
76.07±0.58cA
96.83±0.84aA
92.01±4.72cA
122.57±7.23bA
92.31±1.94aB
104.37±1.55bA
Diabetic rats treated with OLE
77.63±1.32aB
LSD 0.05
4.62
24.16
10.59
9.24
Values are represented as mean ±SEM. Each group contains 6 rats. The mean values with the different small letter within
a column indicate significant differences (p<0.05). The mean values with the different capital letter within a row indicate
significant differences (p<0.05).
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like HbA1c and GA is classified as diabetic glucotoxicity. It is produced under hyperglycemic stress
i.e. chronic hyperglycemia, and it is confirmed that
the (AGEs) generation pathway culminates on oxidative stress [50, 51]. Various mechanisms of action
and biochemical pathways for glucose toxicity have
been proposed. Among these, glucose autoxidation,
protein kinase C activation, formation and glycation
of methylglyoxal that lead directly to AGEs formation [50,51]. In the same context, Adefegha et al.
[42] suggest that postprandial increase in blood glucose is correlated with the elevated oxidative stress
that may be due to the progression of (AGEs), activation of protein kinase C, and stimulation of the polyol pathway. Moreover, chronic hyperglycemia
stimulates carbon stress, which can accelerate lipid
peroxidation [12, 51].
The detected antioxidant activity and defending
capability of olive versus lipid peroxidation are due
to the flavonoids epicatechin and phenolic acids gallic acid, ellagic acid, caffeic acid and chlorogenic
acid [36].
Chronic hyperglycemia rises toxicity on the
structure and function of organs and induces overproduction of superoxide which is responsible for
DNA strand breaks. In addition, the produced superoxide inhibits GAPDH activity, which in turn leads
to activation of AGE generation [50]. Binding of iron
to flavonoids can stop production of superoxide radical via suppression of iron reaction with oxygen
molecules [32]. Polyphenols have been known as redox-active compounds with comparably low toxicity
[52]. Also, phenolic compounds have displayed antioxidant properties which are the reduction of Fe3+
to Fe2+, chelation of iron, and radical quenching, so
they originally worked as AGEs inhibitors [37, 43,
and 53]. Thus, the reactions of generation of reactive
oxygen species share a certain degree of Fe2+/Fe3+ recycling. The process shows why binding of Fe3+ can
suppress oxidative stress in spite of that the radical
generating species is Fe2+ [32]. Hence, mending the
level of Fe element by medical interference may be
beneficial decreasing diabetes type 2 risks [54].

The conjugation between ferritin and transferrin with type 2 diabetes incident could be interpreted,
partially, by insulin resistance [44]. Moreover, high
serum ferritin within normal range positively associated with both metabolic syndrome and insulin resistance [45]. Olea europaea extract reduces insulin
resistance, and the mechanism may be through inhibiting mRNA expression of pro-inflammatory cytokines and raising of insulin receptor substrate 1 expression [47]. However, in subjects with diabetes
type 2 and clinically evident coronary artery disease
(CAD), the iron deficiency expressed as drained iron
stores and decreased iron accessible for metabolic
needs, obviously worsens prognosis; because in this
case, no large correlations was found between iron
indicators and indices of glycemic control or the insulin resistance severity [48].
Changes in hemoglobin, HbA1c and GA levels of normal and diabetic rats. The present study
indicated that HbA1c level increased significantly in
the diabetic group about three folds at the end of the
experiment (Table 4). However, the treatment of diabetic rats with OLE led to notice a significant decrease of the HbA1c level. Glycated albumin had the
same trend in the increase and decrease as HbA1c at
the end of the experiment. In the diabetic group, GA
YDOXHZDVWKHKLJKHVW ȝPRO/ 7KH
present study showed a constant level of hemoglobin
throughout the 10 weeks in all groups.
The results of this study were in agreement with
Wainstein et al. [41] who found a reduction of
HbA1c percentage in diabetic subjects treated with
OLE, and the mechanism of action they proposed,
was that OLE inhibited starch absorption, which led
to reduce blood glucose tolerance curves, which in
turn reduce formation of HbA1c. Another mechanism was suggested by Said et al. [49] that oleuroSHLQLQROLYHOHDYHVDFWVDVĮ-glucosidase inhibitors,
therefore, reduce the absorption of carbohydrates in
the intestine. Their results indicated a significant decrease in HbA1c values compared to classic diabetes
drugs and showed positive synergistic effect. Production of advanced glycation end-SURGXFWV³$*(V´

TABLE 4
Effect of aqueous extract of 2OHDHXURSDHD FYµ3LFXDO¶leaves on Hemoglobin, HbA1c, and
GA levels in different groups.
Groups
Normal Control
Diabetic Control
Normal rats treated
with OLE
Diabetic rats treated
with OLE
LSD 0.05

Hemoglobin mg/dL
Zero time
10 weeks
15.76±1.10aA
15.77±1.32aA
14.68±1.26aA
14.59±0.08aA
14.16±0.82aA
15.82±0.71aA

HbA1c %
Zero time
4.823±0.30aA
4.236±0.35aB
4.960±0.17aA

10 weeks
4.147±0.28cA
14.387±1.20aA
4.746±0.24cA

GA ȝPRO/
Zero time
714.23±46.58aA
739.75±33.62aB
763.33±72.70aA

10 weeks
777.56±70.65bA
1115.71±62.35aA
727.07±62.19bA

15.93±0.94aA

14.19±0.08aA

3.96±0.36aB

7.436±0.43bA

747.35±56.72aB

937.67±50.85abA

4.66

2.29

0.837

2.170

159.48

201.90

Values are represented as mean ±SEM. Each group contains 6 rats. The mean values with the different small letter within a
column indicate significant differences (p<0.05). The mean values with the different capital letter within a row indicate significant differences (p<0.05).
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which in turn stimulated iron release from transferrin
and increased cellular oxidative stress. Hence, SI
level elevated. Statistical analysis confirmed these
results, indicating a significant positive correlation
between both SI and HbA1C (r2 = 0.46, P  DQG
between SI and GA (r2 = 0.25, P  (Fig1 A and
B). Atari-Hajipirloo et al. [54] also found a positive
correlation between SI level and HbA1C. In addition,
SI elevation could have exerted a positive feedback
on ferritin synthesis. At the same time cell oxidative
stress induced by STZ, and high SI level may have
increased the release of iron from ferritin and caused
hyperinsulinemia and insulin resistance. Later,
insulin stimulated ferritin synthesis. Statistical analysis indicated a significant positive correlation between transferrin and HbA1C (r2 = 0.89, P   
and between transferrin and ferritin (r2 = 0.893
0.05) (Fig1 C and D).

We suggest that the effect of OLE may be due
to the combination of phenolic compounds present in
it. There is a synergic effect of the mix of phenolic
compounds in OLE that showed comparable or
greater antioxidant activities than the separate phenolic compounds oleuropein, and caffeic acid [5558]. The antioxidants from OLE may act synergistically with the body antioxidant system to defend
against many diseases related to free radicals such as
diabetes complications; heart diseases, neuro-disorders and other stress relevant disorders [36].
A Pearson product-moment correlation coefficient was computed to assess the relationship between different iron status parameters and glycated
proteins. The results suggest that 21 out of 28 correlations were statistically significant. It is submitted
that when diabetes was induced by STZ injection,
chronic hyperglycemia caused protein glycation,

FIGURE 1
Correlation between: A. serum iron (μg/dL) and HbA1c (%), B. serum iron (μg/dL) and glycated albumin
ȝPRO/ &WUDQVIHUULQ QPRO/ DQG+E$1C (%), and D. transferrin (nmol/L) and ferritin (ng/ml).

FIGURE 2
Correlation between HbA1c  $IHUULWLQ QJPO DQG%JO\FDWHGDOEXPLQ ȝPRO/ 
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[4] Khan, Y., Hamdy, O. (2017). Type 2 Diabetes
in the Middle East and North Africa (MENA).
In Diabetes Mellitus in Developing Countries
and Underserved Communities Springer International Publishing. pp. 49-61.
[5] Sánchez-González, C., López-Chaves, C., Trenzado, C. E., Aranda, P., López-Jurado, M.,
Gómez-Aracena, J., Montes-Bayón, M., SanzMedel, A. and Llopis, J. (2014) Changes in iron
metabolism and oxidative status in STZ-induced
diabetic rats treated with bis (maltolato) oxovanadium (IV) as an antidiabetic agent. Scientific World Journal 2014, 1±6.
[6] Simcox, J.A., and McClain, D.A. (2013) Iron
and diabetes risk. Cell metabolism 17, 329-341.
[7] Van Campenhout, A., Van Campenhout, C.,
Lagrou, A.R., Moorkens, G., De Block, C., and
Manuel-y-Keenoy, B. (2006) Iron-binding antioxidant capacity is impaired in diabetes mellitus. Free Radical Biology and Medicine 40,
1749-1755.
[8] Manikandan, A., Ganesh, M., and Silambanan,
S. (2015) Study of iron status in type 2 Diabetes
Mellitus. International Journal of Clinical Biochemistry and Research IJCBR 2, 77-82.
[9] Dulal, H.P., Lamsal, M., Sharma, S.K., Baral,
N., Majhi, S.S. (2014) Status of iron, oxidant,
and antioxidants in chronic type 2 diabetes
mellitus. Nepal Medical College Journal
(NMCJ) 16, 54-57.
[10] Mellor, K. M., Brimble, M. A., Delbridge L M.
(2015) Glucose as an agent of post-translational
modification in diabetes²New cardiac epigenetic insights. Life Sciences. 129, 48-53.
[11] Qadir, N. M., Ali, K.A., Qader, S.W. (2016) Antidiabetic Effect of Oleuropein from Olea europaea Leaf against Alloxan Induced Type 1 Diabetic in Rats. Brazilian Archives of Biology and
Technology. 59. e16150116. Epub May 24,
2016.
[12] Bencheikh, D., Khennouf, S., Bouaziz, A.,
Baghiani, A., Dahamna, S., Amira, S. and Arrar,
L. (2016) Antioxidant and Antidiabetic Activities of the Methanolic Extract of Olea europaea
L. Leaves in Streptozotocin-Induced Diabetes in
Rats. International Journal of Pharmacognosy
and Phytochemical Research IJPPR 8, 13471357.
[13] Al-Azzawie, H.F., and Alhamdani, M.S.S.
(2006) Hypoglycemic and antioxidant effect of
oleuropein in alloxan-diabetic rabbits. Life
Sciences 78, 1371-1377.
[14] Abu-zaiton, A., and Abu-Albasal, M.A. (2012)
Water decoction of olive leaf reduces blood glucose in normal and alloxan diabetic rats. In International Conference on Medical, Journal of
Pharmacy and Pharmaceutical Sciences 18, 100102.

Furthermore, a strong significant positive correlation
was found between ferritin and HbA1C (r2 = 0.903
0.05) (Fig2 A). Maheshwari et al. [59], verified a
positive correlation among ferritin and HbA1C. Evidence has accrued on the clinical importance of GA
as a glycemic index. Though, the ideal use of GA as
a glucose observing tool has not been completely inspected. A strong correlation was also found between
HbA1C and GA (r2 = 0.693  )LJ% $SRV
itive correlation among HbA1C and GA was proved
by Yoon et al. [60]. As TIBC level indicates the potential capacity of transferrin molecules to bind with
SI, and because of protein glycation, the ability of
transferrin to safely bind serum iron is impaired. So,
TIBC was expected to be low, and a negative correlation was specified among TIBC and SI (r2 = 0.29,
3 5HVXOWVRI.DSRRUDQG6KDUPD [35], exhibited a positive correlation between SI and TIBC.
On the other hand, the correlations of Hb with other
iron status measures and protein glycation measures
were not significant.

CONCLUSION
Olea europaea extract showed an ameliorative
effect on the diabetic state by affecting metabolism
in three directions, chelating iron, controlling oxidative stress resulting from iron imbalance, and reducing protein glycation. Therefore, using OLE as a
pharmaceutical product can be useful to diabetic individuals. At the same time, it will be a less costly
and safer than using organic solvents.
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of modern method use was 37.7% [2]. Despite these
changes, the rate of contraceptive use in eastern Turkey is lower than the overall rate in Turkey (any
method, 62.2%; modern methods, 39.2%) [1]. There
are also regional variations in fertility rates; Eastern
Turkey has a high fertility rate (3.41), while Central
Turkey has the lowest rate as 1.89 [1].
Globally contraceptive use has increased
worldwide, the rate of use of modern methods has
increased to 57.4 % in 2014 [3]. Regionally, according to United Nations Department of Economic and
Social Affairs Population Division Fertility and
Family Planning section the rate of use of any contraceptive method and modern method in Iran is
77.4% and 57%, in Iraq it is 52.5% and 35,9%, in
Syria it is 53,9% and 37,5%, in Armenia it is 54.9%
and 26.8%, in Greece it is 76.2% and 45.9% respectively [4]. Eastern Turkey has lower rates of contraceptive use compared to Iran and Greece.
Worldwide, a variety of individual and community level determinants affect contraceptive use.
These determinants can significantly differ across regions. The availability of family planning services,
appropriate counseling and access to modern methods are important determinants [5,6]. The choices of
contraceptives by women and men are affected by
demographics, culture, socioeconomic status, education, religion, side effects of the methods, misconceptions, and myths [6-13]. The goal of the present
study was to investigate the prevalence and the factors that are related to the use of contraception and
the choice of contraceptive methods among men and
women in eastern Turkey.

ABSTRACT
A variety of individual and community level
determinants affect contraceptive usage. Traditionally the researches focus on women. The aim of this
study was to investigate the prevalence and factors
that are related to the use of contraception and the
choice of contraceptive method among men and
women in eastern Turkey which has a high fertility
rate. The randomly selected study respondents were
privately interviewed face-to-faces. A total of 3292
(676 men and 2616 women) respondents between 15
and 50 years of age were interviewed. The prevalence of the use of any form of family planning was
74%. Male condoms were used by 22.9% of the respondents, followed by intrauterine devices (16.7%),
oral contraceptives (13.7%) and withdrawal (13%).
Lower education level, maternal age at first birth, belief that lactation protects against getting pregnant,
incorrect knowledge about contraceptive methods
and efficacy were significantly associated with a
preference for using less effective traditional methods (p < 0.05). Governments should focus on increasing the education level of men and women, creating greater awareness of family planning methods
and their side effects, and increasing male involvement, which can decrease male opposition and thus
increase rates of contraceptive use.
KEYWORDS:
Family planning services, Contraceptive use, Determinants, Eastern Turkey

INTRODUCTION

MATERIALS AND METHODS

Turkey has achieved a considerable increase in
contraceptive use. The total fertility rate was 4.33 in
1978 and the current rate has decreased to 2.26 [1].
Currently, the prevalence of the use of any method
and of modern methods is 74% and 47%, respectively [1]. In 1998, the prevalence of the use of any
contraceptive method was 63.9%, and the prevalence

The study was a cross-sectional study performed at family health care centers located in Van
in eastern Turkey. The study was approved by the
ethics committee of Medical School of Van Yüzüncü
<ÕO8QLYHUVLW\DQGWKH3URYLQFLDO+HDOWK'LUHFWRUDWH
of Van, Turkey. Consenting men and
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group of trained nurses with a pretested semistructured questionnaire that included 27 questions.
,QIRUPDWLRQ ZDV FROOHFWHG RQ PHQ¶V DQG ZRPHQ¶V
contraceptive use practices and sociodemographic
characteristics (e.g, marital status, number of children, age, education, employment, and total household income). To encourage the respondents to provide honest answers, the anonymity and confidentiality of the questionnaire were emphasized at the
start of the interview.
The data for each person were recorded in a
computer database. Statistical analysis was performed using SPSS version 17. Logistic regression
analysis was performed to identify the variables that
were significantly correlated with the use of traditional or modern contraceptive methods. A proportion test was used to compare certain variables in
terms of rates. A value of p <0.05 was considered
statistically significant.

women between the reproductive ages of 15 and 50
years were included in the study. Inclusion criteria
was being sexually active and not planning pregnancy, exclusion criteria was being pregnant, planning pregnancy, having infertility treatment, surgical
removal of uterus, ovary, testis and/or being sterile.
Determination of Sample Size. Based on literature, public knowledge level on contraceptive usage was assumed as %50. Accordingly; using the
equation ݊ ൌ ሾ ݖଶ ሺͳ െ ሻሿΤ݀ ଶ with a confidence
coefficient of 95% and effect size of 1,25%, sample
size was determined as 3136. Considering sample involvement and sample exclusion factors, however,
survey was run on 3292 people. We randomly selected respondents using health center records during
medical visits by filliping coin. The study respondents were privately interviewed face-to-face by a

TABLE 1
Socio-demographic characteristics of the respondents
Variable
Sex (n:3292)
Male
Female
Age group (n:3115)
16-21 years
22-28 years
29-35 years
36-42 years
43-50 years
Education (n:3143)
None
Primary School (5years)
Secondary School (3years)
High School (3years)
University
Other
Level of income (n:3011)
Less than 500 TL/month
500±1000 TL/month
1000±2000 TL/month
More than 2000 TL/month
Type of house(n:3054)
Apartment
House
Rural
Living with parents(n:3225)
Yes
No
Age of marriage (n:3119)
16-21 years
22-28 years
29-35 years
36-42 years
43-50 years
Maternal age at first birth (n:2738)
16-21 years
22-28 years
29-35 years
36-42 years
43-50 years
Getting information about family planning from health
care workers (n:3225)
Yes
No
Arranged marriage (n:3188)
Yes (By their elders)
No

Traditional
methods(%)

Frequency

Percentage(%)

Modern
methods(%)

676
2616

20.5
79.5

53.9
61.6

15.3
13.5

175
935
921
588
496

5.6
30.0
29.6
18.9
15.9

37.7
58.9
68.2
66.5
47.2

15.4
15.3
12.8
11.9
13.9

828
981
389
471
425
49

26.3
31.2
12.4
15.0
13.5
1.6

48.4
60.1
62.0
70.5
70.1
57.1

15.5
15.2
13.1
12.7
8.9
16.3

565
1143
914
389

18.8
38.0
30.4
12.9

45.8
58.3
70.2
68.6

17.7
14.4
12.4
9.8

1156
1623
275

37.9
53.1
9.0

69.8
55.4
47.6

12.6
14.3
14.2

1060
2082

33.7
66.3

54.7
41.7

16.0
8.4

1848
1153
107
9
2

59.2
37.0
3.4
0.3
0.1

58.0
64.7
55.1
11.1
50.0

14.6
11.8
15.0
33.3
50.0

1364
1181
179
12
1

49.8
43.1
6.5
0.4
0.0

58.3
67.8
65.4
25.0
100.0

15.7
12.1
11.2
41.7
-

1563
1662

48.4
51.6

62.9
53.4

11.0
15.5

1880
1308

59.0
41.0

54.6
68.6

15.5
11.4
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to use of contraceptive methods. The prevalence of
the use of any form of contraceptive method (either
modern or traditional) was 74% among the participants. The rate of modern method use was 60%, and
the rate of traditional method use was 14% (mainly
the withdrawal method). Male condoms were used
by 22.9% of the respondents; this was followed by
the use of intrauterine devices (16.7%), oral contraceptives (13.7%) and withdrawal (13%) (Table 2).
While 6.5% (211/3292) of the respondents believed
that contraceptive methods were unnecessary, the remaining participants stated that there was a need for
the methods. However, only 48.4% of the respondents obtained their knowledge on contraceptive
methods from health care workers (Table 1).

RESULTS
Two thousand six hundred and sixteen women
and 676 men were interviewed. The ages of 59.6%
of the respondents were between the ages of 22 and
35 years. Almost one third the respondents were illiterate; 26.3% (32% of females and 7% of males)
and the majority lived in urban areas. The marriages
of 59% (1880/3292) of the respondents had been arranged by elders, and 57% of the female respondents
stated that they had their first child between the ages
of 15 and 21 years (Table 1).
The prevalence and factors that are related

TABLE 2
Contraceptive methods used by the respondents living in Eastern Turkey.
FP method (n:3155)
Rate of using FP method
Modern method (n:1895)
Condoms
IUD
Oral contraceptive pill
Surgical sterilization
Injectable
Diaphragm
Implants
Traditional method (n:437)
Withdrawal
Calendar
Rate of not using FP Method

Frequency
2332

Percentage (%)
73.9

723
528
431
131
45
23
14

22.9
16.7
13.7
4.2
1.4
0.7
0.4

410
27
823

13.0
0.9
26.1

TABLE 3
Results of logistic regression analysis.
Variables
Maternal age at first birth
16-21 years (ref)*
22-28 years
29-35 years
36-42 years
43-50 years
Getting information about family planning from
health care workers
Yes (ref)*
No
The importance of a SDUWQHU¶VRSLQLRQRQFRQWUDFHS
tive methods and having children
No (ref)*
Yes
Believed that breastfeeding was a family planning
method
No (ref)*
Yes
Knowledge about FP method
To protect the health of the mother and the child (ref)*
To limit the number of children according to couples resources
To avoid unwanted pregnancies
Did not know what family planning was
Knowledge on why family planning methods are used
Improve the family's welfare and standard of living (ref)*
Prevention of population growth
To raise the level of education
Not know why were these methods used
All

B

St. Error

p value

Odds Ratio

95 % CI
Lower

Upper

-0.231
-0.214
2.214
-19.301

0.204
0.410
0.993
40.970

0.126
0.256
0.601
0.026
1.000

0.793
0.807
9.151
0.000

0.532
0.361
1.306
0.000

1.183
1.803
16.094
.

0.396

0.139

0.004

1.487

1.133

1.951

-0.440

0.201

0.029

0.644

0.434

0.955

-0.304

0.136

0.026

0.738

0.566

0.964

0.067

0.169

0.691

1.069

0.768

1.489

-0.404
-0.454

0.222
0.261

0.049
0.082

0.667
0.635

0.432
0.380

1.032
1.059

0.352
0.154
0.319
0.081

0.195
0.237
0.252
0.208

0.427
0.042
0.516
0.204
0.697

1.421
1.167
1.376
1.084

0.969
0.732
0.841
0.721

2.084
1.858
2.253
1.631

0.052

* The first category was taken as reference category.
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care providers. Therefore, the source of information
is an important factor in the use of modern methods
(p < 0.01). Obtaining information about contraceptive methods from health care providers was significantly related to the number of children (p < 0.01);
those who obtained knowledge about contraceptive
methods from health care institutions were more
likely to have fewer children. There was a significant
relationship between knowledge about the optimal
birth interval and the use of modern methods (p <
0.05). The rate of modern method use was 80%
among those who stated that the optimal interval between pregnancies should be 1 year versus 86%
among those who stated that this interval should be
2 years (Table 1).
Regarding contraceptive method choice, 21.6%
of female respondents reported male condom use,
followed by intrauterine devices (17.6%), oral contraceptives (15.6%), withdrawal (12.6%), tubal ligation (4%), injectable hormonal contraceptives
(1.8%), the calendar method (0.9%), diaphragms
(0.6%), and implants (0.4%). In contrast, male condom use was reported by 28% of the male respondents; this was followed by withdrawal (14.6%), intrauterine devices (13.4%), oral contraceptives (6%),
tubal ligation (4.9%), diaphragms (1.3%), implant
(0.5%) and the calendar method (0.6%). Figure 1
summarizes the contraceptive methods used by the
female and male respondents.

Logistic regression analysis. Variables that
significantly correlated with the use of less effective
traditional methods: The odds of preferring traditional methods were 1.36-fold higher among those
who believed that lactation protected against pregnancy than among those who did not share this belief
(OR:0.738; 95% CI: 0.566-0.964) (p = 0.026). The
odds of preferring traditional methods were 1.5-fold
higher among those who believed that family planning methods were only used to avoid unwanted
pregnancies than among those who believed that
they protect the health of the child and mother (OR:
0.667;95% CI: 0.432-1.032) (p = 0.049). The odds
of preferring traditional methods were 1.4-fold
higher among those who stated that contraceptive
methods were only used for the prevention of population growth than among those who believed that
they improved the family's welfare and standard of
living (OR: 1.4;95% CI: 0.969-2.084) (p = 0.042).
There was a statistically significant relationship between the preference for traditional methods and maternal age at first birth (p = 0.026). The odds of preferring traditional methods were 9-fold higher
among individuals 36-42 years of age than among
individuals 15-21 years of age (OR: 9.151; 95% CI:
1.3-16.4). Obtaining information about contraceptive methods from health care providers was another
statistically significant variable related to the preference of traditional methods (p = 0.004). Accordingly, the odds of preferring traditional methods
were 1.5-fold higher among those who did not obtain
information about contraceptive methods from
health institutions than among individuals who did
(OR:1.487; 95%CI: 1.133-1.951). Similarly, anVZHUVUHJDUGLQJWKHLPSRUWDQFHRIDSDUWQHU¶VRSLQ
ion on contraceptive methods and having children
were also significantly related to the preference for
traditional methods (p = 0.029). The odds of preferring traditional methods were 1.56-fold higher
DPRQJWKRVH ZKRVWDWHGWKDW D SDUWQHU¶VRSLQLRQLV
not important than among individuals who stated
that it is important (Table 3).
Education level was significantly correlated
with the use of traditional methods (p < 0.05). The
rate of traditional method use was 9% among university graduates and approximately 15% among graduates of high school or below. Accordingly, the rate
of traditional method use among university graduates was approximately half that among primary,
secondary and high school graduates. Obtaining information from health care providers significantly
differed according to education level (p < 0.01). As
education level increased, the rate of obtaining information from health care providers also increased
(Table 1).
Among the individuals who obtained information related to contraceptive methods from health
care providers, the rate of using traditional methods
was 11.2%; in comparison, the rate was 16% among
those who did not obtain information from health

The comparisons of sociodemographic variables and knowledge about contraceptive methods according to sex of the respondent. There was
statistically significant difference in age of marriage
between the males and females. The rate of marriage
between the ages of 15 and 21 years was 67% among
the women and 29.3% among the men; the rate of
marriage between the ages of 22 and 28 years was
30.9% among the women and 59.5% among the men
(p < 0.01). The source of knowledge about contraceptive methods significantly differed between the
men and women; 52% of the women and 34.6% of
the men stated that they received information about
family planning from health care institutions (p <
0.01). Similarly, belief about the importance of a
SDUWQHU¶VRSLQLRQRQFRQWUDFHSWLYHPHWKRGVDQGKDY
ing children significantly differed between men and
women (p < 0.01). Overall, 16.4% of males and 7.8%
of femaOHVVWDWHGWKDWWKHSDUWQHU¶VRSLQLRQZDVQRW
important. Conversely, 83.6% of men and 92.2% of
ZRPHQ VWDWHG WKDW WKH SDUWQHU¶V RSLQLRQ ZDV LP
portant. Additionally, 20.2% of the women and
27.4% of the men believed that family planning is
used to protect the health of the mother and child,
and 20.3% of the women and 14.1% of the men
stated that that they did not know what family planning was. Based on these data, the women were
found to be significantly, but only slightly, less
knowledgeable than men (p < 0.01). In total, 41.2%
of the males 35.2% of
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FIGURE 1
Distribution of contraceptive methods used by the female and male respondents.
TABLE 4
Comparison of men and women's variables and knowledge on contraceptive methods.
Men
n:636
N(%)

Women
n:2519
N(%)

343(53.9)
97(15.3)
196(30.8)

1552(61.6)
340(13.5)
627(24.9)

194(29.3)
394(59.5)
66(10.0)
6(0.9)
2(0.3)

1731(67.0)
799(30.9)
48(1.9)
4(0.2)
-

230(34.6)
435(65.4)

1338(52.0)
1234(48.0)

< 0.01

560(83.6)
110(16.4)

2403(92.2)
203(7.8)

< 0.01

182(27.4)
94(14.1)
69(10.4)
320(48.1)

527(20.2)
529 (20.3)
476(18.2)
1077(41.3)

Not support abortion for unwanted pregnancies

274(41.2)
86(12.9)
117(17.6)
61(9.2)
127(19.1)
423(63.9)

918(35.2)
546(20.9)
472(18.1)
280(10.7)
392(15)
1751(67.2)

Knowledge about the birth interval
Should be at least 2 years between pregnancies
The duration of the interval was not important
Lack of information on this issue

494(74.5)
72(10.9)
52(7.8)

1946(74.6)
256(9.8)
236(9.1)

> 0.05

Believed that breastfeeding was not a family planning method

390(59.6)

1560(60.2)

> 0.05

356(54.6)
296(45.4)

1524(60.0)
1012(40.0)

> 0.05

90(13.5)
485(72.6)
93(13.9)

121(4.7)
2091(80.5)
387(14.9)

< 0.01

523(78.6)
77(11.6)
65(9.8)

2230(85.6)
230(8.8)
145(5.6)

< 0.01

Variable
Methods used
Modern methods
Traditional methods
Not using FP method
Age of marriage
16-21 years
22-28 years
29-35 years
36-42 years
43-50 years
Getting information about family planning from Health care workers
Yes
No
Importance of partners opinion on FP Method
Yes
No
Knowledge about FP method
To protect the health of the mother and the child
Did not know what family planning was
To avoid unwanted pregnancies
To limit the number of children according to couples resources
Knowledge on why family planning methods are used
Improve the family's welfare and standard of living.
Not know why were these methods used
Prevention of population growth
To raise the level of education
All

Arranged marriage
Yes (By their elders)
No
Is there need for family planning services?
No need for family planning services
Need for family planning services
Not know whether these services were necessary or not.
Expressed that excessive number of births were harmful to women's health
Yes
No
Lack of information on this issue
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population included in the current study, the respondents were mainly from urban areas in eastern
Turkey. Based on these results, more emphasis
should be placed on rural regions of eastern Turkey
to increase the success of family planning policies
and programs because the higher fertility rate and
lower rate of family planning method use in eastern
Turkey likely results from lower levels of utilization
in the rural regions.
The preference for the use of modern methods
slightly differed from that in other regions of Turkey.
Interestingly, male condoms were used by 22.9% of
the respondents, followed by intrauterine devices
(16.7%), oral contraceptives (13.7%) and withdrawal (13%). Male condom use was reported by
21.6% of female respondents, followed by the use of
intrauterine devices (17.6%), oral contraceptives
(15.6%), and withdrawal (12.6%). In contrast, 28%
of the male respondents reported the use of male condoms, followed by the use of withdrawal (14.6%),
intrauterine devices (13.4%) and oral contraceptives
(6%). The rate of tubal ligation was similar (4-4.9%)
between the two groups, and none of the respondents
reported using male surgical sterilization (Figure 1).
The highest rate of male condom use is reported as
17.4% in western Turkey by the Ministry of Health
[1]. High preference of male condom use needs investigation with further studies.
The prevalence of traditional method use was
9% among university graduates versus 15% among
graduates of high school and below. Accordingly,
the rate of traditional method use among the university graduates was approximately half that among
the primary, secondary and high school graduates (p
< 0.05). Consistent with the findings of prior studies,
there was an inverse relationship between education
level and the use of traditional methods [1]. As education level increased, the rate of obtaining information from health care providers also increased (p
< 0.01). Our findings are consistent with the results
of a study by Wu (2010), who found that most of the
respondents (93.5%) considered family planning
methods to be necessary, but only 48.4% obtained
their knowledge about contraceptive methods from
health care workers [14]. In the current study, when
the source of knowledge about contraceptive methods was a health care provider, the rate of modern
method use was 89%; the rate was 84% among the
respondents who did not obtain their information
from health care providers (p<0.01). Therefore, education level and source of information are important
determinants of modern method use. In addition,
those who obtained their knowledge about contraceptive methods from health care institutions were
more likely to have fewer children [1,8,9,11,16].
Preferring traditional methods were 1.5-fold higher
among the individuals who did not obtain information about contraceptive methods from health institutions than among those who did (p = 0.004). Although the rate of traditional method use is declining,

the females stated that family planning methods are
used to improve the family's welfare and standard of
living; 20.9% of the women and 12.9% of the men
stated that they did not know why the methods were
used. Based on these data, the women had significantly less knowledge about the purpose of family
planning methods than did the men (p < 0.01). In the
study cohort, 67.2% of the women and 63.9% of the
men expressed that they did not support abortion for
unwanted pregnancies; the difference was not statistically significant (p > 0.05). Regarding the optimal
birth interval, 74.5% of the men and 74.6% of the
women stated that there should be at least 2 years
between pregnancies; 9.8% of the women and 10.9%
of the men stated that the duration of the interval is
not important; and 9.1% of the women and 7.8% of
the men stated a lack of knowledge on this issue.
However, these differences in knowledge about the
birth interval were not statistically significant (p >
0.05). Overall, 59.6% of the men and 60.2% of the
women believed that breastfeeding is not a family
planning method; the difference was not statistically
significant (p > 0.05). The proportions of men and
women who were not using any family planning
method were 30.8% and 24.9%, respectively, and the
rates of traditional method use among the men and
women were 15.3% and 13.5%, respectively; these
differences were not significant (p > 0.05). The rates
of arranged marriage among the women and men
were 60% and 55%, respectively; the difference was
not statistically significant (p > 0.05). While 4.7% of
the women and 13.5% of the men believed that there
is no need for family planning services, 80.5% of the
women and 72.6% of the men stated that these services are necessary; these differences were statistically significant (p < 0.01). However, 14.9% of the
women and 13.9% of the men answered that they did
not know whether the services are necessary. Finally, 85.6% of the women and 78.6% of the men
expressed that an excessive number of births is
harmful to a woman's health; the difference was statistically significant (p < 0.01) (Table 4).

DISCUSSION
The results of the present study revealed that
the use of contraceptive methods in urban areas of
eastern Turkey is like that in the western regions of
Turkey; the rate of the use of any method in the western regions of Turkey is 75.7% [1]. The prevalence
of the use of any form of family planning method
(either modern or traditional) was 74% among the
participants of this study. The rate of modern method
use was 60%, and the rate of traditional method use
was 14% (mainly withdrawal). The rate of modern
method use is high and traditional method use is
lower than the rate reported by the Ministry of Health
[1]. This discrepancy probably resulted from the
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using any method of family planning, and the rates
of traditional method use among the men and women
were 15.3% and 13.5%, respectively; the differences
were not statistically significant (p > 0.05). In this
study, 85.6% of the women and 78.6% of the men
expressed that excessive number of births is harmful
to a woman's health. The proportions of women and
men who stated that there is a need for family planning services were 80.5% and 72.6%, respectively,
and 52% of the women and 34.6% of the men stated
that they received information about family planning
from health care institutions (p < 0.01, p < 0.01).
However, based on these data, the women had significantly, but only slightly, less knowledge about
the effects of contraceptive methods compared to the
men. The pDUWQHU¶VRSLQLRQ on contraceptive methods and having children was significantly more important to the women than it was to the men (p <
0.01). The rates of arranged marriages among the
women and men were similarly high (60% and 55%,
respectively), which indicates that social and cultural
structures with modern and traditional lifestyles coexist within the study population. The proportion of
respondents who lived with extended families was
high. Family ties in traditional societies are strong
and influential regarding the formation of values, attitudes and goals. Men usually make the decisions in
many aspects of life, and the role of men in decisionmaking and support has been instrumental in the success of family planning programs [16,17].
The study has some weaknesses and strengths.
A limitation of this study was that the respondents
were mainly from urban areas in eastern Turkey and
the respondents were recruited from medical centers.
The results cannot be generalized to women who
have limited access to medical care and who live in
rural areas. There are also some missing values. But
the data is collected from a large sample size and this
generally allows more reliable comparison which is
a strength of the study. Unlike many other studies
which only focus on women the study also focused
on men and information obtained from face to face
interviews provide more reliable data to determine
the determinants.

withdrawal continues to be the most commonly used
method in the studied region. An understanding of
physiology is important when using such less effective methods. Therefore, strategies that increase the
role of health care providers as the source of information would be a logical approach toward further
decreasing the rate of traditional method use.
Maternal age at first birth, information about
contraceptive methods from sources other than
health care workers, belief that lactation protects
DJDLQVWSUHJQDQF\LPSRUWDQFHRIWKHSDUWQHU¶VRSLQ
ion on contraceptive methods and having children,
knowledge about the purpose of family planning
methods and their effects were significantly association with a preference for less effective traditional
methods (p = 0.026, p = 0.004, p = 0.026, p = 0.029,
p = 0.042). Having children at a younger age was
significantly associated with a preference for modern
methods (p = 0.026). Preferring traditional methods
were 9-fold higher among the individuals who had
their first child between 36 and 42 years of age than
among those who had their first child between 15 and
21 years of age. The study revealed that 59% of the
respondents were married between the ages of 15
and 21 years. Young age at first birth can restrict the
education and economic opportunities of women; it
can also impact the health and welfare of women.
Policies should be implemented to decrease this rate.
Preferring traditional methods were 1.56-fold higher
amRQJWKRVHZKRVWDWHGWKDWWKHSDUWQHU¶VRSLQLRQLV
not important than among those who stated that it is
important (p = 0.029). Similar to the findings of prior
studies, the present study showed a positive association between discussion and agreement between couples regarding family size and family planning methRGVEHOLHIWKDWWKH SDUWQHU¶V RSLQLRQRQFRQWUDFHS
tive methods and having children is not important
was significantly associated with a preference for
traditional methods. [15-17]. There was a significant
relationship between knowledge about the optimal
birth interval and modern method use; the rate of
modern method use was 80% among those who
stated that the optimal interval between pregnancies
should be 1 year versus 86% among those who stated
that the optimal birth interval should be 2 years (p <
0.05).
Men were included in the study to explore the
differences in perceptions and practices of contraceptive method use between men and women and to
ascertain the reasons for any differences. The rate of
marriage between the ages of 15 and 21 years was
67% among the women and 29.3% among the men;
the rate of marriage between the ages of 22 and 28
years was 30.9% among the women and 59.5%
among the men (p < 0.01). These findings show that
women get married at younger ages compared to
men. Overall, 67.2% of the women and 63.9% of the
men expressed that they did not support abortion for
unwanted pregnancies (p > 0.05). Additionally,
30.8% of the men and 24.9% of the women were not

CONCLUSIONS AND IMPLICATIONS
Lower education level, maternal age at first
birth, information about FP methods from sources
other than health care workers, belief that lactation
protects against pregnancy, importance of the partQHU¶VRSLQLRQRQFRQWUDFHSWLYHPHWKRGVDQGKDYLQJ
children, and knowledge about the purpose of family
planning methods and their efficacy were significantly associated with a preference for using less effective traditional methods in eastern Turkey. Governments should focus on increasing education levels and creating greater awareness of family planning methods and their side effects by expanding
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family planning services to promote health care providers as the preferred source of knowledge. The appropriate and consistent use of family planning
methods is influenced by the availability of sufficient information on the methods and their side effects as well as the beneficial reasons for using family planning methods. Educational programs related
to family planning methods should be appropriate
for both men and women. A greater awareness of
contraception should be promoted among men because their personal perspectives are essential in the
planning and implementation of reproductive health
care. There is no doubt that proper counseling is the
most important factor in achieving the objectives of
family planning programs. Appropriate counseling,
usually provided by nurses, midwives and physicians, can help clients select the most efficient
method. For family planning programs to be successful, there should also be emphasis placed on rural regions, the involvement of men in decision-making,
FRXSOHV¶GLVFXVVLRQV about contraception and a partQHU¶VVXSSRUWLQHPSRZHULQJZRPHQWRPDNHDSSUR
priate choices.
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DETERMINING THE ENERGY USAGE EFFICIENCY OF
DIFFERENT SOIL TILLAGE METHODS AND NO-TILL
METHOD IN AFTERCROP BEANS PRODUCTION
Yilmaz Bayhan, Ilker H Celen*, Eray Onler
University of Namik Kemal, Faculty of Agriculture, Department of Biosystem Engineering, 59030, Tekirdag, Turkey

zero-tillage in terms of machine investment, maintenance-repair and labor. Studies have revealed in general that conservation tillage and no-till increased energy efficiency by 25-100% and reduced the need for
energy by 15-50% [2].
Energy output/input analyses are usually conducted with the aim of energy efficiency and its environmental aspects. Low output/input ratios indicate that the inputs are not used efficiently. Inefficient usage of inputs brings various problems. Irresponsible pesticide and fertilizer usage leads not
only to environmental harm but also to wastage of
inputs [18].
In order to increase the value of energy efficiency, it is required to either increase yield or reduce inputs. Especially the inputs that take a large
share in the total energy input, fuel, chemical fertilizers, pesticides, machine and tractor inputs should
be reduced. Efficiency increase may be achieved
within some limits. However, reduction of energy efficiency needs responsible structuring of inputs (pesticide usage, mechanization and fertilization) [19].
This study aimed to determine the energy outcomes of 3 different soil tillage methods and no-till
method in aftercrop beans production.

ABSTRACT
This study presented the energy usage efficiency of 3 different soil tillage method and no-till
method in aftercrop beans production. As a result,
the value of specific energy was found as 1.63 MJ/kg
in No-till, 1.80 MJ/kg in Rotary tiller + drilling
(ROT), 2.01 MJ/kg in Disc harrow + rotary tiller +
roller + drilling (HD+ROT), and 3.36 MJ/kg in Disc
harrow + drilling (DT). The energy output/input ratio was obtained as 9.01 in no-till, 8.16 in ROT, 7.32
in HD+ROT and 4.38 in DT. It was found that the
highest share in the total input energy in all methods
was held by fertilizer energy, while fuel-oil had the
second place.

KEYWORDS:
Soil tillage, No-till, beans production, energy usage efficiency.

INTRODUCTION
In agricultural production, in addition to profitability, environmental, economic, social and agronomic dimensions should also be accounted for and
balanced. It is important in the production process to
protect especially the natural resources that are nonrenewable or those that take long time to renew, and
reduce environmental pollution.
Substantial changes are needed in soil tillage
practices in the world due to development of environmental awareness, demands of sustainability and
economy, and increased costs in energy and labor.
This necessity has led to the prevalence of conservation tillage methods.
With soil tillage, it is possible to bring soil to
an appropriate state for growing cultivars. The damage in nature that is caused by irresponsible and excessive soil tillage is highly significant. Intense soil
tillage and isolation of soil surface from plant residues lead to compression of the soil, loss of organic
matter and erosion.
Traditional soil tillage requires higher inputs in
comparison to conservation tillage and especially

MATERIALS AND METHODS
Material. (1) Definition of the Research
Area. The pre-trial for this study was conducted in
2012, and this study was carried out in 2013 in the
implementation area of the Institute for Viticulture
Research. The altitude of the research area is 5 m,
and it is located in the coordinates of 40° 59' 30.86"
N and 27° 35' 4.13" E. It was found that the center
content of the disturbed soil samples taken from a
depth of 0-30 cm in the field where the trial was
made was clay (31.9% sand, 38.8% silt and 29.3%).
In the study area, sunflower and wheat sowing alternation has been carried out for years as the traditional production pattern of the region of Thrace.
The trials were set up after the wheat harvest.
(2) General Climate Characteristics of the
Research Area. In the research area located at a
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3- Heavy-duty disc harrow + rotary tiller +
Cambridge roller+ pneumatic spacing drill
(HD+ROT);
4- No-tillage; seeding by direct drill (NT).
In order to eliminate the effects of sowing techniques on different soil tillage methods, the same
pneumatic precision drill was used in all methods except the no-till method. In the plots, sowing depth
was 50 mm, row spacing was 450 mm, and intrarow
distance was 160 mm, and the sowing operation was
carried out to place approximately 13,888.89 plants
per decare. Herbicide application was done in all
plots with the same method and at the same time.
During the sowing operation in the trial, 20-20-0
compound fertilizer was fed to the soil by 20 kg/da
as bottom fertilizer. 0.80 g/da insecticide was used
in the study. The trial used hoeing 2 times by the
tractor and one time by hand, while irrigation was
carried out 3 times during the production season.
The trials were carried out with 3 replications
and in compliance with the random plots trial design
[9] [10] [13]. The trials were run with 3 replications
at 12 plots with dimensions of 8.4x50 meters.

semi-arid climate zone, the average annual temperature is 13.9 0C, while the coldest month is January by
4.5 0C and the warmest month is July by 23.8 0C in
terms of monthly temperature averages. The average
annual precipitation is 563.4 mm. The highest
amounts of precipitation are seen in the months of
October and February.
(3) Characteristics of the Variety of Beans
Used in the Study. The study used the variety of
early-riser shrub beans developed from the Gina Romano variety of the firm MAY. This variety of green
beans has flatter beans, is green-colored and spineless.
(4) Tools and Machines Used in the Study.
Some characteristics of different soil tillage tools
and machines are given below.
Goble Disc Harrow. Towed type, hydraulic
operation, 26 discs, tandem type.
Rotary tiller. Mounted type, 1900 mm operation width, 30 rotating claws, with a compressing
roller.

(2) Energy Equivalents of Inputs and Outputs in Agricultural Production. In order to be able
to calculate the energy efficiency of aftercrop beans
production, energy inputs and outputs should first be
calculated. Energy inputs consist of machine energy,
fuel-oil energy, seed energy, fertilizer energy, pesticide energy, water energy and labor energy. In order
to calculate the energy input and output, the energy
equivalents of input and output types mush be
known. Previous studies were utilized while determining these energy equivalents. These sources are
shown in Table 1. The calculation of labor accounted
for one driver + helper in sowing, pesticide application, fertilizer application processes, 3 people in harvest processes, and one person/driver for other processes handled by the tractor.

Roller. The roller used in secondary soil tillage
practices; towed by tractor, Cambridge type, 2000
mm operation width.
Pneumatic Precision Drill. The drill is of a
mounted domestic type and has four rows, works
based on vacuum principle and has a fertilizing function. $GMXVWPHQW RI WKH PDFKLQH¶V URZ GLVWDQFH LV
achieved by changing the number of holes on the
sowing disc or changing the revolution rate of the
disc by replacing gears. The groove opening structure of the machine has chopping legs, depth adjustment control mechanism and rubber compression
wheels.
No-till Machine. Towed, 2800 mm operation
width, mechanical sowing parts, grooved sowing
disc. The machine has 16 sinking legs with discs and
fertilizing function.
The 4 types of soil tillage systems used in the
study are provided below.

(3) Calculation of Energy Inputs. Machine
Energy Input (MJ/ha). Machine energy input was
calculated by the formula given below [33] [21].
W xE
(1)
ME
T x EFC
In the equation;
ME
: Machine energy input (MJ/ha),
W
: Weight of the tool (kg),
E
: Production energy of the unit weight of the
agriculture machine or tool (MJ/kg),
T
: Economic usage life-span of the tractor or
tool (h),
EFC
: Effective area capacity (ha/h).

Method. (1) Organization and Operation of
the Trials. In the study, soil tillage methods, which
were currently in use or had a potential for usage in
aftercrop green beans production following the
wheat harvest, were carried out using the following
operation order.
1- Heavy-duty disc harrow + Cambridge roller
+ pneumatic spacing drill (HD);
2- Rotary tiller + Cambridge roller + pneumatic precision drill (ROT);

Fuel-Oil Energy Input (MJ/ha). Fuel energy
input and oil energy input were calculated using the
following formula [20].
YKE = YT x YKED
(2)
YGE = (YT x 0.045) x YGED
(3)
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In the equation;
YKE : Fuel energy input (MJ/ha)
YGE : Oil energy input (MJ/ha)
YT
: Fuel consumption (l/ha)
YKED: Energy value of the fuel (MJ/l)
YGED: Energy value of the oil (MJ/l)
Labor energy, fertilizer energy, seed energy
DQG LUULJDWLRQ HQHUJ\ LQSXWV¶ HQHUJ\ FDOFXODWLRQV
were made by multiplying the amounts of inputs
used or spent per unit area by the energy equivalents
of these input types.

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
Energy equivalents of input and output in aftercrop green beans production are given in Table 3,
and the energy ratio is given in Table 4. While the
lowest total energy input was found in the DE methods (9,483.97 MJ/ha), this was followed by the HD
method (10,404.23 MJ/ha), the ROT method
(10,504.81 MJ/ha), and finally the HD+ROT
(11,772.70 MJ/ha) where the energy input was the
maximum value in the study. While the maximum
energy output was found in the HD+ROT method
with the highest yield as 86,142.00 MJ/ha, this was
followed by the ROT method as 85,701.00 MJ/ha,
the DE method as 85,260.00 MJ/ha and the HD
method as 45,570.00 MJ/ha.
The highest energy output/input ratio was obtained as 9.01 in no-till (DIR), followed by 8.16 in
ROT, 7.32 in HD+ROT and 4.38 in DT. The reason
for the high energy ratio in the DIR method despite
the low total energy input was that the yield was
lower than those in the other methods.

(4) Calculation of Energy Outputs. Energy
output obtained per unit area was calculated with the
following formula [29].
TEC = (AUV x Eau) + (YUV x Eyu)
(4)
Here;
TEC
: Total energy output (MJ/ha),
AUV : Main product yield (kg/ha),
YUV : Side product yield (kg/ha),
Eau
: Main product energy equivalent (MJ/kg)
Eyu
: Side product energy equivalent (MJ/kg).

TABLE 1
Energy Equivalents of Inputs and Outputs in Agricultural Production
Inputs
Labor (h)
Machine Productive Energy (kg)
Tractor
Soil Tillage Tools
Fuel (L)
Diesel
Oil
Chemical Fertilizers (kg)
Nitrogen (N)
Phosphorus (P2O5)
Potassium (K)
Pesticide (kg)
Insecticide

Energy Equivalent
Coefficient (MJ/unit)
1.96

Sources
[21]

158.3
[8]

121.3
56.31
6.51

[12, 31]
[3, 14]

60.60
11.10
6.70

[31]

214
[15]

Herbicide

269

Irrigation
Seed (kg)
Bean seed
Output
Beans

4.2

[27, 28, 14]

14.7

[23]

14.7

[23]

TABLE 2
Energy Efficiency Indicators
Parameters
Energy Rate
Specific Energy (MJ/kg)
Energy Productivity (kg/MJ)
Net Energy Production (MJ/ha)

Definition
Energy Output / Energy Input
Total Energy Input / Total Harvested Product Amount
Total Harvested Product Amount / Total Energy Input
Total Energy Output ± Total Energy Input

*

Indicators shown in Table 1 were utilized for determination of energy efficiency [14].
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TABLE 3
Energy Usage in Beans Production
Inputs

Labor (h)

Soil Preparation
Sowing and Other Processes
Harvesting
Machine
Tractor
Soil Preparation
Sowing and Other Processes
Harvesting
Fuel ± Oil (L)
Soil Preparation
Sowing and Other Processes
Harvesting
Chemical Fertilizers (kg)
Nitrogen (N)
Phosphorus (P)
Potassium (K)
Chemicals (kg)
Insecticide
Herbicide
Seed (kg)
Irrigation
Input (MJ/ha)
Output Yield (kg)
Output (MJ/ha)

Disc Harrow

Amount
per
Hectare
8.69
1.82
4.97
1.90
10.68
4.86
1.82
3.04
0.95
35.69
15.68
13.22
6.79
175.25
82.00
92.00
1.25
1.22
1.00
0.22
60.00
100
--3100
---

Rotary Tiller

Total
Energy
Input
(MJ/ha)
17.04
3.56
9.74
3.73
880.25
145.99
77.19
179.66
477.41
1932.99
849.04
716.03
367.92
5998.775
4969.2
1021.2
8.38
273.18
214.00
59.18
882.00
420
10404.23
45570
45570

Amount
per
Hectare

Total
Energy
Input
(MJ/ha)
16.28
2.80
9.74
3.73
828.76
137.03
34.66
179.66
477.41
2085.82
1001.87
716.03
367.92
5998.775
4969.2
1021.2
8.38
273.18
214.00
59.18
882.00
420
10504.81
85701
85701

8.30
1.43
4.97
1.90
9.90
4.47
1.43
3.04
0.95
38.51
18.50
13.22
6.79
175.25
82.00
92.00
1.25
1.22
1.00
0.22
60.00
100
--5830
---

Disc Harrow ±
Rotary Tiller Roller
Amount
Total
per
Energy
Hectare
Input
(MJ/ha)
10.96
21.47
4.08
8.00
4.97
9.74
1.90
3.73
15.20
999.02
7.12
201.39
4.08
140.56
3.04
179.66
0.95
477.41
58.68
3178.26
38.67
2094.31
13.22
716.03
6.79
367.92
175.25
5998.775
82.00
4969.2
92.00
1021.2
1.25
8.38
1.22
273.18
1.00
214.00
0.22
59.18
60.00
882.00
100
420
--11772.70
5860
86142
--86142

No Till

Amount
per
Hectare
6.67
0.00
4.77
1.90
6.83
2.94
0.00
2.94
0.95
19.18
0.00
12.38
6.79
175.25
82.00
92.00
1.25
1.22
1.00
0.22
60.00
100
--8500
---

Total
Energy
Input
(MJ/ha)
13.07
0.00
9.34
3.73
858.28
136.76
0.00
244.11
477.41
1038.66
0.00
670.74
367.92
5998.775
4969.2
1021.2
8.38
273.18
214.00
59.18
882.00
420
9483.97
85260
85260

TABLE 4
Energy Efficiency
Parameters
Energy Ratio
Specific Energy (MJ/kg)
Energy Productivity (kg/MJ)
Net Energy Yield (MJ)

Disc Harrow

Rotary tiller

4.38
3.36
0.30
35165.77

8.16
1.80
0.55
75196.19

Energy ratio was reported as 3.79 in cotton proGXFWLRQLQ$GÕ\DPDQ7XUNH\[4]; as 29.80 in Germany conditions [30]; in the range of 3.80-44.60 in
the conditions of different European countries [32];
as 14.48 [16] in the United States; as 8.92 in Adana,
Turkey [3]; as 3.21 in aftercrop sunflower producWLRQ LQ .ÕUNODUHOL 7XUNH\ [5]; as 2.99 and 0.70 in
guar and lupin production in Bingol, Turkey [17] as
respectively 3.22, 0.64 and 0.81 in Vicia sativa, Vicia pannonica and Vicia narbonensis production in
Bingol [24]. The highest energy efficiency was
found as 1.36 in the study [4] conducted in the region
of Thrace with different soil tillage conditions. The
energy ratio was found as 4.70 in the study on broad

Disc Harrow + Rotary
tiller + Roller
7.32
2.01
0.50
74369.30

No till
9.01
1.63
0.61
75776.03

bean production with the conditions of Iran in the
province of Golestan [22].
While the specific energy productivity was
found in the range of 0.30-0.61, it was found as 0.32
kg/MJ in the study [4] FRQGXFWHGLQ$GÕ\DPDQ
MJ/kg in the study [3] conducted in Adana, 0.12
kg/MJ in the study [11] in the province of Fras in
Iran conditions, 0.12 kg/MJ in the study [26] in the
province of Golestan in Iran conditions; energy
productivity was found as 0.14 kg/MJ in the study
[25] on feed pea production in Bingol conditions, as
0.17 kg/MJ in the study [17] on buckwheat production in Bingol conditions, and the energy productivity was determined as 0.23 kg/MJ in the study in
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[5] Baran, M.F., Karaagac, H.A. (2014) .ÕUNODUHOL
.RúXOODUÕQGD øNLQFL Urun Aycicegi Uretiminde
(QHUML.XOODQÕP(WNLQOLginin Belirlenmesi. Turk
7DUÕPYH'Rga Bilimleri Dergisi. 2, 117-123.
[6] Baran, M.F., Polat, R., Gokdogan, O. (2016)
Comparison of energy use efficiency of
different tillage methods on the secondary crop
sunflower production. Fresen. Environ. Bull.
25(11), 4937-4943.
[7] Baran, M.F., Gokdogan, O. (2016) Comparison
of energy use efficiency of different tillage
methods on the secondary crop corn silage
production. Fresen. Environ. Bull. 25, 38083814.
[8] Barut, Z.B., Ertekin, C., Karaagac, H.A. (2011)
Tillage Effects on Energy Use for Corn Silage
in Mediterranean Coastal of Turkey. Energy
ISSN No: 0360-5442. 36(9), 5466-5475.
September 2011.
[9] Bayhan, Y., Kayisoglu, B., Yalcin, H., Gonulol,
E., Sungur, N. (2006) Possibility of direct
drilling and reduced tillage in second crop silage
corn. Soil and Tillage Research. 88, 1-7.
[10] Berk, Y., Efe, E. (1988) $UDúWÕUPDYH'eneme
0HWRGODUÕ- 'HUV .LWDEÕ No:1, C.U. Ziraat
Fakultesi, Adana.
[11] Davoodi, M.J.S., Housyar, E., (2009) Energy
Consuption of Canola and Sunflower roduction
in Iran. American-Eurasian J. Agric. & Environ.
Sci. 6(4), 381-384. ISSN 1818-6769, IDOSI
Publication.
[12] Demircan, V., Ekinci, K., Keener, H.M.,
Akbolat, D., Ekinci, C. (2006) Energy and
economic analysis of sweet cherry production in
Turkey: A case study from Isparta province.
Energy Conversion and Management. 47, 17611769.
[13] Duzgunes, O., Kesici, T., Gurbuz, F. (1987)
øVWDWLVWLN 0HWRGODUÕ- <D\ÕQ No:861, Ders
.LWDEÕ 229, Ankara Universitesi, Ziraat
Fakultesi, Ankara.
[14] Eren, O. (2011) Cukurova BoOJHVLQGH 7DWOÕ
Sorgum (Sorghum Bicolor (L.) Moench)
uUHWLPLQGH<DúDP'ongusu Enerji Ve Cevresel
Etki Analizi. Cukurova University Institute of
Natural and Applied Sciences Agricultural
Machinery Main Science Division PhD Thesis,
Adana.
[15] Ferrago, D.O. (2003) Energy Cost/Use in
Pesticide Production. Encyclopedia of Pest
Management.
[16] Fore, Seth, R., Porter, P., Lazarus, W. (2011)
Net energy balance of small-scale on farm
biodisel production from canola and soybean.
Biomas and Energy. ScienceDirect. 35, 22342244,
www.elsevier.com/locate/biombioe.
USA.
[17] Gokdogan, O., Seydosoglu, S., Kokten, K.,
Bengu A.S., Baran, M.F. (2017) Energy inputoutput analysis of guar (Cyamopsis tetrago-

Iran conditions conducted in the province of Golestan. [22].
The net energy yield in the study was found to
be 35,165.77 MJ at the minimum and 75,776.03 MJ
at the maximum. Net energy yield was found as
60,699.70 MJ/ha in Adana [3], as 58,759.58 MJ/ha
in the province of Fars in Iran conditions [11], as
199,036.84 MJ/ha at the minimum and 227,493.67
MJ/ha at the maximum in the study [7] on production
of corn for silage in the conditions of the region of
Thrace, as 87,308 MJ/ha in the study [1] on sunflowers in the conditions of the region of Thrace, and as
53,798.46 MJ/ha in the study [26] conducted in Iran
conditions in the province of Golestan.

CONCLUSION
In this study, it was aimed to determine the energy outcomes of 3 different soil tillage methods and
no-till method in beans production. It was found that
the highest share in the total input energy in all methods was held by fertilizer energy, while fuel-oil had
the second place. Consumption of both fertilizers
and fuel-oil affects the environment negatively. This
study showed that importance should be paid to new
studies that ill decrease both fertilizer and fuel-oil
consumption in R&D processes.
In aftercrop beans production, savings were
achieved in terms of energy input in the disc harrow
and no-till methods in comparison to the other methods. However, as the yield in the no-till method was
higher than those in the other method, the energy
value required for production of 1 kg of the product
was found to be lower.
The maximum energy output / input ratio was
obtained in the no-till method. The maximum net energy yield was obtained in the reduced tillage (ROT)
method. Considering all these ratios, it may be stated
that the reduced tillage (ROT) method is a more
profitable production technique for aftercrop beans
production.
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Several by-products of fruit-processing have
been widely used in the development of functional
foods. Grape pomace (GP) by-product of the wine
industry, primarily consists of peels (skins), seeds
and stems, and accounts for approximately 20±25%
of the total weight of the grape pressed for wine production. These products have relevant amounts of
phenolics, antioxidants, dietary fibre and also they
can play an important role as antimicrobial agents in
extending the shelf-life of food products [5±17].
Dietary GP extracts exert an anti-inflammatory
effect in individuals with diet-induced obesity [10].
GS oil has high levels of unsaturated fatty acids [18±
20], and contains tocopherols, antioxidant-effective
tocotrienols [19] and phytosterols [21]. GP and GS
are capable of influencing metabolism and physiology, and eliciting beneficial health effects [10, 2223]. GS extract reduces the signs of skin aging in
men [24] and protects the body from premature aging [25]. Research has been done on the use of GS
flour in bakery products [26]. Breads enhanced with
GS flour have stronger antioxidant activity and
higher phenolic composition [27-28]. DPPH activity
was also high in pancakes, noodles and cereal bars
containing GS flour [29].
Due to the aforementioned health benefits of
GP and GS, they can be added to bakery products to
improve the functionality of these products. Thus,
breads can contribute to the improvement of dietary
patterns and assist in the prevention of diseases such
as cancer [30], cardiovascular diseases, diabetes [12]
and chronic diseases resulting from free radicals
such as cataracts, along with decreased environmental impact and economic losses [31-32]. GS extract
is known to have antioxidant properties that protect
the body from premature aging and disease [33].
The overall objective of this study was to evaluate the consumer acceptance and purchasing intentions of bread produced from the by-products of
wine industry. All breads were first subjected to sensory analyses by trained judges, and the most preferred breads were then subjected to consumer evaluation tests.

ABSTRACT
The aim of this study was to determine consumer acceptance for breads fortified with the grape
pomace by products of wine industry. Pomaces were
added to bread flour at 0, 5, 7.5 and 10% levels. After
sensory analyses the four most preferred breads
[Narince seed flour (NSF), Narince pomace without
seed flour (NWSF), Öküzgözü seed flour (ÖSF) and
Öküzgözü pomace without seed flour (ÖWSF) at 5%
level] and control bread were subjected to consumer
evaluation tests. Breads with 5% NSF and ÖSF were
preferred most and rated acceptable. NSF and ÖSF
containing breads were preferred to NWSF and
ÖWSF breads. 48% of participants stated that their
preferred time for eating the presented breads was at
breakfast, 37% preferred eating them at dinner, 65%
believed that the fibre content of the presented
breads was normal, and 78% considered the breads
to be healthy. However, the number of participants
who evaluated the bread as healthy increased to 96%
after they had been informed of the health benefits
of bread supplemented with grape pomace. This indicates that the market potential of these breads may
be increased by informing consumers about the
health benefits of breads containing grape seeds or
grape pomace.

KEYWORDS:
Affordability, sensory test, functional food, marketing

INTRODUCTION
In recent years, consumers have shown a preference for functional and natural foods because of
their positive impacts on health. Functional food can
be defined as ³DQ\ food or modified ingredient that
can make a beneficial effect beyond that provided by
common QXWULHQWV´ [1]. The risk of some diseases
can be totally or partly eliminated by consuming natural foods and/or foods with increased functionality
[2±4]. In addition natural protective materials with
antioxidant and antimicrobial features have been utilised to increase functionality [5].
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p; in the formula, work on property (bread consumption probability) is the main mass ratio or the possibility of occurrence. p can be obtained from previous
research or is intuitively predictable. p=0.5 should be
used to reach the maximum sample volume. p less
than 0.5 and higher values of p reduce the sample
VL]Hı2px is the proportion of variance [36].In this
study, p for bread consumption was 0.75 in Turkey.
Therefore, using this formula, 125 households were
interviewed in Isparta. Survey distribution was made
taking into consideration the neighbourhood structure, the number of neighbourhood, the neighbourhood income criteria. The questions used in the survey were designed to determine socio-demographic
characteristics, daily bread consumption, preferences in terms of bread types, and knowledge of
health benefits of GP and/or grape seed, consumption intentions and purchasing behaviours of the
household.
Participants were provided with a list of definitions of each of the following sensory attributes, and
evaluated each using the five-point hedonic scale described above: appearance, grain structure, crust and
crumb colour, taste, odour, aroma, oral texture (hardness), chewiness, overall acceptance and affordability. A glass of water and unsalted crackers were provided to allow the participant to clean their mouth
for a better palate. The consumer evaluations were
performed mid-morning. Samples were assigned a
three-digit code and were presented using a randomised design. Samples were presented in three different forms: whole loaf, half loaf and 1.5×1.5×1.5 cm
cubes containing both crust and crumb. The half loaf
enabled the participant to see the internal structure,
and the cubes were used for tasting. Prior to the test,
participants received no information on the content
of the bread. After the completion of the sensory
evaluation, the bread contents were explained and
the participants were asked the following questions:
1. What do you think about the fibre level of ÖSF,
ÖWSF, NSF and NWSF breads?
2. Do you find these breads healthy? (This question
was asked twice. It was first asked before information was given about the health benefits of grape
pomace and again after information was given.)
3. What time of the day do you prefer to consume the
bread you like the most?
4. How much of your preferred bread (in grams) do
you prefer to consume?
5. Is it important for you to have a healthy kind of
bread, and does this influence your purchasing decision?
6. Do you have any information on the benefits of
GP and grape seeds?
7. If your answer is ³\HV´ where did you get this information from?
8. Do you have any information on antioxidants?
9. If your answer is ³\HV´ how do you define an antioxidant?

MATERIALS AND METHODS
Preparation of GP flours. The GP used in this
study was a by-product of the production process of
red wine from Öküzgözü grapes and white wine
from Narince grapes. Öküzgözü and Narince are
among the highest quality grape varieties in Turkey.
GP samples were dried for 8-9 h at 55°C until the
moisture level had decreased to 7-8%. The dried GP
samples were divided into whole pomace, seedless
pomace and seeds and then ground with a hammer
mill until particle size was <300 ȝP
Bread making. Whole pomace, GP without
seeds and seed flours of Narince and Öküzgözü
grape pomaces were added to bread flour at 0%, 5%,
7.5% and 10% levels in accordance with the displacement principle. Bread produced with 100%
wheat flour was defined as "control" bread. Breads
were made according to the AACC Method 10.10.03
[34], with some modifications. The other ingredients
were yeast (3 g/100 g flour), salt (1.5 g/100 g flour)
and water (variable depending on the farinograph
water absorption value).
Preliminary sensory test. A preliminary sensory test was carried out by 15 trained judges with
19 types of bread made with whole pomace, GP
without seeds, and seed flours of Narince and
Öküzgözü grape pomaces, each at 5%, 7.5% and
10%, and control bread. Judges were presented with
the breads 4 h after they had been baked and evaluated bread samples for loaf volume, symmetry, appearance, crust and crumb colour, grain structure,
texture, smell, taste and overall quality. Each attribute was rated on a five-point hedonic scale ranging
from one (dislike extremely) to five (like extremely).
Purchase intent was evaluated on a five-point scale
ranging from one (definitely would not buy) to five
(definitely would buy) [35].
Consumer evaluations. The breads that were
most highly rated in the preliminary sensory analyses were subjected to consumer evaluations. One
hundred and twenty randomly selected participants
who lived in the city centre of Isparta/Turkey province participated in face-to-face surveys. Study materials were obtained from surveys carried out on
families residing in urban areas of Isparta and data
were horizontal section. The provincial town centre
has 44 neighbourhoods with a population of about
153.774. The population was studied using the finite
SRSXODWLRQV¶ formula to determine sample size with
a degree of confidence of 95%and an error margin of
5%. For a finite size of N populations, with a particular feature of known or predicted rate (p) when
compared to sampling, sample size is calculated by
the following formula [36].
ሺͳ െ ሻ
݊ൌ
ሺ െ ͳሻɐଶ ୶   ሺͳ െ ሻ
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Statistical analysis. Analysis of variance
(ANOVA) was conducted by using the SPSS 16.0
procedure. The calculated mean values were compared using 'XQFDQ¶V multiple range tests with significance defined as P<0.01. All experiments were
carried out in triplicate and the mean values were obtained.
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Socio-demographic characteristics of participants. Consumer characteristics affect food preferences. Socio-economic characteristics and purchasing behaviours of consumers have an impact on consumption patterns. There was a slight predominance
of females in the study participants. Gender plays an
important role in the determination of consumer
needs and desires, because gender requirements differ [37]. Age is also important in food consumption
patterns, and is an important determinant of bread
consumption preferences. In this study, 28.37% of
participants were aged 25±34 years, 20.57% were
aged 35±44 years and 2.84% were aged  years.
Level of education plays an important role in
consumer preference for different advertisement
types and promotional practices [38]. In this study,
the majority (39.6%) of participants were highschool graduates and 24.75% were university graduates. For 34.65% of participants, primary school was
the highest level of education.
The majority of participants (27.01%) were
employed in the private sector, 21.17% were employed in the public sector and 12.41 % were housewives. The most common professional area was employee (25.25%), followed by apprentice and engineer-architect (11.11%). The average household size
was 3.49 members, and the average number of employed people in a household was 1.47.
Income is one of the most important and fundamental economic factors affecting the consumer
market [37]. Household income was 7/PRQWK
for 22.63% of participants, 1000±1999 TL/month for
40.88% of participants, 2000±2999 TL/month for
23.36% of participants and  TL/month for
13% of participants.

RESULTS AND DISCUSSION
Preliminary sensory test. At 5%, 7.5% and
10% levels, loaf volume scores for NSF breads were
lower than those of NWSF breads, and the loaf volume scores of ÖSF breads were than those of ÖWSF
breads. Similarly, loaf symmetry score was lower for
all breads when the amounts of GP and grape seed
flour were increased to 7.5% and 10%. Crust colour
score was not significantly affected by type of GP
(NSF vs. ÖSF) or form of GP (whole pomace, GP
without seeds, or pomace seed flours), or addition
percentage (0, 5, 7.5, 10). When the amount of GP
flour was increased to >5%, sporadic formlessness
and cracks were observed on bread crusts. The
crumb colour and the grain structure of the bread
were usually homogeneous, and there were no significant differences in the crumb colour or grain
structure scores between breads (P>0.01).
When 10% of GP was added, it was observed
that breads, especially those with ÖWSF, lost some
of their elasticity. While there was no significant difference in terms of soft texture between the control
bread and breads with 5% GP; all breads, irrespective of the level of addition of NWSF (5, 7.5 and
10%), were defined as soft and easily chewable.
Breads with addition levels >5% were somewhat
hard and hard to chew. None of the panellists reported GP breads having an odd smell. There was no
significant difference between the control bread and
bread with 5% GP with respect to smell; thus, the
control bread, breads with 5% GP, and grape seed
flour breads were concluded in the same smell
group. GP type, form and addition level did not have
an important effect on smell.
The panellists found that the acceptability of
Narince grape pomace containing breads and breads
with 5% ÖSF was similar to that of the control; however, when the level of GP and grape seed flour was
increased above 5%, the acceptability of the breads
decreased. Samples with 5% GP were rated as purchasable  on the five point scale) but the purchase
ability score decreased when the amount of GP in
bread samples was increased to 7.5% or 10%.
Overall, the results of the preliminary sensory
test indicated that breads containing NSF, NWSF,
ÖSF and ÖWSF were better in terms of outer and
inner appearance, smell, taste, flavour, general acceptability and purchase ability.

Consumer evaluations. The scores for general
appearance, crust and crumb colour, grain structure,
chewiness, odour, aroma, taste and general acceptability of the five different breads are presented in Fig.
1. General appearance and crust colour scores were
highest for control bread, and second highest for
ÖSF bread. This was followed by NSF bread and
then NWSF bread. ÖWSF bread scored lowest for
general appearance and crust colour. The crumb colour score was highest for control bread, and decreased as follows: NSF bread, ÖSF bread, NWSF
bread and ÖWSF bread. The crumb colour scores
were greater than the crust colour scores. This is
likely because the surface of the breads was not
smooth, and there were many fractures and surface
roughness. Grain structure score was similar in the
control bread, NSF bread and ÖSF bread, but lower
in the NWSF and ÖWSF breads.
Chewiness score was highest in NSF bread and
control bread then lower in NSF bread, NWSF bread
and ÖWSF bread. It is remarkable that ÖWSF bread
received the lowest chewiness score.
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FIGURE 1
Sensorial scores of presented breads

FIGURE 3
The opinions of consumers about the fibre
content of breads

FIGURE 2
Affordability of the presented breads

FIGURE 4
Consumer preferences regarding the health benefits of breads

scored higher than breads containing seedless pomace flour (NWSF or ÖWSF). Scores were particularly low for ÖWSF bread, similar to all other sensory attributes.
Overall, bread containing grape seed flour
scored higher than bread containing seedless pomace

The odour, taste, aroma and general acceptability of the breads were significantly influenced by incorporation of GP and grape seed flours. For these
four attributes, the control bread scored highest, and
breads containing grape seed flour (NSF or ÖSF)
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evaluated as normal by 65% of participants, much by
20%, too much by 3%, a little by 10%, and very little
by 2% (Fig. 3).
The breads were evaluated as healthy by 78%
of participants. The number of participants who evaluated the bread as healthy increased to 96% after
they were informed about the health benefits of
breads supplemented with GP and grape seed flours
(Fig. 4). This is relevant to the market potential of
these breads in the marketplace, and indicates that
the market potential can be increased by informing
consumers of the health benefits of breads containing GP or grape seed. However, even if consumers
are aware of the health benefits of fibre-rich breads,
fibre-free white bread is preferred due to the taste
preferences of customers in line with conventional
palate. The consumption of functional bread may be
increased by increasing awareness of the health benefits of fibre-rich breads.
3DUWLFLSDQWVZHUHDVNHGµ:KDWWLPHRIWKHGD\
GR\RXSUHIHUWRFRQVXPHWKHEUHDG\RXPRVWOLNH"¶
and responded breakfast (48%), with main meals
(37%), on tea breaks (8%) and as a snack between
meals (7%). Consumers were also asked about their
preferred size of breads, and responded 250 g (63%),
100 g (29%), 500 g (6%) and 1000 g (2%).
The vast majority of participants (98%) reVSRQGHGµ\HV¶WRWKHTXHVWLRQµLVLWLPSRUWDQWIRU\RX
to have a healthy kind of bread, and does this influence your purchasing decLVLRQ"¶ 7KHUHIRUH µEHLQJ
KHDOWK\¶LVLPSRUWDQWLQWKH VHOHFWLRQRIEUHDGDQG
an emphasis on health is important for the consumption orientation of consumers.
Approximately three quarters (73%) of participants stated that they had knowledge of the health
benefits of GP and grape seeds. For 49% of participants, this information had been gathered from TV
shows and advice from health experts. Forty percent
of participants stated that they had knowledge of antioxidants. Thirty-five percent of these participants
considered an antioxidant to be something that removes hazardous substances from the body,
20%considered an antioxidant to be an inhibitor of
cancer, 12.5% considered an antioxidant to be something that destroys free radicals and 10%considered
an antioxidant to be something that helps the body to
develop immunity.

flour. This might be due to the higher level of phenolic compounds in grape seeds [39] than in grape
skins [40-41], as phenolic compounds make a significant contribution to astringent taste and mouth feel.
In a previous study [39], we found that the anthocyanin content of the seedless pomace of Öküzgözü
grapes was significantly higher than that of other
grapes. Anthocyanins might create an unfamiliar
taste, odour and aroma in ÖWSF bread.
Crumb colour, chewiness, odour, aroma, taste
and general acceptability scores of NSF bread were
higher than those of ÖSF bread. This might be due
to the difference between the white- and red-wine
production processes. The GP of Narince grapes was
obtained directly from the pomace that remained after the pressing process, and therefore the pomace
was obtained before any fermentation process. The
GP of Öküzgözü grapes was obtained one week after
the maceration process to ensure maximum transfer
of polyphenols and red colouring materials into the
grape juice. During this maceration process, most of
the components of the Öküzgözü grape are transferred to the juice.
All sensory attributes significantly differed
across bread containing seed flour and bread containing seedless pomace flour (Fig. 1). This can be
attributed to the higher phenolic content in GP seed
flours than in seedless GP flours [39]. These phenolic components might have acted as an oxidant in
the dough. Oxidants catalyse the oxidation of thiol
groups in the gluten structure forming disulphide
bonds [42], strengthening the gluten network of the
dough and improving dough handling and increasing
oven spring. Oxidants have a positive impact on
bread in terms of quality, specific volume, bread texture, crumb grain and mouth-feel properties [43-44].
The affordability scores of breads fortified with
GP without seeds (NWSF or ÖWSF) and with 5%
GP seeds (NSF or ÖSF) are shown in Fig. 2. Similar
to the general acceptance score, breads made with
GP seed flours had the highest affordability score after the control bread. Breads made with seedless GP
flours had significantly lower affordability scores
than breads containing seed flour. Similar to the sensory evaluations, ÖWSF breads were scored lowest
for affordability. This situation might be because of
the unusual taste, odour, aroma and appearance of
ÖWSF breads. During the production of red wine,
grapes undergo a maceration process. The maceration process affects the bitterness and astringency of
grape skins more than grape seeds. According to
Kammerer et al. [45], grape skins are a rich source
of anthocyanins, hydroxycinnamic acids, flavanols
and flavonol glycosides, whereas flavanols predominate the seeds.
After the sensory evaluation of the breads, participants were asked some questions about control
and breads substituted with 5% NSF, NWSF, ÖSF,
or ÖWSF. One of these was µ:KDW do you think
about the fibre level of these EUHDGV"¶ Fibre level was

CONCLUSION
Wheat flour is one of the most widely used ingredient in bread making. Its quality which grows
under different conditions such as under drought and
heat stress conditions [46], is important in terms of
economy, production, nutrition and bread quality.
Technological and sensorial quality of bread taken
first place in terms of consumer acceptance. In latest
years consumers have been began to prefer breads
that may give additional benefit for their health.
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[5] Acun, S. and Gül, H. (2014) Effects of grape
pomace and grape seed flours on cookie quality.
Qual. Assur. Saf. Crop. 6, 81-88.
[6] Amico, V., Napoli, E.M., Renda, A., Ruberto,
G., Spatafora, C. and Tringali, C. (2004) Constituents of grape pomace from the Sicilian culWLYDUµ1HUHOOR0DVFDOHVH¶)RRG&KHP88, 599±
607.
[7] %D\GDU1*g]NDQ*DQG6D÷GÕo2  
Total phenolic contents and antibacterial activities of grape (Vitis vinifera L.) extracts. Food
Control. 15, 335±339.
[8] Farhadi, K., Esmaeilzadeh, F., Hatami, M.,
Forough, M. and Molaie, R. (2016) Determination of phenolic compounds content and antioxidant activity in skin, pulp, seed, cane and leaf
of five native grape cultivars in West Azerbaijan
province, Iran. Food Chem. 199, 847±855.
[9] Gonzilez-Centeno, M.R., Jourdes, M.,
Femenia, A., Simal, S., Rosselly, C. and
Teissedre, P.L. (2013) Characterization of polyphenols and antioxidant potential of white grape
pomace byproducts (Vitis vinifera L.). J. Agr.
Food Chem. 61, í
[10] Hogan, S., Canning, C., Sun, S., Sun, X. and
Zhou, K. (2010) Effects of grape pomace antioxidant extract on oxidative stress and inflammation in diet inducedobese mice. J. Agr. Food
Chem. 58, 11250±1256.
[11] Kabir, F., Sultana, M.S. and Kurnianta, H.
(2015) Antimicrobial activities of grape (Vitis
vinifera L.) pomace polyphenols as a source of
naturally occurring bioactive components. Afr.
J. Biotechnol. 14, 2157-2161.
[12] .DGRXJK + 6XQ 6 DQG =KRX .   ĮGlucosidase inhibiting activity and antioxidant
properties of grape pomace extracts (134.5).
FASEB J. 28, 134.5.
[13] Katalinic, V., Mozina, S.S., Skroza, D., Generalic, I., Abramovic+0LORã0/MXEHQNRY
I., Piskernik, S., Pezo, I., Terpinc, P. and Boban,
M. (2010) Polyphenolic profile, antioxidant
properties and antimicrobial activity of grape
skin extracts of 14 Vitis vinifera varieties grown
in Dalmatia (Croatia). Food Chem. 119, 715±
723.
[14] Llobera, A. and Canellas, J. (2007) Dietary fibre
content and antioxidant activity of Manto Negro
red grape (Vitis vinifera): pomace and stem.
Food Chem. 101, 659±666.
[15] Oliveiraa, D.A., Salvador, A.A., Smania Jr., A.,
Smania, F.A.E., Maraschinc, M. and Ferreiraaa,
S.R.S. (2013) Antimicrobial activity and composition profile of grape (Vitis vinifera) pomace
extracts obtained by supercritical fluids. J. Biotechnol. 164, 423-432.
[16] g]NDQ*6DJGÕo2*|NWUN1%DQG.X
rumahmutoglu, Z. (2004) Antibacterial activities and total phenolic contents of grape pomace
extracts. J.Sci. Food Agr. 84, 1807±1811.

Health and nutrition experts suggest that the most
practical way of increasing daily nutrient content
such as natural antioxidant and dietary fibre intake is
direct use of ingredients rich in antioxidative dietary
fibre in bread production, because bread is an essential, stable food product for people across the world.
There are several studies for fortification or enrichment of a food product like bread [47] and/or to prepare the high nutritional value formula for acute diarrhea and malnutrition [48].
In recent years, scientific evidence has supported the benefits of grape seeds for health [49-50]
and the use of grape seeds in nutrition supplements,
alternative medicine and cosmetics has become
widespread. The amount of advertising in this area
has increased. The public, who have gained much information about benefits of grape pomace seeds, believe that these products are beneficial for health. By
using GP, a by-product of the wine industry, the
functional properties of bread can be enhanced. Additionally, this by-product can be turned into a valuable food ingredient and its recycling can contribute
to the economy. Our results indicate that Öküzgözü
and Narince GP seed flours can be added to bread at
5% level to increase the functionality of breads.

ACKNOWLEDGEMENTS
We wish to thank to Republic of Turkey Ministry of Food Agriculture and Livestock General Directorate of Agricultural Research and Policy for
their financial support of this study with project
number: TAGEM-10/AR-GE/08.
This paper was presented at the 15th International Cereal and Bread Congress (April, 18-21,
2016, Istanbul, Turkey) and first published here. The
only abstract text of the manuscript was published at
this congress.

REFERENCES
[1] Ferrari, C.K.B. and Torres, E.A.F.S. (2003) Biochemical pharmacology of functional foods
and prevention of chronic diseases of aging. Biomed. Pharmacother. 57, 251±260.
[2] Alissa, E.M. and Ferns, G.A. (2012) Functional
foods and utraceuticals in the primary prevention of cardiovascular diseases. J. Nutr. Metab.
2012, 1-16.
[3] Ferrari, C.K.B. (2007) Functional foods and
physical activities in health promotion of aging
people. Maturitas. 58(4), 327-339.
[4] Florowska, A., Krygier, K., Florowskia, T., and
Dluzewskaa, E. (2016) Prebiotics as functional
food ingredients preventing diet-related diseases. Food Funct. 7, 2147-2155.

6929

© by PSP

Volume 26 ± No. 11/2017 pages 6924-6931

Fresenius Environmental Bulletin

[30] Derry, M., Raina, K., Agarwal, R. and Agarwal,
C. (2013) Differential effects of grape seed extract against human colorectal cancer cell lines:
The intricate role of death receptors and mitochondria. Cancer Lett. 334, 69±78.
[31] Kinsella, J.E., Frankel, E., German, B., Kanner,
J. (1993) Possible mechanisms for the protective
role of antioxidants in wine and plant foods.
Food Technol-Chicago, 47, 85-89.
[32] Lai, L.S., Chou, S.T., Chao, W.W. (2001) Studies on the antioxidative activities of hsian-tsao
(mesona procumbens hemsl) leaf gum. J. Agr.
Food Chem. 49, 963-968.
[33] Shi, J., Yu, J., Pohorly, J.E. and Kakuda, Y.
(2003) Polyphenolics in grape seeds-biochemistry and functionality. J. Med Food. 6, 291-299.
[34] American Association of Cereal Chemists
(AACC) (2000) Approved Methods of Analysis, 10th ed. (The Association [AACC], St. Paul)
[35] Meilgaard, M., Civille, G.V. and Carr, B.T.
(1999) Sensory Evaluation Techniques. 3rd ed.
(CRC Press, Boca Raton, FL), 416 p.
[36] Miran, B. (2002) Temel istatistik. (Basic Statistics). Ege University Press, øzmir, 272 p.
[37] 0XFXNø  3D]DUODPDøONHOHUL 3ULQFLSOHV
of Marketing), 11nd ed 7UNPHQ.LWDEHYLøV
tanbul, 413 p.
[38] *O0$NSÕQDU0*DQG'D÷ÕVWDQ(  
The level of social consciousness on fruit juices
consumption and analysis of optimum product
design: case of Mediterranean region of urban
DUHD KRXVHKROGV 7h%ø7$. 62%$* 3URMHFW
No: 110K085, 148p.
[39] *O+$FXQ6ùHQ+1D\ÕU1DQG7UN
S. (2013) Antioxidant activity, otal phenolics
and some chemical properties of Öküzgözü and
Narince grape pomace and grape seed flours. J.
Food Agric. Environ. 11, 28-34.
[40] Ky, I. and Teissedre, P.L. (2015) Characterisation of Mediterranean grape pomace seed and
skin extracts: polyphenolic content and antioxidant activity. Molecules. 20, 2190-2207.
[41] Rockenbach, I.I., Gonzaga, L.V. and Rizelio,
V.M. (2011) Phenolic compounds and antioxidant activity of seed and skin extracts of red
grape (Vitis vinifera and Vitis labrusca) pomace
from Brazilian winemaking. Food Res. Int. 44,
897±901.
[42] Every, D., Griffin, W.B., and Wilson, P.E.
 $VFRUEDWHR[LGDVHSURWHLQGLVXOILGHÕVR
merase, ascorbic acid, dehydroascorbic acid and
protein in developing wheat kernels, and their
relationship to protein disulfide bond formation.
Cereal Chem. 80(1), 35-39.
[43] Bonet, A., Rosell, C.M., Caballero, P.A.,
Gómez, M., Pérez-Munuera, I., and Lluch, M.A.
(2006) Glucose oxidase effect on dough rheology and bread quality: a study from macroscopic to molecular level. Food Chem. 99, 408415.

[17] Beres, C., Simas-Tosin, F.F., Cabezudo, I.,
Freitas, S.P., Iacomini, M., Mellinger-Silva, C.
and Cabral, L.M.C. (2016) Antioxidant dietary
fibre recovery from Brazilian Pinot noir grape
pomace. Food Chem. 201(2016), 145±152.
[18] Cao, X.X. and Ito, Y. (2003) Supercritical fluid
extraction of grape seed oil and subsequent separation of free fatty acids by high-speed countercurrent chromatography. J. Chromatogr. A1021,
117±124.
[19] Matthäus, B. (2008) Virgin grape seed oil: Is it
really a nutritional highlight?. Eur. J. Lipid Sci.
Tech. 110, 645±650.
[20] 7DQJRODU6*<HúLP,7DQJRODU6DQG7R
run, A. (2009) Evaluation of fatty acid profiles
and mineral content of grape seed oil of some
grape genotypes. Int. J. Food Sci. Nutr. 60, 3239.
[21] Yu, J. and Ahmedna, M. (2013) Functional
components of grape pomace: their composition, biological properties and potential applications. Int. J. Food Sci. Tech. 48, 221±237.
[22] Shinagawa, F.B., Santana, F.C., Torres, L.R.O.
and Mancini-Filho, J. (2015) Grape seed oil: a
potential functional food? Food Sci.Technol.
35(3), 399-406.
[23] <ÕOPD]<DQG7ROHGR57  +HDOWKDV
pects of functional grape seed constituents.
Trends Food Sci. Tech.15, 422±433.
[24] Costa, A, Pegas, P.E.S., Assumpção, E.C., Calixto dos Santos F.B., Ota, F.S., Oliveira, P.M,
Fidelis, M.C., Fávaro, R., Barros, L.S.S., Favaro, A.L.H., and Abildgaard, E.N. (2014) Assessment of clinical effects and safety of an oral
supplement based on marine protein, vitamin C,
grape seed extract, zinc, and tomato extract in
the improvement of visible signs of skin aging
in men. Clin. Cosmet. Investig. Dermatol. 8,
319-328.
[25] Zhu, F., Du, B., Li, J. (2015) Recent advance on
the antitumor and antioxidant activity of grape
seed extracts. J. Wine Res. 7, 63-67.
[26] Hoye, C. and Ross, C.F. (2011) Total Phenolic
FRQWHQWFRQVXPHUDFFHSWDQFHDQGÕQVWUXPHQWDO
analysis of bread made with grape seed flour. J.
Food Sci. 76, 428-436.
[27] 0HUDO5DQG'R÷DQI.S. (2013) Grape seed as
a functional food ingredient in bread-making.
International J. Food Sci. Nutr. 64, 372±379.
[28] Peng, X., Ma, J., Cheng, K.W., Jiang, Y., Chen,
F. and Wang, M. (2010) The effects of grape
seed extract fortification on the antioxidant activity and quality attributes of bread. Food
Chem. 119, 49±53.
[29] Soto, M.U.R., Brown, K. and Ross, C.F. (2012)
Antioxidant activity and consumer acceptance
of grape seed flour containing food products. J.
Food Sci.Tech. 47, 592±602.

6930

© by PSP

Volume 26 ± No. 11/2017 pages 6924-6931

Fresenius Environmental Bulletin

health through suppressing inflammation and
regulating alkaline phosphatase in IL-10-deficient mice. J. Funct. Foods. 20, 245±252.
[50] Ngamukote, S., Mäkynen, K., Thilawech, T.,
and Adisakwattana, S. (2011) Cholesterol-lowering activity of the major polyphenols in grape
seed. Molecules. 16(6), 5054-5061.

[44] Miller, K.A., and Hoseney, R.C. (1999) Effect
of oxidation on the dynamic rheological properties of wheat flour-water doughs. Cereal Chem.
76(1), 100-104.
[45] Kammerer, D., Claus, A., Carle, R. and
Schieber, A. (2004) Polyphenol screening of
pomace from red and white grape varieties (Vitis
vinifera L.) by HPLC-DAD-MS/MS. J. Agric.
Food Chem. 52, 4360-4367.
[46] Barutcular, C., Yildirim, M., Koc, M., Dizlek,
H., Akinci, C., Sabagh, A.E., Saneoka, H.,
Ueda, A., Islam, M.S., Toptas, I., Albayrak, O.
and Tanrikulu, A. (2016) Quality traits performance of bread wheat genotypes under drought
and heat stress conditions. Fresen. Environ.
Bull. 25, 6159-6165.
[47] Dorani, F., Ghavidel, R.A., Davoodi, M.G. and
Ghavidel, R.A. (2016) Effect of soybean meal
and basil seed gum on physical and sensory
quality of wheat bread. Advances in Food Sciences (AFS). 38, 14-21.
[48] Mougi, M.T.E. and Shehata, W.M. 2016. Utilization of extruded wheat germ in preparing high
nutritional value formula. Advances in Food
Sciences (AFS). 38, 2-13.
[49] Bibi, S., Kang, Y., Yang, G. and Zhu, M. (2016)
Grape seed extract improves small intestinal

Received:
Accepted:

20.07.2017
29.08.2017

CORRESPONDING AUTHOR
Hulya Gul
Department of Food Engineering,
Faculty of Engineering,
Suleyman Demirel University,
32260, Isparta ± TURKEY
E-mail: hulyagul@sdu.edu.tr

6931

© by PSP

Volume 26 ± No. 11/2017 pages 6932-6937

Fresenius Environmental Bulletin



STUDY OF HEAVY METALS IN VEGETABLE IRRIGATED
WITH SURFACE WATER FROM FARMLANDS IN AHVAZ
CITY, IRAN
Fatemeh Zohrehvand1, Afshin Takdastan1,2, , Mohammad Javad Mohammadi 3,
Neamatollah Jaafarzadeh1,2, Zahra Ramezani4, Ahmad Reza Yari5
1

Department of Environmental Health Engineering, School of Public Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2
Environmental Technology Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
3
Abadan School of Medical Sciences, Abadan, Iran
4
Toxicology Research Center, Faculty of Pharmacy, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
5
Research Center for Environmental Pollutants, Qom University of Medical Sciences, Qom, Iran.

and other organisms [8-12]. Heavy metals such as Pb
and Cd have been shown to have carcinogenic effects [13, 14]. High concentrations of heavy metals
(Pb and Cd) in fruits and vegetables were related to
high prevalence of upper gastrointestinal cancer [13,
15]. Regulations have been set up in many countries
for and for different industrial set up to control the
emission of heavy metals [13]. The uptake of heavy
metals such as Pb, Cd and Cr in plants are influenced
by some factors such as climate, atmospheric depositions, the concentrations of heavy metals in soil,
the nature of soil on which the plants are grown and
the degree of maturity of the plants at the time of
harvest [13, 14]. For most of the people, the main
way of exposure to heavy metals is through the diet
except occupational exposures at related industries
[15] and vegetables which play important roles in
our daily diet as economic crops [16] Vegetables
comprise an important part of the human diet since
they contain carbohydrates, proteins, as well as vitamins, calcium , fibers and trace elements [17-22]. It
is known well that Lead and Cadmium are unnecessary elements that accumulate the living organs for
in which these elements are toxic [23]. Cadmium is
an important environmental pollutant due to its wide
application and used in nickel-Cd batteries, pigments, stabilizers, coatings and alloys. Cadmium is
also used as a component in some types of compost,
agricultural fertilizers and as sewage sludge to soil,
which may also lead to contamination of soil and
later to crops [24]. It has been estimated that more
than 70% of dietary intake of cadmium is contributed through food chain [25] Lead creates by human
through activities such as munitions, casting, manufacture of batteries, paint production and finally into
the environment. Lead can cause damages to kidneys, neurological disorders and brain injury [26]
Determination of heavy metals contents of vegetables is an important issue which DWWUDFWVVFLHQWLVWV¶
attentions all over the world [23, 27-29]. In Asia,
particularly in developing

ABSTRACT
Heavy metals due to their non-biodegradability
and having physiological effects on living organisms
are particularly important. The aim of this study was
evaluated the concentration of some heavy metals
such as lead, cadmium and chromium in vegetable
species which are planted in Ahvaz, Iran and comparison of them with recommended guidelines. Seventy samples from each basil, radishes and purslane
were gathered during 2013 from farmlands. Samples
were digested according to reported instruction of
AOAC official methods and analyzed by graphite
furnace atomic absorption spectrometer. Results
showed that lead, cadmium and chromium contents
in vegetables were in the range of 9.7- 11.13, 1.973.20, and 0.12- 0.17 mg/kg, respectively. Statistical
analysis showed a significant difference between
mean concentration of lead and cadmium in vegetables and the permitted value (P<0.05). By comparing
the result with the permissible limit which is reported by WHO/FAO, lead and cadmium contents of
the vegetables are above the recommended value.

KEYWORDS:
Heavy Metals, Vegetables, Surface Water, Farmlands, Ahvaz.

INTRODUCTION
Food safety is a major public concern all over
the world. It is known that during the past decades,
the increasing demands for food safety have stimulated research regarding the risk associated with consumption of food products contaminated by pesticides, heavy metals and toxins [1, 2]. Heavy metals
due to their non-biodegradability and having physiological effects on living organisms are particularly
important [3-7]. Due to the low mobility, these elements gradually accumulate in the soil and eventually enter the food chain and threaten human health
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FIGURE 1
Sampling area of the vegetables (Ahvaz city, southwest of Iran)
TABLE 1
Temperature programs set on the graphite furnace AAS for the determination of
Pb Cd and Cr in vegetables samples
Pb
Step
Drying1
Drying2
Drying3
Pyrolysis
Auto
Zero
Atomize
Clean
Out

20
20
10
10

Cd
Temperature,
Û
C
90
105
110
300

Ramp,
Degree/S
5
3
2
250

0

4

300

1400
500

4
4

900
2300

Temperature,
Û
C
90
105
110
600

Ramp,
Degree/S
5
3
2
250

Hold, S

600
1200
2300

Ramp,
Degree/S
5
3
2
250

Hold,S

20
20
10
10

Cr
Temperature,
Û
C
90
105
110
1100

0

4

1100

0

6

1500
500

3
4

2100
2400

1500
500

5
4

Hold, S

20
20
10
10

*UHHQZLFKPHULGLDQDQGDQGƍPLQXWHVQRUWK
of the equator [30-34]. Also, it has many environmental problems such as salinity of potable water
and lack of wastewater collection systems [35-41].
This study carried out during 2013 on agricultural
land irrigated with surface water in Ahvaz. Vegetables including herbs basil (Ocimum basilicum), radish (Raphanus sativus longipinatu) and purslane
(Portulaca oleracea) were studied, respectively. The
sampling area was determined, 6 fields were selected
randomly, from which the unit vegetables-sample
then were taken from the beginning, middle and end
of the filed. Weight of each type of vegetables was
1.5 kg to investigate heavy metal contents; 70 samples were taken. Sampling locations are shown in
Figure1. The sampled-vegetables were washed with
distilled water and then put into the oven at 105 °C
for 24 to 48 hours. After drying, samples were milled
and vegetable powder samples were stored in plastic
containers until analysis. First, 2 g of powdered

countries, people consume more vegetables than
meat. Accordingly, the intake of vegetables has become the main source of the nutrients [18]. The aim
of this study was evaluate the concentration of some
heavy metals such as lead, cadmium and chromium
in vegetable species planted in Ahvaz, Khuzestan
province southwestern Iran, and compare with
guidelines which are recommended by WHO/FAO.

MATERIALS AND METHODS
All chemicals which are used in the present
study, excluding Pb, Cd and Cr standard solutions,
were analytical reagent grade and purchased from
Merck, Germany.
Ahvaz, the capital of Khuzestan province, has
suffered from surface water pollution during this and
last decade. Ahvaz, with an area of 140 square kilometers, LVORFDWHGEHWZHHQDQGƍHDVWRIWKH
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herbs weighed and poured into a porcelain crucible
over a gas flame completely burnt and then in an
electric furnace model Atash ± 1200 for 8 hours; they
were placed in a temperature at 450 ° C to achieve
white ash with no carbon. The ash was dissolved in
a minimum amount of dilute nitric acid solution and
then analyzed, using Whatman 42 filter paper and
filtered into a flask; 10 ml volume was diluted to volume with 65% nitric acid was titrated [23, 42] Determination of heavy metals has been done by atomic
absorption furnace company ZEISS AAS5EA models which were made in Germany. The pb, cd and cr
analyzing furnace programs are show in Table1. All
glassware which were used in the experiments immersed in 10% nitric acid for 24 hours, then washed
with distilled water and were dried. The obtained results were analyzed and interpreted, using SPSS, Ttest, ANOVA test, post hoc tests Tamhanes Welch
and LSD.

TABLE 2
Mean (SD) concentrations of heavy metals in
vegetables irrigated with surface water in the region of veys and Kut Abdollah in Ahvaz during
2013 (mg/kg)
Location
Farms
range in
northern Iran
(veys)
Farms
area
south of
Ahvaz
(Kut
Abdollah)

Sample

Pb

Cd

Basil

12.088.22

2.611.71

Radish

13.1818.58

2.981.73

Purslane

14.5812.38

1.890.75

Basil

6.963.21

2.271.26

Radish

7.804.22

3.052.36

Purslane

7.292.39

2.060.86

Cr
0.180
.14
0.190
.14
0.130
.09
0.140
.13
0.150
.17
0.100
.06

TABLE 3
Mean (SD) concentrations of lead, cadmium and
chromium in vegetables irrigated with surface
water in the seasons in 2013 (mg/kg)

RESULTS AND DISCUSSION

Sampling
months
Spring
Summer
Autumn
Winter
Average
annual

The average of lead concentration was in basil
(9.7±6.81 mg/kg), radish (10.61±1.39 mg/kg) and
purslane (11.13± 9.65 mg/kg). Also, the mean of
cadmium concentrations in basil (2.45±1.50 mg/kg),
radish (3.02± 2.01 mg/kg) and purslane (1.97±0.79
mg/kg) were reported. It is worth noting that the average of chromium concentration in basil (0.16±0.13
mg/kg) and radish (0.17±0.15 mg/kg) and purslane
(0.12±0.08 mg/kg) were reported. According to the
above results, the highest lead concentration is purslane (11.13±9.65 mg/kg) and the lowest is basil
(9.7±6.81 mg/kg). The maximum cadmium concentration is related to radish (3.02±2.01 mg/kg) and the
lowest concentration is purslane (1.97±0.79 mg/kg).
Radish has the highest concentrations of chromium
(0.17±0.15 mg/kg) and the lowest is related to purslane (0.12±0.08 mg/kg). According to Table 2, the
average of lead concentration in basil, radishes and
purslane in the north and south was not equal, and
the difference was significant, statistically (Pvalue<.05). As one can see, significant differences
between the mean concentration of cadmium in the
north and south was exist. However, significant differences are exist between the average cadmium
concentration in radish and purslane (P-value<.05).
Also, a significant difference between the mean concentrations of chromium in the north and south and
vegetables was not indicated.
The results of Table 3 showed, according to homogeneity test, the variance of lead and chromium
in groups was not equal; therefore, the Welch test
was used to compare four seasons of spring, summer, autumn and winter. Also, Tamhanse test was
used to compare two seasons. Cadmium variance of
the metal was equal in all groups; so, ANOVA and
LSD tests were used to compare between seasons
and any two seasons.

Pb

Cd

Cr

6.322.71
14.7613.31
8.688.25
10.05±10.37
9.95±7.62

3.521.75
2.071.44
2.191.43
2.11±1.54
2.47±1.57

0.240.16
0.150.11
0.090.07
0.12±0.10
0.15±0.13

Test results indicate the mean of Lead differences in sample-vegetables irrigated with surface
water from the seasons of spring, summer, autumn
and winter are significant (P-value<.05). A significant difference between the seasons of spring, summer, autumn and winter was indicated in Cr (Pvalue<.05). Statistical tests show that the mean of
cadmium in spring and summer, with autumn and
winter was significant (P-value<.05). The lead metal
as shown in Table 3 is the highest monthly average;
the highest in summer (14.76±13.31 mg/kg) and the
lowest in spring (6.32±2.71mg/kg). Survey results
showed that the average lead concentration was
10.39±10.22 mg/kg; cadmium (2.51±1.58 mg/kg)
and Cr (0.15±0.13 mg/kg) in vegetables. The highest
average concentration of heavy metals is lead; afterward cadmium and chromium. Comparing the results of lead, cadmium and chromium with standards
indicated that lead and cadmium levels were above
the standard of WHO/FAO and Chromium was
lower than the standard rate. T-test result indicates
statistically significant differences (P-value<.05) between the mean of lead, cadmium and chromium
which were exceeded than WHO/FAO. Standard
values for heavy metals in WHO/FAO vegetables
are given in Table 4 [43].
According to results, the lead (Pb) levels reported in this study were lower than those reported
for vegetables in Shahroud [44] and higher than
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(2003) Determination of trace heavy
metal contents of green vegetable samples from
Kayseri-Turkey by flame atomic absorption
spectrometry. Fresen. Environ. Bull. 12, 11231125.
[3] Sharma, R., Agrawal, M., Marshall, F. (2006)
Heavy metal contamination in vegetables grown
in wastewater irrigated areas of Varanasi, India.
Bulletin of environmental contamination and
toxicology. 77, 312-318.
[4] Zohrehvand, F., Takdastan, A., Jaafarzadeh, N.,
Ramezani, Z., Gharibi, H., Nazarzadeh, A.
(2014) Assessment of Lead Contamination in
Vegetables. Irrigation Water and Soil in
Farmlands Irrigated by Surface Water in Ahvaz,
J. Mazandaran. Univ. Med. Sci. 24, 225-230.
[5] Keshtkar, M., Dobaradaran, S., Soleimani, F.,
Karbasdehi,
V.N.,
Mohammadi,
M.J.,
Mirahmadi, R., Ghasemi, F.F. (2016) Data on
heavy metals and selected anions in the Persian
popular herbal distillates. Data in brief. 8, 2125.
[6] Jusuf, K., Stafilov, T., Vasjari, M., Korca, B.,
Halili, J., Berisha, A. (2017) Measuring the
presence of heavy metals and their
bioavailability in potato crops around Kosovo' s
power plants. Fresen. Environ. Bull. 26, 16821686.
[7] Jusufi, K., Stafilov, T., Vasjari, M., Korça, B.,
Halili, J., Berisha, A. (2016) Determination of
heavy metals by icp-aes in the agricultural soils
VXUURXQGLQJ NRVRYR¶V SRZHU SODQWV. Fresen.
Environ. Bull. 25, 1313-1321.
[8] Khan, S., Rehman, S., Khan, A.Z., Khan, M.A.,
Shah, M.T. (2010) Soil and vegetables
enrichment with heavy metals from geological
sources in Gilgit, northern Pakistan.
Ecotoxicology and environmental safety. 73,
1820-1827.
[9] 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.
[10] Tiwari, K., Singh, N., Patel, M., Tiwari, M., Rai,
U. (2011) Metal contamination of soil and
translocation in vegetables growing under
industrial wastewater irrigated agricultural field
of Vadodara, Gujarat, India. Ecotoxicology and
environmental safety. 74, 1670-1677.
[11] Rattan, R., Datta, S., Chhonkar, P., Suribabu K.,
Singh, A. (2005) Long-term impact of irrigation
with sewage effluents on heavy metal content in
soils, crops and groundwater²a case study.
Agriculture, Ecosystems & Environment. 109,
310-322.
[12] Xu, H., Zhu, J., Lei, C., Xu, X., Wang, W., Lu,
Y., Zhang, D. (2016) The Investigation of
Perfluorinated Compounds in Surface Waters of
the Xixi Wetland, Hangzhou, China. Bulletin of

those reported for vegetables in Sanandaj for Pb and
Cd and India for Pb [9, 45].
TABLE 4
Comparison of the average concentration of
heavy metals in the studied vegetables FAO /
WHO (mg / kg)
Heavy metals
Pb
Cd
Cr

Average concentrations in vegetables
10.3910.22
2.511.58
0.150.13

Standard
WHO/FAO
5
0.2
2.3

The variation of heavy metal concentrations in
vegetables can be attributed to soils heavy metal
concentrations [8]and according to investigations of
the regions, farmers commonly use organic phosphorous fertilizers. Fertilizers contain high amount
of Lead and Cadmium. The sources of heavy metals
from sewage sludge applied to soil, fertilizers and
agricultural chemicals that may lead to increased
concentrations of heavy metals [46]. Heavy metal
pollution not only directly affect the physical and
chemical characteristics of the soil, reducing soil biological activity and reducing bioavailable nutrients
efficiently, but also a serious risk to human health
through the food chain [47]. So, check the status of
food contamination by heavy metals is necessary,
periodically.
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SOHSUHVHQWO\WKHJUHHQKRXVHDJULFXOWXUHLVSRSXODU
L]HGLQPDQ\FRXQWULHVLQFOXGLQJWKH8QLWHG6WDWHV
1HWKHUODQGV ,VUDHO DQG VR RQ >@ )RU &KLQD WKH
JUHHQKRXVHDJULFXOWXUHUHODWLYHO\VWDUWVODWHHYHQVR
&KLQDKDVWKHZRUOG¶VODUJHVWDUHDRIJUHHQKRXVHDJ
ULFXOWXUHXQWLOQRZ>@)XMLDQLVDPDMRUSURYLQFHRI
&KLQDWKDWGHYHORSVJUHHQKRXVHDJULFXOWXUHDFFRUG
LQJWRWKHVXUYH\E\)XMLDQJRYHUQPHQWLQ)X
MLDQKDVDWRWDOJUHHQKRXVHFXOWLYDWHGDUHDRI
KDDQGKDVIUXLWYHJHWDEOHEDVHVZLWKWKHVFDOHRI
PRUHWKDQKD
*UHHQKRXVH DJULFXOWXUH FDXVHV YDULRXV HQYL
URQPHQWDOSUREOHPVZKHQEULQJLQJJUHDWVRFLDODQG
HFRQRPLFEHQHILWV7KHUHLQQRQSRLQWVRXUFHSROOX
WLRQDQGXQGHUJURXQGZDWHUSROOXWLRQFDQQRWEHLJ
QRUHG $OWKRXJK IHUWLOL]HU HOHPHQWV DQG SHVWLFLGHV
DUHWKHPDLQVXEVWDQFHVWKDWOHDGWRWKHSROOXWLRQLU
ULJDWLRQZDWHULVWKHLPSRUWDQWGULYLQJIDFWRU>@7KH
H[FHVVLYHLUULJDWLRQUHVXOWVLQWKHORVVRIQLWUDWHQL
WURJHQ>@DVZHOODVVRPHVROXEOHSRLVRQV7KHUH
IRUH ILQGLQJ RXW WKH UHDVRQDEOH LUULJDWLRQ VFKHPH
DQGUHDOL]LQJWKHSUHFLVLRQLUULJDWLRQDUHRIJUHDWVLJ
QLILFDQFH WR WKH VXVWDLQDEOH GHYHORSPHQW RI JUHHQ
KRXVHDJULFXOWXUH
)RUPRVWJUHHQKRXVHVLQ&KLQDLUULJDWLRQGH
SHQGV RQ WKH VXEMHFWLYH H[SHULHQFH ZKLFK DLPV DW
DFKLHYLQJKLJKHUFURS\LHOG:KLOHWKHFURSVFDQQRW
DEVRUEH[WUDZDWHUH[FHVVLYHVRLOPRLVWXUHPD\UH
VXOW LQ ZDWHUORJJLQJ VWUHVV IRU FURS >@ ,Q IDFW
FURSZDWHUFRQVXPSWLRQUHODWHVFORVHO\WRWKHFXOWL
YDWHGHQYLURQPHQW>@7KHVHHQYLURQPHQWDOIDFWRUV
LQFOXGHWHPSHUDWXUHDLUSUHVVXUHZLQGYHORFLW\VRLO
ZDWHUUHWHQWLRQDELOLW\HWF>@+RZHYHUDWSUHVHQW
WKHDERYHHQYLURQPHQWDOIDFWRUVDUHSULPDULO\PRQL
WRUHGIRUILHOGFURSVIHZDWWHQWLRQVKDYHEHHQSDLG
LQJUHHQKRXVHFURSV0RUHRYHUWKHGHYHORSPHQWRI
WKH LUULJDWLRQ VFKHGXOLQJ E\ FRPSUHKHQVLYHO\ FRQ
VLGHULQJWKHHQYLURQPHQWDOIDFWRUVXQGHUJUHHQKRXVH
ZHUHVHOGRPVWXGLHG
3UHVHQWO\SUHFLVLRQHVWLPDWLRQRIHYDSRWUDQVSL
UDWLRQ (7 KDVJDLQHGVFLHQWLILFLQWHUHVWGXHWRKLJK
LPSRUWDQFH LQ K\GURORJLFDO PRGHOLQJ LUULJDWLRQ

ABSTRACT
3UHFLVLRQ LUULJDWLRQ RIIHUV H[FHOOHQW SURVSHFWV
LQWHUPVRIVDYLQJZDWHUUHGXFLQJSROOXWLRQDQGLP
SURYLQJFURS\LHOGIRUJUHHQKRXVHDJULFXOWXUH+RZ
HYHU WKH SUHFLVLRQ LUULJDWLRQ VFKHGXOLQJ GHSHQGV
JUHDWO\RQWKHHQYLURQPHQWDOIDFWRUVVXFKDVWHPSHU
DWXUHDLUSUHVVXUHZLQGYHORFLW\HWF,QWKLVVWXG\
WKHHQYLURQPHQWDOLQGLFDWRUVLQIRXUJUHHQKRXVHVRI
&KDQJOH )X]KRX -LQDQ  /LDQMLDQJ )XTLQJ LQ )X
MLDQSURYLQFHRI&KLQDZHUHPRQLWRUHGDQGWKH3HQ
PDQ0RQWHLWKPRGHOZDVXVHGWRSUHFLVHO\FDOFXODWH
WKHLUULJDWLRQDPRXQWVLQWKHVHIRXUW\SLFDODUHDV5H
VXOWVVKRZHGWKDWWKHPenman-MonteithPRGHOFRXOG
ZHOOVDWLVI\WKHUHTXLUHPHQWUHJDUGLQJWKHLUULJDWLRQ
DPRXQWFDOFXODWLRQIRUWKHWRPDWRXQGHUJUHHQKRXVH
FRQGLWLRQV$FFRUGLQJ WR WKH FDOFXODWLRQ UHVXOW WKH
WRWDO LUULJDWLRQ DPRXQWV RI &KDQJOH )X]KRX /LDQ
MLDQJDQG)XTLQJZHUHDQG
PPUHVSHFWLYHO\DQGWKHDYHUDJHO\GDLO\LUULJDWLRQ
DPRXQWVZHUHDQGPPUHVSHF
WLYHO\6LPLODUFDOFXODWLRQUHVXOWVIRUWKH IRXUDUHDV
SRVVLEO\GXHWRWKDWWKHLUORFDWLRQVZHUHLQWKHVDPH
SURYLQFHZKLFKVKDUHGWKHVHPEODEOHFOLPDWHV2XU
VWXG\ KLJKOLJKWHG WKH LPSRUWDQFH RI HQYLURQPHQWDO
IDFWRUV ZKHQ GHYHORSLQJ LUULJDWLRQ VFKHGXOLQJ IRU
JUHHQKRXVHFURSV7KLVVWXG\FRXOGSURYLGHEHQHIL
FLDO LQIRUPDWLRQ IRU WKH SUHFLVH LUULJDWLRQ RI WKH
JUHHQKRXVH FXOWLYDWLRQ DQG SURYLGH DQ LPSRUWDQW
IRXQGDWLRQIRUIXUWKHUGHYHORSPHQWRISUHFLVLRQDJ
ULFXOWXUDOGHFLVLRQV\VWHP
.(<:25'6
HQYLURQPHQWSUHFLVLRQLUULJDWLRQJUHHQKRXVHFURS

INTRODUCTION
6LQFHJUHHQKRXVHDJULFXOWXUHZHOOVDWLVILHVWKH
\HDUURXQGGHPDQGRIIUXLWVDQGYHJHWDEOHVIRUSHR
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JUHHQKRXVH LV ORFDWHG LQ /LDQJMLDQJ *DUGHQ /LDQ
MLDQJEHORQJVWRWKH VXEWURSLFDO PDULWLPH PRQVRRQ
FOLPDWH ZLWK ZDUP VHDVRQV 7KH WRWDO FLW\ DUHD LV
DURXQGNP7KHDYHUDJHDQQXDOWHPSHUDWXUHRI
/LDQMLDQJLV&7KH\HDUO\SUHFLSLWDWLRQDPRXQW
LVDERXWPP
)XTLQJ 7KH ODWLWXGH DQG ORQJLWXGH RI )XTLQJ
DUH  DQG  UHVSHFWLYHO\ 7KH JUHHQ
KRXVHLVORFDWHGLQ/YIHQJ*UDSH*DUGHQRI)XTLQJ
FLW\)XTLQJEHORQJVWRWKHVRXWK$VLDQWURSLFDOFOL
PDWH]RQHDQGWKHPRQVRRQFOLPDWHLVUHPDUNDEOH
7KHDYHUDJHDQQXDOWHPSHUDWXUHRI)XTLQJLV&

SODQQLQJDQGZDWHUUHVRXUFHVPDQDJHPHQW>@7KH
3HQPDQ0RQWHLWK 30 PRGHOLVWRFDOFXODWHUHIHU
HQFH FURS HYDSRWUDQVSLUDWLRQ (7 ZKLFKFRQVLGHUV
DHURG\QDPLFVDQGHQHUJ\EDODQFH>@$VDVWDQGDUG
PHWKRGUHFRPPHQGHGE\)RRGDQG$JULFXOWXUH2U
JDQL]DWLRQ RI WKH 8QLWHG 1DWLRQV )$2  3HQPDQ
0RQWHLWK 30 PRGHOKDVEHHQYHULILHGLQYDULRXV
DUHDVZLWKGLIIHUHQWFOLPDWHVDQGLVZHOODFFHSWDEOH
LQWKHZRUOGZLGH>@+RZHYHUWKH30PRGHOUH
TXLUHVQXPHURXVPHWHRURORJLFDO GDWDWKLVOLPLWHGLWV
DSSOLFDWLRQLQWKRVHDUHDVWKDWODFNRULJLQDOPHWHRUR
ORJLFDOLQIRUPDWLRQVXFKDVWKHJUHHQKRXVHDUHDV
,QWKLVVWXG\IRXUPDLQJUHHQKRXVHFXOWLYDWHG
DUHDV &KDQJOH )X]KRX /LDQMLDQJ DQG )XTLQJ  LQ
)XMLDQSURYLQFHRI&KLQDZHUHFKRVHQIRUWKHLQYHV
WLJDWLRQ 7KH HQYLURQPHQWDO LQGH[HV LQ WKH JUHHQ
KRXVH ZHUH GDLO\ PRQLWRUHG 0HDQZKLOH WKH 30
PRGHOZDVLQWURGXFHGWRFDOFXODWH(7EDVHGRQWKH
HQYLURQPHQWDOLQGLFDWRUV7KHQWKHGDLO\FURSZDWHU
FRQVXPSWLRQ ZDV SUHGLFWHG E\ WKH FURS FRHIILFLHQW
.F DQG(72XUVWXG\UHVXOWVFDQSURYLGHEHQHIL
FLDO UHIHUHQFHV IRU VLPLODU FRQGLWLRQV DQG SURYLGH
SUDFWLFDO EDVLV IRU WKH VXVWDLQDEOH GHYHORSPHQW RI
JUHHQKRXVHDJULFXOWXUH

&URSPDQDJHPHQW DQGGDWDFROOHFWLRQ 7KH
IRXUFXOWLYDWHGDUHDVDGRSWHGWKHVDPHWRPDWRYDUL
HW\ +RQJEDRVKL  DV SODQW PDWHULDO 7KH ZKROH
JURZWKVHDVRQRIWRPDWRZDVGLYLGHGLQWRVWDJHV
JHUPLQDWLRQVWDJHYLJRURXVJURZWKVWDJHIORZHULQJ
VWDJHIUXLWVZHOOLQJVWDJHDQGWKHPDWXULW\VWDJH7KH
GHWDLOHGGLYLVLRQRIJURZWKVWDJHRIWKHWRPDWRZDV
DOVRVKRZQLQ7DEOH
7KH WRPDWRHV ZHUH SODQWHG ZLWK D SODQWWR
SODQWVSDFLQJRIPDQGOLQHWROLQHVSDFLQJRI
P:LUHDQGURSHZHUHXVHGWRSUHYHQWWKHORGJLQJ
RIWKHVHHGOLQJV7KHFRPSRXQGIHUWLOL]HU 13DQG
. ZDVXVHGDVEDVDOIHUWLOL]HU)RUWKHIRXUDUHDVWKH
FXOWLYDWHG PHWKRG PDQDJHPHQW VWUDWHJ\ IHUWLOL]HU
DSSOLFDWLRQDPRXQWDVZHOODVWKH ZHHGLQJDQGLQ
VHFWLFLGHVSUD\LQJRSHUDWLRQZHUHWKHVDPH1RDG
GLWLRQDOOLJKWDQG&2ZHUHSURYLGHG
7KHJUHHQKRXVHHQYLURQPHQWDOPRQLWRULQJV\V
WHP )$0(06 ZDVXVHGWRFROOHFWWKHGDWDRIHQ
YLURQPHQWDO LQGLFDWRUV 7KH V\VWHP ZDV DEOH WR
PHDVXUHWKHDLUWHPSHUDWXUHDLUKXPLGLW\VRLOWHP
SHUDWXUHOLJKWLQWHQVLW\VRLOPRLVWXUHDQG&2FRQ
FHQWUDWLRQ

MATERIALS AND METHODS
([SHULPHQWDOVLWH7KHH[SHULPHQWVZHUHFDU
ULHGRXWLQGLIIHUHQWDUHDVRI)XMLDQSURYLQFHLQ
FOXGLQJ &KDQJOH FLW\ )X]KRX FLW\ /LDQMLDQJ FLW\
DQG)XTLQJFLW\
&KDQJOH7KHODWLWXGHDQGORQJLWXGHRI&KDQJOH
DUH  DQG  UHVSHFWLYHO\ 7KH JUHHQ
KRXVH LV ORFDWHG LQ ;LQJPDRIHQJ )DUPODQG RI
&KDQJOHFLW\&KDQJOHEHORQJVWRWKHVRXWK$VLDWURS
LFDO PDULQH PRQVRRQ FOLPDWH ]RQH ZKLFK LV ZDUP
DQGZHW$YHUDJHDQQXDOWHPSHUDWXUHLQ&KDQJOHLV
&DFFXPXODWLYHWHPSHUDWXUHLV&7KH
\HDUO\ VXQVKLQH KRXUV DUH  K 7KH IURVWIUHH
GXUDWLRQ LV  GD\V 7KH \HDUO\ SUHFLSLWDWLRQ
DPRXQWLVPP0D\DQG-XQHRFFXSLHG
RIWKHWRWDODPRXQWDQG-XO\WR6HSWHPEHURF
FXSLHG
)X]KRX -LQDQ 7KH ODWLWXGH DQG ORQJLWXGH RI
)X]KRX DUH  DQG  UHVSHFWLYHO\ 7KH
JUHHQKRXVH LV ORFDWHG LQ WKH 4LDQFKHQJ *DUGHQ RI
)X]KRXFLW\)X]KRXEHORQJVWRWKHVXEWURSLFDOPRQ
VRRQ FOLPDWH ZLWK GLVWLQFW VHDVRQV DQG DGHTXDWH
UDLQIDOOV 7KH IURVWIUHH GXUDWLRQ LV  GD\V 7KH
\HDUO\VXQVKLQHKRXUVDUHKRXUV7KHDY
HUDJHDQQXDOWHPSHUDWXUHRI)X]KRXLV&WKH
FROGHVWPRQWKVDUH-DQXDU\DQG)HEUXDU\ZLWKDYHU
DJHWHPSHUDWXUHRIRQO\&WKHKRWWHVWPRQWKVDUH
-XO\DQG$XJXVWZLWKDYHUDJHWHPSHUDWXUHRI&
7KH\HDUO\SUHFLSLWDWLRQDPRXQWRI )X]KRX LV
PP
/LDQMLDQJ 7KH ODWLWXGH DQG ORQJLWXGH RI
/LDQJMLDQJDUHDQGUHVSHFWLYHO\7KH

30PRGHO(7ZDVFDOFXODWHGXVLQJWKH30
PRGHODFFRUGLQJWR)$2  >@
900
 u2 ( ea  ed )
T  273
'  J  (1  0.34  u2 )

0.408  '  ( Rn  G )  J 
ETo

:KHUHڹZDVWKHVORSHRIWKHVDWXUDWHGYDSRUSUHV
VXUH WR WKH WHPSHUDWXUH FXUYH N3D& 5Q ZDV WKH
UHIHUHQFH VXUIDFH QHW UDGLDWLRQ RI WKH FURS FDQRS\
0- PāG  * ZDV WKH VRLO KHDW IOX[ 0- PāG  Ȗ
ZDVWKHFRQVWDQWIRUSUHVHQWLQJWKHZHWRUGU\GHJUHH
N3D& 7 ZDV WKH DYHUDJH WHPSHUDWXUH & ȝZDV
WKHDYHUDJHZLQGVSHHGLQWKHPKHLJKWPVHDZDV
WKHVDWXUDWLRQYDSRXUSUHVVXUHN3DHVZDVWKHDFWXDO
YDSRXUSUHVVXUHN3D
,UULJDWLRQDPRXQWFDOFXODWLRQ7KHZDWHUEDO
DQFHHTXDWLRQRIIDUPODQGZDVXVHGWRFDOFXODWHWKH
LUULJDWLRQDPRXQW , >@

ET

P  I  U - R - D - 'W

:KHUH 3ZDV WKH YDOLG UDLQIDOO PP  (7 ZDV WKH
HYDSRWUDQVSLUDWLRQDPRXQW PP 8ZDVWKHJURXQG
ZDWHUUHFKDUJH PP 5ZDVWKHUXQRII PP 'ZDV
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IRXUH[SHULPHQWDODUHDV ZHUHLQWKH VDPH SURYLQFH
DQGWKHGLVWDQFHVDPRQJWKHPZHUHQHDUWKXVWKHFOL
PDWHFRQGLWLRQVIRUWKHJUHHQKRXVHVZHUHDQDORJLFDO
'XULQJ-DQWR-DQLQWKHJHUPLQDWLRQVWDJHWKH
DYHUDJH DLU WHPSHUDWXUH ZDV LQ WKH UDQJH RI  WR
&'XULQJWKHIUXLWVZHOOLQJVWDJHWKHWHPSHUD
WXUHZDVLQWKHUDQJHRIWR&'XULQJWKHPD
WXULW\VWDJHWKHWHPSHUDWXUHZDVUHODWLYHO\KLJKGXH
WRHQWHULQJVXPPHUVHDVRQWKHPD[LPXPWHPSHUD
WXUHZDVUHFRUGHGE\&KDQJOHUHDFKLQJ&IRO
ORZLQJE\/LDQMLDQJDQG)XTLQJ)X]KRXFDUULHGRXW
WKHFRUUHVSRQGLQJFRROLQJPHDVXUHDWWKHODWHUVWDJH
WKXVWKHWHPSHUDWXUHZDVFRQWUROOHGQHDUO\&
$LUKXPLGLW\ZDVDQRWKHULPSRUWDQWIDFWRUWKDW
LQIOXHQFLQJWKHJURZWKRIWRPDWR([FHVVLYHKXPLG
LW\ZRXOGFDXVHSODQWGLVHDVH>@+RZHYHUZKHQ
WKH KXPLGLW\ ZDV WRR ORZ WKH JURZWK RI WRPDWR
ZRXOG EH QHJDWLYHO\ LQIOXHQFHG VXFK DV WKH GHIL
FLHQF\LQKXPLGLW\GXULQJWKHJHUPLQDWLRQVWDJHGH
OD\HG WKH IORZHULQJ RI WRPDWR UHVXOWHG LQ WKH
PDOGHYHORSPHQW RI IORUDO RUJDQV OHG WR VPDOO DQG
DEQRUPDOIORZHUV>@)LJVKRZHGWKHFKDUDFWHUV
RQ WKH YDULDWLRQ RI DLU KXPLGLW\ GXULQJ WKH ZKROH
JURZWKVWDJHRIWRPDWRLQWKHJUHHQKRXVHV$VZDV
VKRZQLQ)LJWKHDLUKXPLGLW\LQWKHJUHHQKRXVHV
ZDVLQDUHODWLYHO\KLJKOHYHOUDQJLQJIURPWR
 ZKLFK ZHOO VDWLVILHG WKH UHTXLUHPHQW RI WR
PDWRJURZWKDQGGHYHORSPHQW+RZHYHUDFFRUGLQJ
WRWKHPRQLWRUHGUHVXOWVWKHKXPLGLW\LQ)X]KRXDQG
&KDQJOHZDVUHODWLYHO\ORZHULQVRPHSHULRGVLQWKH
IUXLWVZHOOLQJVWDJHZKLFKPLJKWEHORZHUWKDQ
)LJVKRZHGWKHFKDUDFWHUVRQWKHYDULDWLRQRIDLU
SUHVVXUHGXULQJWKHZKROHJURZWKVWDJHRIWRPDWRLQ
WKHJUHHQKRXVHV$VZDVGLVSOD\HGLQ)LJWKHDLU
SUHVVXUHVRIWKHIRXUJUHHQKRXVHVZHUHDSSUR[LPDWH
FORVHWRWKHDWPRVSKHUHSUHVVXUHKHUHLQWR&KDQJOH V
DLUSUHVVXUH ZDV VOLJKWO\ KLJKHUZKLOH)X]KRX ZDV
ORZHU

WKHGHHSSHUFRODWLRQ PP DQG ڹ:ZDVWKHYDULD
WLRQRIVRLOPRLVWXUHEHIRUHDQGDIWHUWKHH[SHULPHQW
PP )RUWKLVVWXG\ 38 WKH JURXQG ZDWHUOHYHO
ZDVEHORZP 5DQG'FRXOGEHLJQRUHG7KHQWKH
HTXDWLRQFRXOGWKXVEHVLPSOLILHGDV

I

ET  'W

ET K c u ET0
:KHUH.FZDVWKHFURSFRHIILFLHQWKHUHWKHFURSUH
IHUUHGWRWKHWRPDWR

RESULT AND DISCUSSION

&KDUDFWHUVRQWKHYDULDWLRQRIDLUWHPSHUD
WXUHKXPLGLW\DQGDLUSUHVVXUH7KHKLJKDLUWHP
SHUDWXUH QHJDWLYHO\ LQIOXHQFHG WKH QRUPDO JURZWK
DQGGHYHORSPHQWRIFURSVLQFOXGLQJGDPDJLQJWKH
FKORURSODVW GHFUHDVLQJ SKRWRV\QWKHVLV UDWH DQG
FORVLQJ WKH OHDI VWRPD7KH H[FHVVLYH WUDQVSLUDWLRQ
FDXVHGE\KLJKDLUWHPSHUDWXUHUHVXOWHGLQZDWHUGH
ILFLHQF\ 0RUHRYHU WKH KLJK WHPSHUDWXUH LQFUHDVHG
WKHFRQVXPSWLRQRIUHVSLUDWLRQWKXVUHGXFHGWKHQX
WULHQW XSWDNH RI FURS SODQW ,I WKH WRPDWR ZDV VXE
MHFWHGWRKLJKDLUWHPSHUDWXUHLQDXWXPQVHDVRQWKH
SODQWVZRXOGJURZH[FHHGLQJO\WKLVZHDNHQWKHFROG
UHVLVWDQFHDELOLW\RIWRPDWRSODQW>@2QWKHFRQ
WUDU\ ZKHQ ORZ WHPSHUDWXUH RFFXUUHG WKH VDFFKD
URVH FRQWHQW LQ WKH SODQW ZDV LQFUHDVHG DQG WKH
VWDUFK JUDQXOH ZDV WUDQVIRUPHG WR VROXEOH VXJDU
7KHVH KHOSHG WKH WRPDWR EH PRUH DGDSWDEOH WR WKH
ORZ WHPSHUDWXUH VWUHVV >@ 7KHUHIRUH DV DERYH
PHQWLRQHGWKHWHPSHUDWXUHZDVRIJUHDWPHDQLQJIXO
IRUWKHJURZWKDQGGHYHORSPHQWRIWRPDWR
)LJGLVSOD\HGWKHFKDUDFWHUVRQWKHYDULDWLRQ
RIDLUWHPSHUDWXUHGXULQJWKHZKROHJURZWKVWDJHRI
WRPDWRLQWKHJUHHQKRXVHV$VZDVVKRZQLQ)LJ
WKH DLU WHPSHUDWXUH SUHVHQWHG YRODWLOLW\ LQFUHDVH
WUHQGDQGWKHYDULDWLRQUHJXODULWLHVRIWKHIRXUJUHHQ
KRXVHVZHUHVLPLODU7KLVSUREDEO\EHFDXVHWKDWWKH
7$%/(
7KHGLYLVLRQRIWKHZKROHJURZWKVWDJHRIWRPDWR
*URZWKVWDJH
'XUDWLRQ

*HUPLQDWLRQVWDJH
-DQ-DQ

9LJRURXVVWDJH
-DQ)HE

)ORZHULQJVWDJH
)HE)HE

)UXLWVZHOOLQJVWDJH
)HE0D\

0DWXULW\VWDJH
0D\$XJ

),*85(
&KDUDFWHUVRQWKHYDULDWLRQRIDLUWHPSHUDWXUHLQWKHJUHHQKRXVHVRI&KDQJOH)X]KRX/LDQMLDQJDQG
)XTLQJLQ)XMLDQSURYLQFHRI&KLQD
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&KDUDFWHUVRQWKHYDULDWLRQRIDLUSUHVVXUHLQWKHJUHHQKRXVHVRI&KDQJOH)X]KRX/LDQMLDQJDQG
)XTLQJLQ)XMLDQSURYLQFHRI&KLQD
(7DQG,FDOFXODWLRQV)LJGLVSOD\HGWKH(7
DQG,IRUWKH JUHHQKRXVH WRPDWRHVLQ&KDQJOH)X
]KRX/LDQMLDQJDQG)XTLQJ.FYDOXHDGRSWHG;X V
>@UHVXOW$V ZDVVKRZQLQ)LJWKH FDOFXODWLRQ
UHVXOWV IRU WKH IRXU JUHHQKRXVHV ZHUH VLPLODU WKLV
PDLQO\EHFDXVHWKDWWKH30PRGHOGHSHQGHGJUHDWO\
RQ WKH HQYLURQPHQWDO GDWD ZKLOH WKH IRXU JUHHQ
KRXVHVZHUHQHDULQGLVWDQFHWKXVWKHFOLPDWHFRQGL
WLRQV KDG UHODWLYHO\ OHVV GLIIHUHQFHV %HVLGHV LW
VKRXOGEHQRWLFHGWKDWDWWKHIUXLWVZHOOLQJDQGPD
WXULW\VWDJHWKHFDOFXODWHGLUULWDWLRQDPRXQWZDVRE
YLRXVORZHUFRPSDUHGWR(7WKLVSRVVLEO\EHFDXVH
WKDWLQWKHODWHUJURZWKVWDJH.FYDOXHZDVUHGXFHG
PHDQZKLOHORZHUWKHLUULJDWLRQDPRXQWLQWKHODWHU
JURZWKVWDJHZDVEHQHILFLDOIRUWKHIUXLWTXDOLW\LP
SURYHPHQW>@
,QWKHHDUO\ JURZWKVWDJH RI WRPDWROHDIDUHD
ZDVSURYHGE\HDUO\VWXG\WRLQIOXHQFHWKHSODQWZD
WHU XSWDNH JUHDWO\ +RZHYHU LQ WKH PLGGOH DQG WKH
ODWHJURZWKVWDJHWKHOHDIDUHDWHQGHGWREHVWDEOH
WKHQ WKH HIIHFWV RI HQYLURQPHQWDO IDFWRUV DQG VRLO
FKDUDFWHUVRQSODQW ZDWHU XVH ZHUH PRUH DQG PRUH
REYLRXV>@7KHUHIRUHLWFRXOGEHLQIHUUHGWKDWWKH
30PRGHOZDVPRUHSUHFLVLRQLQFDOFXODWLQJ(7DQG
, LQ WKH ODWH JURZWK VWDJH RI WRPDWR 2Q WKH RWKHU

6RLOWHPSHUDWXUH6RLOWHPSHUDWXUHZDVDSDW
WHUQ RI PDQLIHVWDWLRQUHJDUGLQJWKHHQHUJ\LQWKHVRLO
V\VWHP7KHVRLOWHPSHUDWXUHDIIHFWHGWKHLQQHUSK\V
LFDO DQG FKHPLFDO SURFHVVHV WKURXJK FKDQJLQJ WKH
HQHUJ\VWDWXVRIVRLOZDWHU7KHUHIRUHWKHVRLOWHP
SHUDWXUH ZDV RQH RI WKH LQGH[HV LQGLFDWLQJ WKH VRLO
HQHUJ\VWDWXV7KH YDULDWLRQRIVRLOWHPSHUDWXUH DI
IHFWHG WKH FURS JURZWK DQG VRLO FKDUDFWHUV LQ JUHDW
GHJUHHV>@)LJVKRZHGWKHFKDUDFWHUVRQWKH
YDULDWLRQ RI VRLO WHPSHUDWXUH GXULQJ WKH ZKROH
JURZWKVWDJHRIWRPDWRLQWKHIRXUJUHHQKRXVHV$V
ZDVVKRZQLQ)LJWKHVRLOWHPSHUDWXUHZDVFORVHO\
UHODWHGWRWKHDLUWHPSHUDWXUH )LJ ZKLFKERWKSUH
VHQWHG WKH LQFUHDVH WUHQG )RU WKH GLIIHUHQW JUHHQ
KRXVHVWKHVRLOWHPSHUDWXUHUHDFKHGWKHKLJKHVWOHYHO
DURXQG -XQ  WKLV ZDV SDUWLFXODUO\ REYLRXV LQ
&KDQJOHWKHVRLOWHPSHUDWXUHDIWHU-XQLQ&KDQJOH
PDLQWDLQHG&)RU)X]KRXWKHVRLOWHPSHUDWXUH
DIWHU -XQ  ZDV QHDUO\  & %HVLGHV /LDQMLDQJ
DQG )XTLQJ KDG UHODWLYHO\ KLJKHU VRLO WHPSHUDWXUHV
FRPSDUHGWR)X]KRX2YHUDOOLQFPVRLOOD\HU
WKHVRLOWHPSHUDWXUHKDGOLWWOHGLIIHUHQFHVIRUHDFK
FPOD\HU7KXVLQWKHIXUWKHUVWXG\RQHFHUWDLQ
VRLOOD\HUZLWKFPGHSWKFRXOGEHFRQVLGHUHGDV
WKHPRQLWRUHGREMHFW
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KDQG WKH FDOFXODWHG UHVXOW RI , ZDV GLIIHUHQW FRP
SDUHGWRWKHFRQYHQWLRQDOLUULJDWLRQVFKHGXOLQJ7KLV
ZDVEHFDXVHWKDWWKHHDUO\VWXG\FRQVLGHUHGPRUHRQ
WKH FURS JURZWK FKDUDFWHUV WKH LUULJDWLRQ DPRXQW
ZDV ORZHU LQ WKH HDUO\ VWDJH WKHQ LQFUHDVHG LQ WKH
PLGGOHVWDJHDQGGHFUHDVHGLQWKHODWHVWDJH>@,Q
+RX V VWXG\ HYHQ WKH FURS ZDWHU UHTXLUHPHQW ZDV
QRWWDNHQLQWRDFFRXQWWKHFURSZDVLUULJDWHGXVLQJ
WKHLUULJDWLRQTXRWD>@2XUUHVXOWKLJKOLJKWHGWKH
HIIHFWVRIHQYLURQPHQWDOIDFWRUVZKLFKZDVGLIIHUHQW
ZKHQFRPSDUHGWRWKHHDUO\VWXGLHV
$FFRUGLQJ WR WKH FDOFXODWLRQ UHVXOW 7DEOH  
WKH WRWDO LUULJDWLRQ DPRXQWV RI &KDQJOH )X]KRX
/LDQMLDQJDQG)XTLQJZHUHDQG
PPUHVSHFWLYHO\DQGWKHDYHUDJHO\GDLO\LUUL
JDWLRQDPRXQWVZHUHDQGPP
UHVSHFWLYHO\ 7KHVH UHVXOWV LQGLFDWHG WKDW WKH Penman-MonteithPRGHOFRXOGZHOOVDWLVI\WKHUHTXLUH
PHQWUHJDUGLQJWKHLUULJDWLRQDPRXQWFDOFXODWLRQIRU
WKHWRPDWRXQGHUJUHHQKRXVHFRQGLWLRQV

CONCLUSION
,QWKLVVWXG\WKHHQYLURQPHQWDOLQGH[HVLQFOXG
LQJDLUWHPSHUDWXUHKXPLGLW\VRLOWHPSHUDWXUH DQG
DLUSUHVVXUHLQIRXUGLIIHUHQWJUHHQKRXVHV &KDQJOH
)X]KRX/LDQMLDQJ)XTLQJ LQ)XMLDQSURYLQFHZHUH
PRQLWRUHGDQGWKH30PRGHOZDVXVHGWRSUHFLVHO\
FDOFXODWHWKHLUULJDWLRQDPRXQWLQWKHVHIRXUW\SLFDO
DUHDV5HVXOWVVKRZHGWKDWWKH30PRGHOFRXOGZHOO
VDWLVI\WKHUHTXLUHPHQWRILUULJDWLRQDPRXQWFDOFXOD
WLRQIRUWKHWRPDWRXQGHUJUHHQKRXVHFRQGLWLRQV$F
FRUGLQJWRWKHFDOFXODWLRQUHVXOWWKHWRWDOLUULJDWLRQ
DPRXQWVRI&KDQJOH)X]KRX/LDQMLDQJDQG)XTLQJ
ZHUHDQGPPUHVSHFWLYHO\
DQGWKHDYHUDJHO\GDLO\LUULJDWLRQDPRXQWVZHUH
DQGPPUHVSHFWLYHO\6LPLODUFDOFX
ODWLRQUHVXOWVIRUWKHIRXUDUHDVSRVVLEO\GXHWRWKDW
WKHLU ORFDWLRQV ZHUH LQ WKH VDPH SURYLQFH ZKLFK
VKDUHGWKHVHPEODEOHFOLPDWHV2XUVWXG\KLJKOLJKWHG
WKHLPSRUWDQFHRIHQYLURQPHQWDOIDFWRUVZKHQGHYHO
RSLQJ LUULJDWLRQ VFKHGXOLQJ IRU JUHHQKRXVH FURSV
7KLVVWXG\FRXOGSURYLGHEHQHILFLDOLQIRUPDWLRQIRU
WKHSUHFLVHLUULJDWLRQRIJUHHQKRXVHFXOWLYDWLRQDQG
SURYLGHDQLPSRUWDQWIRXQGDWLRQIRUIXUWKHUGHYHORS
PHQWRISUHFLVLRQDJULFXOWXUDOGHFLVLRQV\VWHP

Fuzhou

35

35

30

30

Soil temperature (ć)

Soil temperature (ć)

Changle

25
20
15
10
0 cm

5
0
Jan-16

Mar-16

10 cm

Apr-16

20 cm

Jun-16

30 cm

25
20
15
10
0 cm

5
0
Jan-16

Aug-16

Mar-16

Apr-16

Date

Jun-16

30 cm

Aug-16

Fuqing

35

35

30

30

Soil temperature (ć)

Soil temperature (ć)

20 cm

Date

Lianjiang

25
20
15
10
0 cm

5
0
Jan-16

10 cm

Mar-16

10 cm

Apr-16

20 cm

Jun-16

30 cm

25
20
15
10
0 cm

5

Aug-16

Date

0
Jan-16

Mar-16

10 cm

Apr-16

20 cm

Jun-16

30 cm

Aug-16

Date

),*85(
&KDUDFWHUVRQWKHYDULDWLRQRIVRLOWHPSHUDWXUHGXULQJWKHZKROHJURZWKVWDJHRIWRPDWRLQWKH
JUHHQKRXVHVRI&KDQJOH)X]KRX/LDQMLDQJDQG)XTLQJLQ)XMLDQSURYLQFHRI&KLQD
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),*85(
7KHHYDSRWUDQVSLUDWLRQ (7 DQGLUULJDWLRQDPRXQW , IRUWKHJUHHQKRXVHWRPDWRHVLQ&KDQJOH)X
]KRX/LDQMLDQJDQG)XTLQJRI)XMLDQSURYLQFHRI&KLQD
7$%/(
7RWDOLUULJDWLRQDPRXQWDQGDYHUDJHGDLO\LUULJDWLRQDPRXQW PP FDOFXODWHGE\3HQPDQ0RQWHLWKPRGHO
/RFDWLRQ
7RWDOLUULJDWLRQDPRXQW
'DLO\LUULJDWLRQDPRXQW

&KDQJOH



)X]KRX



/LDQMLQJ



)XTLQJ



[2] +RX 0 -LQ 4/X ; /L - =KRQJ + DQG
*DR<  *URZWK:DWHU8VHDQG1LWUDWH
1 8SWDNH RI *UHHQKRXVH 7RPDWR DV
,QIOXHQFHGE\'LIIHUHQW,UULJDWLRQ3DWWHUQV1
/DEHOHG'HSWKVDQG7UDQVSODQW7LPHV)URQWLHUV
LQ3ODQW6FLHQFH  
[3] +RX0&KHQ'6KDR;DQG=KDL<  
0XOFKLQJ DQG RUJDQLFLQRUJDQLF IHUWLOL]HU DSS
OLFDWLRQ UHGXFH UXQRII ORVVHV RI QLWURJHQ IURP
WREDFFR ILHOGV )UHVHQ (QYLURQ %XOO   

[4] +RX 0 =KRQJ ) -LQ 4 /LX ( )HQJ
-:DQJ7DQG*DR<  )DWHRIQLWURJHQ
 LQ WKH VXEVHTXHQW JURZLQJ VHDVRQ RI
JUHHQKRXVH WRPDWR SODQWV /\FRSHUVLFRQ
HVFXOHQWXP 0LOO  DV LQIOXHQFHG E\ DOWHUQDWH
SDUWLDO URRW]RQH LUULJDWLRQ 56& $GYDQFHV
  
[5] =KDQJ ; )DQ < 6KDEDOD 6.RXWRXOLV$
6KDEDOD/-RKQVRQ3+X+DQG=KRX0
  $ QHZ PDMRUHIIHFW 47/ IRU
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SOIL PETROLEUM CONTAMINATION AND UREA
FERTILIZATION INHIBIT NUTRIENT RELEASE FROM
WHITE CLOVER LITTER DURING DECOMPOSITION
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used in conjunction with phytoremediation to alleviate the inhibitory effects on plant litter decomposition.
Microbial population and activity, enzyme activity and soil nutrient conditions are the main external factors that control litter decomposition. Therefore, nitrogen fertilization may be a feasible approach for promoting litter decomposition because it
can (i) provide nutrient to microorganisms and increase their population [9, 10] and (ii) restore the disturbed soil biota and inhibited enzymatic activities
[11-14] by accelerating contaminants degradation
and reducing their toxicity. However, a few previous
studies have revealed that excess nitrogen in soil can
sometimes inhibit the activity of litter-decomposing
microorganisms and enzymes [15-19]. It remains unclear whether nitrogen fertilization promotes litter
decomposition and nutrient release in petroleumcontaminated soils, thereby supporting the community stability of remediator plants.
To clarify the effects of soil petroleum contamination and nitrogen fertilization on the nutrient release rate of plant litter, white clover (Trifolium repens), a remediator plant [20], was selected as the
object of this study. White clover litter (dead standings) was collected for a simulated decomposition
test in an uncontaminated soil and petroleum-contaminated soils with and without urea fertilization.
The results may provide a scientific basis for assessing the feasibility of applying both phytoremediation and nitrogen fertilization for the ecological restoration of petroleum-contaminated areas.

ABSTRACT
Fresh litter from white clover, a petroleum contamination phytoremediator species, was buried in
an uncontaminated soil as well petroleum contaminated soils with and without urea fertilizing for 6
months to evaluate the effects of petroleum contamination and urea fertilization on nutrient release from
the litter over time. The results showed that petroleum contamination significantly inhibited the release of Cu, accelerated the release of Mn and had no
obvious effects on the release of N, P, K, Zn, Fe, Mg
and Ca from the litter. Fertilizing the contaminated
soil with urea significantly inhibited the release of N,
K, Cu and Mg from the litter and had no obvious effect on the release of the other nutrients. Although
the soil petroleum contamination did not influence
the release of most nutrients from the litter, urea fertilization potentially inhibited the nutrients release
and it is not recommended to be applied in the petroleum contaminated soils along with phytoremediation.

KEYWORDS:
soil petroleum contamination, urea fertilization, white clover, litter, nutrients release

INTRODUCTION
Phytoremediation is a promising method for restoring petroleum-contaminated soils because it produces little secondary contamination and is low cost.
However, previous studies have shown that petroleum contamination inhibits not only the germination, growth and physiological activities of plants [14] but also their litter decomposition [5-7]. As litter
decomposition is a key link in the nutrient cycle in
ecosystems [8], the long-term inhibitory effects of
petroleum contamination could hinder the nutrient
cycling in the community of remediator plants, leading to the degradation of their community and compromising the effectiveness of the phytoremediation.
Therefore, additional remediation methods should be

MATERIALS AND METHODS
/LWWHUDQGVRLOVDPSOLQJ,QWKHDXWXPQDQXQ
FRQWDPLQDWHG FRPPXQLW\ RI ZKLWH FORYHU ZDV VH
OHFWHG QHDU WKH <XMLDSLQJ RLO ILHOG LQ 1RUWKHUQ
6KDDQ[L&KLQD)UHVKDQGLQWDFWZKLWHFORYHUOLWWHU
GHDG VWDQGLQJV  ZDV JDWKHUHG UDSLGO\ ULQVHG DQG
WKHQRYHQGULHGDW&
Simultaneously, three 1 m × 1 m quadrats were
established in a typical uncontaminated plant-free
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(UV-2450, Shimadzu Corporation, Kyoto, Japan).
The K concentrations were determined using a flame
photometer (BMB Technologies UK LTD.). For the
trace element measurements, the litter samples were
turned to ash and dissolved in HCl, and the concentrations of Cu, Zn, Fe, Mn, Ca and Mg were determined using a polarized Zeeman atomic absorption
spectrophotometer (Z-2000, Hitachi, Tokyo, Japan).

wasteland. Soil samples from the 0-10 cm soil layer
were collected from each quadrat after removing any
organic debris on the soil surface. The soil was uniformly homogenized and then passed through a 5
mm sieve before storing.
Petroleum was purchased from a local oil field.
6RLOWUHDWPHQWV7KHVRLOVDPSOHZDVGLYLGHG
LQWR QLQH NJ VXEVDPSOHV 7KUHH VXEVDPSOHV
PDUNHGDV&.  ZHUHQRWWUHDWHGDQGZHUHXVHGLQ
WKHFRQWUROWULDOV7KUHHVXEVDPSOHV PDUNHGDV3& 
ZHUH XQLIRUPO\ PL[HG ZLWK  J NJ SHWUROHXP D
YDOXHEDVHGRQWKHKLJKHVWVRLOSHWUROHXPFRQFHQWUD
WLRQ  J NJ REVHUYHG LQ WKH VWXG\ DUHD7KH
UHPDLQLQJ WKUHH VXEVDPSOHV PDUNHG DV 31  ZHUH
DOVRPL[HGZLWKJNJSHWUROHXPDQGZHUHWKHQ
IHUWLOL]HGZLWKXUHDWRSURYLGHVXIILFLHQWQLWURJHQIRU
PLFURELDOGHFRPSRVLWLRQRIWKHSHWUROHXPFRQWDPL
QDQWV WKH VRLO &1 UDWLR ZDV DGMXVWHG WR DSSUR[L
PDWHO\   7KH SUHSDUHG VRLO VXEVDPSOHV ZHUH
SODFHGLQWRFPîFPîFPSODVWLFSRWVWR
DFWDVWKHVXEVWUDWHIRUOLWWHUGHFRPSRVLWLRQ
/LWWHUGHFRPSRVLWLRQH[SHULPHQW)LUVW
JVDPSOHVRIZKLWHFORYHUOLWWHUZHUHSODFHGLQFP
îFPQ\ORQPHVKOLWWHUEDJV PHVKVL]HPP 
DQGVHDOHG$WRWDORIEDJVRIOLWWHUZHUHSUHSDUHG
)LYHRIWKHOLWWHUEDJVZHUHVHSDUDWHO\EXULHGLQHDFK
SRWDQGVRLOZDVDGGHGEHWZHHQWKHEDJVWRPDLQWDLQ
D VXIILFLHQW FRQQHFWLRQ EHWZHHQ WKH OLWWHU DQG VRLO
1H[WGLVWLOOHGZDWHUZDVXQLIRUPO\DGGHGWRWKHVRLO
E\VSUD\LQJWRDFKLHYHDVRLOPRLVWXUHFRQWHQWRI
RIWKHILHOGFDSDFLW\DQGWKHSRWVZHUHZHLJKHG7KH
SRWVZHUHFRYHUHGE\SODVWLFILOPVZLWKDLUYHQWV
Ɏ FP WRSUHYHQWH[WUHPHHYDSRUDWLRQDQGWKH
YHQWVZHUHFRQVLGHUHGWRSURYLGHDHUDWLRQIRUPLFUR
ELDO UHVSLUDWLRQ 7KH OLWWHU ZDV LQFXEDWHG IRU 
PRQWKV DW D FRQVWDQW WHPSHUDWXUH &  LQ WKH
ODERUDWRU\ 'XULQJ WKH LQFXEDWLRQ SHULRG WKH SRWV
ZHUHZHLJKHGZHHNO\DQGGLVWLOOHGZDWHUZDVDGGHG
EDVHG RQ ZHLJKW ORVV WR PDLQWDLQ D FRQVWDQW VRLO
PRLVWXUHFRQWHQW
'HWHUPLQDWLRQRIOLWWHUQXWULHQWFRQWHQW/LW
WHUEDJVZHUHUHWULHYHGLQWKHVWQGUGWKDQG
WK PRQWKV RI WKH LQFXEDWLRQ SHULRG ,Q HDFK VDP
SOLQJHYHQWRQHRIWKHILYHOLWWHUEDJVZDVUDQGRPO\
UHWULHYHG IURP HDFK SRW 7KH WKUHH OLWWHUEDJV KDU
YHVWHGIURPWKHVDPHVRLOPHGLXPZHUHUHJDUGHGDV
UHSOLFDWHV 7KH UHVLGXHV RI WKH GHFRPSRVHG OLWWHU
ZHUHUDSLGO\ULQVHGLQDPPQ\ORQPHVKVLHYH
WRUHPRYHWKHVRLORUK\SKDRQWKHPRYHQGULHGDW
&DQGZHLJKHG
The litter residues were digested in a mixture of
H2SO4 and H2O2 [21]. The N concentrations of the
litter residues were determined using a continuous
flow analytical system (Auto Analyzer 3, Bran
Luebbe, Germany). The P concentrations were determined via the phosphovanadicmolybdic colorimetric method using a UV-VIS spectrophotometer

'HWHUPLQDWLRQ RI VRLO ELRORJLFDO SURSHUWLHV
7KHLQLWLDOVRLOELRORJLFDOSURSHUWLHVZHUHPHDVXUHG
EHIRUHWKHGHFRPSRVLWLRQH[SHULPHQW1H[WWKHPL
FURELDO SRSXODWLRQ DQG VRLO HQ]\PH DFWLYLWLHV ZHUH
PHDVXUHG WZLFH GXULQJ WKH GHFRPSRVLWLRQ H[SHUL
PHQWLHLQWKHVWDQGWKPRQWKV:KHQVRLOVDP
SOHVZHUHFROOHFWHGDSRUWLRQRIWKHVRLOPHGLDQHDU
WKHOLWWHUEDJVZDVVDPSOHGIRUDQDO\VLV
The bacteria, actinomycetes and fungi populations were determined using the plate-count technique with beef extract peptone agar medium,
*DXVH¶V1RPHGLXP ZLWK.2Cr2O7) and potato dextrose agar medium, respectively [22].
Protease activity was determined using ninhydrin colorimetry, and urease activity was determined
using indophenol colorimetry. Sucrase, amylase and
carboxymethyl cellulase were determined using 3,5dinitrosalicylic acid colorimetry, and xylanase was
determined using iodometry. Alkaline phosphatase
was determined using disodium phenyl phosphate
colorimetry, and catalase was determined using titrimetry. Furthermore, peroxidase and polyphenol
oxidase were determined using pyrogallol colorimetry, and dehydrogenase was determined using triphenyltetrazolium chloride colorimetry [23].
6WDWLVWLFDO DQDO\VLV 'LIIHUHQFHV EHWZHHQ WKH
WUHDWPHQWVZHUHDQDO\]HGXVLQJRQHZD\DQDO\VLVRI
YDULDQFH $129$ LQWKH,%06366VRIWZDUH
DQG WKH OHDVW VLJQLILFDQW GLIIHUHQFH /6'  PHWKRG
ZDVXVHGIRUSRVWKRFDQDO\VLV7KHOHYHORIVLJQLIL
FDQFHWHVWLQJZDVĮ 
5(68/76
1XWULHQWUHOHDVHG\QDPLFVLQSHWUROHXPFRQ
WDPLQDWHG VRLO DQG XUHDIHUWLOL]HG FRQWDPLQDWHG
VRLO3HWUROHXPFRQWDPLQDWLRQVLJQLILFDQWO\ 3 
LQKLELWHG WKH UHOHDVH RI DOO QXWULHQWV H[FHSW IRU )H
DQG0QGXULQJWKHHDUO\PRQWKVRIWKHOLWWHUGHFRP
SRVLWLRQSURFHVV )LJ 6SHFLILFDOO\WKHUHOHDVHRI
1 IURP WKH OLWWHU ZDV VLJQLILFDQWO\ KLQGHUHG GXULQJ
WKHVHFRQGWKLUGDQGIRXUWKPRQWKVWKHUHOHDVHRI3
ZDVVLJQLILFDQWO\KLQGHUHGGXULQJWKHILUVWWKLUGDQG
IRXUWKPRQWKVDQGWKHUHOHDVHRI.ZDVVLJQLILFDQWO\
KLQGHUHGGXULQJWKHWKLUGPRQWK$PRQJWKHWUDFHHO
HPHQWV WKH UHOHDVH RI &X RI WKH OLWWHU ZDV VLJQLIL
FDQWO\LQKLELWHGGXULQJWKHVHFRQGDQGIRXUWKPRQWKV
RIWKHGHFRPSRVLWLRQSURFHVVWKHUHOHDVHVRI=QDQG
&DZHUHVLJQLILFDQWO\KLQGHUHGGXULQJWKHWKLUGDQG
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IRXUWK PRQWKV DQG WKH UHOHDVH RI 0J ZDV VLJQLIL
FDQWO\LQKLELWHGGXULQJWKHWKLUGPRQWK,QFRQWUDVW
WKHSHWUROHXPVLJQLILFDQWO\DFFHOHUDWHGWKHUHOHDVHRI
)HGXULQJWKHVHFRQG PRQWK DQGWKHUHOHDVHRI0Q
GXULQJWKHILUVWDQGVHFRQGPRQWKV+RZHYHUGXULQJ

WKHODVWPRQWKRIWKHGHFRPSRVLWLRQSURFHVVSHWUR
OHXPFRQWDPLQDWLRQRQO\UHVXOWHGLQDVLJQLILFDQWGH
FUHDVHLQWKHILQDOUHOHDVHUDWHRI&XDQGDVLJQLILFDQW
LQFUHDVHLQWKHILQDOUHOHDVHUDWHRI0Q
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FIGURE 1
Dynamics of nutrient release from white clover litter in the CK, PC and PN soils.
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FIGURE 3
Enzyme activities in the CK, PC and PN soils.

contaminated soil (the petroleum concentration was
45 g kg-1); PN: petroleum-contaminated soil with nitrogen (urea) fertilization (the petroleum concentration was 45 g kg-1 and the C/N ratio of the soil was
approximately 25:1). The same below.

Fertilizing contaminated soils with urea resulted in only a small increase in the release of nutrients (Fig. 1). During the early months of the litter
decomposition process, fertilization only counteracted the inhibitory effects of petroleum for N, P and
Ca (P < 0.05). In contrast, urea fertilization intensified the inhibitory effects of petroleum contamination for Cu, Zn and Mg (P < 0.05) and resulted in
new inhibitory effects on the release of Mn (P <
0.05). During the last month of the decomposition
process, fertilizing the contaminated soil with urea
did not result in positive effects on the final release
rates of P, Zn, Fe and Ca relative to just petroleum
contamination and even significantly (P < 0.05) decreased the final release rates of N, K, Cu, Mn and
Mg.
Different letters indicate significant differences
at the 0.05 level. CK: control trail; PC: petroleum-

0LFURELDOSRSXODWLRQVLQSHWUROHXPFRQWDP
LQDWHGVRLODQGXUHDIHUWLOL]HGFRQWDPLQDWHGVRLO
'XULQJ WKH GHFRPSRVLWLRQ SURFHVV SHWUROHXP FRQ
WDPLQDWLRQUDUHO\SURGXFHGVLJQLILFDQWHIIHFWVRQWKH
PLFURELDOSRSXODWLRQ,QIDFWRQO\WKHIXQJLSRSXOD
WLRQ VLJQLILFDQWO\ 3    GHFUHDVHG LQ WKH ILUVW
PRQWKRIWKHGHFRPSRVLWLRQSURFHVVZKHUHDVWKHDF
WLQRP\FHWHV SRSXODWLRQ VLJQLILFDQWO\ 3    LQ
FUHDVHGLQWKHODVWPRQWK )LJ )HUWLOL]LQJWKHFRQ
WDPLQDWHG VRLOV ZLWK XUHD VLJQLILFDQWO\ 3   
VWLPXODWHG EDFWHULDO UHSURGXFWLRQ GXULQJ WKH ILUVW
PRQWKRIWKHGHFRPSRVLWLRQSURFHVVDQGWKHIXQJXV
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UHSURGXFWLRQGXULQJWKHODVWPRQWK+RZHYHUIHUWLOL
]DWLRQLQKLELWHGWKHDFWLQRP\FHWHVUHSURGXFWLRQGXU
LQJWKHODVWPRQWKDQGUHGXFHGLWWRWKHOHYHORIWKH
XQFRQWDPLQDWHGVRLO

The volatilization and degradation [31] of toxic components in the petroleum may result in the recovery
of microbial communities that were previously inhibited and disturbed (Fig. 2), thereby accelerating
litter decomposition during the late stage. Ultimately, petroleum contamination did not greatly affect the final nutrient release of the white clover litter. In addition, during the late stages of contamination, the activities of many decomposing enzymes,
including amylase, xylanase, alkaline phosphatase,
polyphenol oxidase, catalase and dehydrogenase, increased. This pattern agrees well with the findings of
Serrano et al. [32]. Therefore, the litter decomposition and nutrient release processes were accelerated
during the late stages. Furthermore, petroleum contaminants and recalcitrant components may result in
co-metabolism phenomena [33], which would also
accelerate later litter decomposition and the recovery
of the overall nutrient release rates.
The addition of urea fertilizer somewhat counteracted the inhibitory effects of petroleum on the litter nutrient release during initial litter decomposition. The urea fertilizer provided a large dose of nitrogen for microorganisms, such as bacteria and
fungi, which accelerated their reproduction (Fig. 2).
This sufficient nitrogen supply increased the microbial activity and the activities of the litter decomposing enzymes, such as sucrase (which mainly participated in the early litter decomposition stage). Thus,
the litter decomposition process was accelerated.
The addition of urea fertilizer alters the stoichiometric proportion of contaminated soil and forces
microorganisms to secrete the necessary enzymes to
obtain the missing nutrients. For instance, our results
indicated that the alkaline phosphatase activity significantly increased during a short period after urea
fertilization. Because a large dose of nitrogen
sharply increased the soil N/P ratio, the microorganisms secreted phosphatase to obtain P [34]. However, at the end of decomposition, the addition of
urea fertilizer negatively affected the releases of N,
K, Cu and Mn, which agrees with the results reported
by Tu et al. [35] and Sinsabaugh [17]. Several factors
could explain this result. (i) Large doses of nitrogen
can inhibit the activities of lignin-decomposing microorganisms and enzymes and hinder the genetic
expression of lignin-decomposing enzymes [36, 37].
(ii) Nitrogen could combine with lignin and form recalcitrant substances [38]. Thus, although nitrogen
increased the activities of certain enzymes, it did not
significantly promote the overall release of nutrients.
(iii) Nitrogen additions can promote litter humification [39], and humus could adsorb the nutrients or
form immobile complexes with them, which would
decrease the nutrient release rate. (iv) The nitrogen
released from urea could be immobilized by litter
[40], which would decrease the net nutrient release
rates, especially the nitrogen release rate (Fig. 1).

(Q]\PHDFWLYLW\LQSHWUROHXPFRQWDPLQDWHG
VRLO DQG XUHDIHUWLOL]HG FRQWDPLQDWHG VRLO (Q
]\PHVSOD\LPSRUWDQWUROHVLQWKHOLWWHUGHFRPSRVL
WLRQ SURFHVV DQG WKH\ DUH KLJKO\ VHQVLWLYH WR HQYL
URQPHQWDODOWHUDWLRQV'XULQJWKHILUVWPRQWKRIWKH
GHFRPSRVLWLRQ SURFHVV SHWUROHXP FRQWDPLQDWLRQ
VLJQLILFDQWO\ 3 LQFUHDVHGWKHDFWLYLWLHVRIVRLO
XUHDVH DP\ODVH [\ODQDVH SRO\SKHQRO R[LGDVH DQG
SHUR[LGDVH 'XULQJ WKH ODVW PRQWK SHWUROHXP FRQ
WDPLQDWLRQVLJQLILFDQWO\ 3 LQFUHDVHGWKHDF
WLYLWLHV RI DP\ODVH [\ODQDVH DONDOLQH SKRVSKDWDVH
SRO\SKHQROR[LGDVHFDWDODVHDQGGHK\GURJHQDVHEXW
VLJQLILFDQWO\ 3 GHFUHDVHGWKHDFWLYLWLHVRIVX
FUDVHFDUER[\PHWK\OFHOOXODVHDQGSHUR[LGDVH )LJ

Fertilizing the contaminated soil with urea significantly increased the activities of sucrase and catalase but simultaneously decreased the activities of
urease, xylanase and peroxidase during the first
month of the decomposition process (P < 0.05). In
the last month, fertilization significantly increased
the activities of sucrase, carboxymethyl cellulase
and catalase but decreased the activities of urease,
xylanase, alkaline phosphatase and dehydrogenase
(P < 0.05).

DISCUSSION AND CONCLUSION
Petroleum generally inhibited the release of litter nutrients during the early stages of litter decomposition. This outcome may have been cause by the
acute toxic effects of the petroleum hydrocarbons
and the associated heavy metals on microorganisms;
thus, the microbial populations and activities decreased [24-26], especially the fungi population (Fig.
2). Fungi play an important role in litter decomposition because their hypha can penetrate the cuticles of
the plant material and provide living spaces and nutrients for other decomposers [27]. In addition, fungi
are the main type of microorganism responsible for
decomposing lignin; thus, the early litter decomposition and release of nutrients could be hindered by
the decrease in the fungi population because the relatively labile litter components are generally encased
in lignin [28]. In addition, petroleum-degrading species may become the main microbial species because
toxic contaminants result in a stressful environment
that could alter the community structure [29, 30].
Given these results, the properties of the microbial
community in the contaminated soils were not favorable for litter decomposition and nutrient release.
However, the results showed that the negative effects
of petroleum on nutrient release were not permanent.
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THE EFFECT OF DIFFERENT SULPHUR DOSES ON THE
YIELD AND QUALITY OF RAPESEED (%5$66ø&$1$386 L.)
Ruveyde Tuncturk, Murat Tuncturk*
Department of Field Crops, Faculty of Agriculture, Van Yuzuncu Yil University, 65080 Van,Turkey

about 31 million hectares of rapeseed are cultivated
and 60 million tons of oilseed rape are produced [3].
At present, rapeseed is one of the most important edible crops in the World. Globally its uses tremendously increasing to produce bio-diesel and other
market needs [4]. Therefore, increasing oil contents
of rapeseed crops is of economic importance in both
food and oil industries [5]. It can be also grown as an
alternative crop for cereal-based cropping systems
(as a broad leaf dicot plant) and thus can be used as
a break crop for a continuous wheat cropping systems [6]. Rapeseed production in Turkey has developed rapidly. Turkey has about 321.330 ha of rapeseed harvesting area, with 110.000 tonnes of rapeseed production [7].
Sulphur (S) is the fourth major fundamental
plant macro-nutrient after nitrogen (N), phosphorus
(P) and potassium (K) [8]. It is an essential macronutrient for plant growth and development; also it
plays an important role in response to environmental
stresses [9]. Sulphur are a common oxidants such as
carbon dioxide, hydrogen peroxide, oxygen and air
[10]. In many regions of the world, sulphur deficiency has been recognized as a limiting factor for
production. The stems of rapeseed produces larger
proportion of total dry matter and contain nutrients,
especially sulphur, in larger proportions than in pod
walls and seeds [11]. Oil, protein, and glucosinolate
concentrations of canola can be affected by S fertilization [12]. Reduction in yield, protein, and enzyme
synthesis is adversely affected due to deficiency of S
in plants [13]. Yield increases have been observed
with application of S, also, glucosinolates of Brassica varieties increased by S fertilization [14,15].
The objective of this study is to investigate the
most appropriate sulphur doses for rapeseed cultivars.

ABSTRACT
This study was carried out to investigate the effects of different sulphur doses (0, 25 and 50 kg ha 1
) on the yield and agronomic characteristics of three
spring rapeseed cultivars (Gladiator, Licosmos and
Jura ) in eastern Anatolia, during 2010 and 2011.
Field trials were designed according to randomized
complete block design (RCBD) with three replications at the experimental fields of Faculty of Agriculture, Van Yuzuncu Yil University, Van, Turkey.
In the study, plant height (cm), number of branches
(branch plant-1), number of pod (pod plant-1), number
of seed in the pod (seed pod-1), thousand-seed weight
(g), seed yield (kg ha-1), oil content (%), oil yield (kg
ha-1) and protein content (%) were determined. The
effect of sulphur doses on the studied characters was
statistically significant. However, statistically significant differences were not observed among different
cultivars except plant height, number of branches,
number of seed in the pod, seed yield, oil yield and
protein content. The highest seed yield (1418.0 kg
ha-1) and oil content (41.1 %) were obtained using 25
kg ha-1 sulphur application for cv. Gladiator in second year field experiment.
KEYWORDS:
Rapeseed cultivars, sulphur doses, seed yield, oil content.

INTRODUCTION
Rapeseed (Brassica napus L., Brassicaceae) is
the second most important oilseeds crop in the
world, after soybean. Rapeseed is a relatively young
species that originated in a limited geographic region
through spontaneous hybridisations between turnip
rape (B. rapa L.) and cabbage (B. oleracea L.) genotypes, resulting in an amphidiploid genome comprising of the full chromosome complements of its
two progenitors [1]. All rapeseed varieties were developed from Brassica napus and Brassica rapa.
Rapeseed cultivars are classified as winter or spring
types according to their vernalization requirement in
order to induce flowering [2].
Rapeseed (Brassica napus L.) is one of the
ZRUOG¶VPDMRUVRXUFHVRIHGLEOHYHJHWDEOHRLOIt contains 40-45 % oil and 19-20 % protein. Every year,

MATERIAL AND METHODS
Material. Three sulphur doses were 0 (S0), 25
(S1) and 50 (S2) kg ha-1 and three rapeseed cultivars
(Gladiator (C1), Licosmos (C2) and Jura (C3) were
used in the study.
Methods. Field studies were conducted in experimental fields of Yuzuncu Yil University, Agri
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TABLE 1
Influence of diffferent sulphur doses on yield and some agronomic characters of
rapeseed cultivar.
Treatnent
Cultivars
Gladiator
(C1)

Thousand-seed
weight (g)
201 2011
Mea
0
n

55.8

20.1

18.6

19.4

3.23

3.40

3.31

62.1

59.6

23.3

21.8

22.6

3.66

4.66

4.16

50.7

62.1

56.4

20.0

20.8

3.35

3.93

3.64

3.94
a

53.3

61.2

57.3

21.1

21.5
6
20.7
b

20.9

3.41

4.0ab

3.70

3.50

2.80

51.0

57.7

54.4

20.2

22.4

21.3

3.36

3.23

3.30

2.73

4.86

3.80

47.0

71.3

59.1

21.0

25.3

23.1

3.48

4.06

3.77

79.8

3.56

4.06

3.81

52.3

60.2

56.2

21.0

23.1

22.1

3.76

3.20

3.48

83.9

80.4
b

2.80b

4.14

3.47
b

50.1

63.1

56.6

20,7

23.6
a

22.2

3.53

3.50b

3.51

76.
6
79.
7
79.
8
78.
7a

84.7

80.6

2.92

4.53

3.73

43.3

51.9

47.6

19.3

17.3

18.3

3.23

3.86

3.55

88.7

84.2

3.50

4.50

4.0

68.7

63.4

66.0

21.5

22.8

22.2

3.66

4.53

4.10

87.8

83.8

3.04

4.76

3.90

55.0

55.0

55.0

22.9

21.3

22.1

3.76

4.46

4.11

87.1

82.9
a

3.15ab

4.60

3.87
a

55.7

56.8

56.2

21.2

20.5
b

20.9

3.55

4.28a

3.92

75.
2c
80.
7a
78.
3b

80.6
c
89.9
a
84.8
b

77.8
c
85.3
a
81.6
b

2.60b

3.97
b
4.82
a
4.45
a

3.29
b
4.11
a
3.88
a

48.9b

56.3

4.42a

59.1

19.7
b
22.6
a
21.6
a

3.60

52.6ab

19.4
b
23.3
a
22.0
a

3.50b

65.6

19.9
b
21.9
a
21.3
a

3.27

57.5a

52.6
b
61.6
a
55.9
b

3.62

3.86ab

3.38
b
4.01
a
3.74
ab

*
**

Ns
**

*
**
**

Ns
**

*
**
**
Ns
12.7
2
3.75

Ns
**

*
**

**
6.
05
21
.0

Ns
10.5

**
Ns
Ns
8.83

21.6

21.3

73.
4
83.
7
78.
0
78.
3a

78.3

75.8

2.78

3.90

3.34

52.3

59.2

90.8

87.3

4.0

5.10

4.55

57.0

84.1

81.1

3.33

4.53

3.93

84.4

81.4
ab

3.37a

4.51

S0

75.
3

78.7

77.0

2.10

S1

78.
7
77.
0
77.
0b

90.3

84.5

82.7

Df Sulphur
App.
S0
S1

S2
Licosmos
Means
Jura
(C3)

Number of seeds in
the pod (seed pod-1)
2010 201
Mea
1
n

Number of branches
(branch plant-1)
2010
201
Mea
1
n

S2
Gladiator
Means
Licosmos
(C2)

Number of pod (pod
plant-1)
201
201
Mea
0
1
n

Plant height
(cm)
201
201
Mea
0
1
n

S0
S1
S2

Jura
Means
Sulphur Appl.
Kontrol
(S0)
25 kg ha-1
(S1)
50 kg ha-1
(S2)
Analysis of Variance
C
2
S
2
Y
1
CXS
4
CV
(%)
Year
Means

**
1.5
4.77
3
78.0B 85.1A

3.41a
3.31a

*
**

3.86

Ns
16.43

81.6

3.10B

Ns
10.7
2
4.41A

Ns
*

*
*

*
12.8

Ns
15.3

Ns
**
**
Ns
14.2

53.0
B

60.3A

56.7

Ns
Ns

*
*

Ns
10.3

*
18.4

3.50B

3.92
A

Ns
**
**
Ns
15.2
3.71

*, ** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same letter are not significantly at P=0.05. CV, coefficient of variation; Ns, nonsignificant.
All the necessary cultural practices were applied to the plots during vegetation period. In the
study, some agricultural traits such as plant height
(cm), number of branches (branch plant-1), number
of pod (pod plant-1), number of seed in the pod (seed
pod-1), thousand-seed weight (g), seed yield (kg ha1
), oil content (%), oil yield (kg ha-1), and protein
content (%) were investigated. The data obtained
from agronomic traits were subjected to variance
analyses and the average values were compared by
Duncan Multiple Range Test [16]. Statistical analysis was performed by using COSTAT program.

cultural Faculty, Field Crops Department during
2010 and 2011. Soil characteristics of the experimental fields were clay, loam, high in clay (17.9 %),
low in salt (0,021%), and light alkaline (pH 8.4). The
all soil layers had low concentrations of organic material (1.85 %) and nitrogen (0.092 %). Available
phosphorus content was highly low (6.70 ppm) and
useful potassium content was sufficient (488 ppm).
Climatic values for experimental area in the research
years were 377.4-516.9 mm rainfall, 11.20-9.45 ºC
mean temperature and 53.5 %- 56.5% mean humidity for 2010 and 2011, respectively. Field trials were
designed according to randomized complete block
design (RCBD) with three replications. Seeds were
sown by hand in the ratio of 12 kg ha-1 on April 6 for
2010 and on April 19 for 2011. Plot size was 3m x
1.8m = 5.4 m2 and row spacing was 30 cm in 6 rows.
The seeds were harvested at maturity by hand in 2.4
m2 harvest area.

RESULTS AND DISCUSSION
As shown in Table 1 and 2, sulphur fertilizer
doses had a significant are parallel effect on all the
investigated parameters. Significant differences
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TABLE 2
Influence of different sulphur doses on yield and some agronomic characters of
rapeseed cultivar.
Treatment
Cultivars

Seed yield (kg ha-1)
d
f

Oil yield (kg da-1)

Oil content (%)

Protein content (%)

Sulphur
App.

2010

2011

Mean

2010

2011

Mean

2010

2011

Mea
n

2010

2011

Mea
n

S0
S1
S2

1186.6
1353.3
1241.3
1260.4

1225.6
1418.6
1415.3
1353.2

1206.1
1386.0
1328.3
1306.6a

35.6
39.6
39.6
38.2a

37.2
41.1
42.5
40.3

36.4
40.2
41.0
39.2a
b

42.3
53.3
49.0
48.2a

45.5
58.4
60.3
54.7

43.9
55.9
54.6
51.4a

19.7
23.2
23.4
22.1
b

18.0
24.5
23.8
22.1b

18.8
23.9
23.6
22.1b

S0

1190.0

1155.6

1172.8

37.5

39.2

38.4

44.5

45.3

44.9

22.3

23.2

22.8

S1
S2

1266.6
1176.6
1211.1

1296.0
1312.3
1254.6

1281.3
1244.5
1232.8b

38.7
38.1
38.1b

43.4
43.9
42.2

41.0
41.0
40.1a

48.9
44.7
46.1a

56.1
57.6
53.0

52.5
51.1
49.5a

24.3
24.3
23.7
a

23.7
22.7
23.2a
b

24.0
23.5
24.4a

S0
S1
S2

1076.6
1269.3
1166.0
1170.6b

1235.3
1303.3
1200.0
1246.2

1156.0
1286.3
1183.0
1208.4b

31.3
36.0
38.6
35.3b

38.5
40.1
39.3
39.3

34.9
38.1
38.9
37.3b

33.7
45.5
44.9
41.4b

47.2
52.5
47.2
48.9

40.4
48.4
46.1
45.2b

21.6
24.8
23.2
23.2
b

23.1
24.1
26.6
24.6a

22.3
24.5
24.9
23.9a

1151.1b

1205.5b

1178.3c

34.8b

38.3

36.6b

40.2c

46.0b

43.1b

21.2
b

21.4b

21.3b

25 kg ha-1
(S1)

1296.4a

1339.3a

1317.8a

38.0a

41.5

39.8a

49.2a

55.7a

52.5a

24.1
a

24.1a

24.1a

50 kg ha(S2)

1194.6b

1309.2b

1251.9b

38.7a

41.9

40.3a

46.2b

55.01
a

50.6a

23.7
a

24.4a

24.0a

*
**

*
*

**
**

Ns
Ns

Ns
*

*
**

Ns
5.04
37.2B

Ns
11.6
40.6
A

*
6.07
45.2
B

Ns
13.4
52.2
A

**
**
**
Ns
10.8
48.7

Ns
**

Ns
8.51
1284.7
A

Ns
**
*
Ns
9.06
38.9

**
**

Ns
6.85
1214.0
B

*
**
**
Ns
7.60
1249.3

Ns
5.95
23.0

**
6.72
23.3

**
**
Ns
*
6.23
23.1

Gladiator(C1)
Gladiator
Means
Licosmos
(C2)

Licosmos
Means
Jura (C3)

Jura
Means
Sulphur Appl.
Kontrol
(S0)

1

Analysis of Variance
C
2
S
2
Y
1
CXS
4
CV (%)
Year
Means

*, ** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same letter are not significantly at P=0.05. CV, coefficient of variation; Ns, nonsignificant.
The highest plant height was obtained as 85.1 cm in
second year. This value was 78.0 cm in the first year.
Differences among cultivars, sulphur doses and
years were statistically significant for the number of
branches. In terms of varieties, the highest value for
the number of branches (3.94) were obtained from
Gladiator cultivar, followed Jura cultivar however
these two cultivar were not statistically different.
The lowest value (3.47) was obtained from Licosmos
cultivar. Although the highest number of branches
(4.11) were obtained from 25 kg ha -1 S application,
there was no significant difference between 50 and
25 kg ha-1 S doses. For 2010 and 2011 the number of
branches were 3.10 and 4.41, respectively. Our results were in agreement with the results of many
other researches that reported an increase in the number of branches with S applications [17,18,19,20,
21,22].
As shown in Table 1, the effects of sulphur
doses and year were found significant on the number
of pod but, this effect was not significant for the cultivars. In terms of sulphur applications, the highest
value (61.6) was obtained from 25 kg ha-1 S dose
whereas the lowest values were 52.6 and 55.9 for

were observed among cultivars for thousand seed
weight and oil content except for number of pod.
Differences between years were found statistically
significant (P<0.05) on agronomic traits such as
number of seeds in the pod, oil content and protein
content. Cultivar x sulphur doses interaction was
found significant for some features such as plant
height, number of pod, number of seeds in the pod in
2010 and thousand seed weight, oil yield and protein
content in 2011. This interaction had important effect on protein content in second years, too. The results of the study showed that the highest plant
height (85.3 cm) was obtained from 25 kg ha -1 S application while the shortest plant height (77.8 cm)
was taken from control plots. It was reported by
meant earlier researchers that increase in sulphur
doses also increased the plant height in some crop
plants such as rapeseed [17], fenugreek [18,19], sunflower [20], chickpea [21,22]. On the other hand,
Coban [23] found that S doses had no an important
effect on yield components of spinach. In terms of
cultivars, the highest plant height (82.9 cm) was obtained from Jura cultivar while the shortest plant
height (80.4 cm) was taken from Licosmos cultivar.
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control and 50 kg ha-1 S applications, respectively.
Rehman et al. [17] reported an increase in the number of pod with S doses. The number of pods among
the cultivars ranged between 56.2 and 57.3. The values were 53.0 and 60.3 for first and second year, respectively.
The effect of different sulphur doses was found
statistically significant on number of seeds in the pod
but there was no significant differences among the
cultivars and between the years. In terms of sulphur
applications, the number of seeds per pod were 22.6
with 25 kg ha-1 S dose, but, there was no statistically
significant differences with 50 kg ha-1 S applications.
The lowest number of seeds in the pod (19.7) was
determined from control plots. Rehman et al. [17] reported that the highest number of seed in the pod was
obtained from suphur applied plots as compared to
control.
As seen in Table 1, thousand seed weight was
affected from the sulphur treatments and years. But,
there was no significant difference among the cultivars in terms of sulphur applications. In terms of sulphur applications the highest thousand seed weight
(4.01 g) was obtained from 25 kg ha-1 doses, whereas
the lowest value (3.38 g) was obtained from control
plots. Thousand seed weight of cultivars were determined between 3.51-3.92 g. Increases in thousand
seed weight with sulphur applications in many plants
such as rapeseed, fenugreek, sunflower and cheak
pea were previously reported [17,19,20,22]. In terms
of years, the highest thousand seed weight (3.92 g)
was taken in 2011, whereas the lowest thousand seed
weight (3.50 g) was obtained from the first year.
Different sulphur, cultivar and year applications had significant effect on seed yield. The maximum seed yield (1306.6 kg ha -1) was obtained from
Gladiator cultivar, while lowest seed yield (1208.4
kg ha-1) was determined from Jura cultivar. However, there were no significant differences between
Licosmos cultivar compared to Jura cultivar. In
terms of sulphur application, the highest seed yield
(1317.8 kg ha-1) was determined with 25 kg ha-1 sulphur doses and lowest yield (1178.3 kg ha-1) was obtained from control plots. Studies carried out on
rapeseed reported that the seed yield increased with
sulphur applications [17,24,25,26,27,28,29,30].
Year effects was found significant and the seed
yields were obtained as 1284.0 and 1214.0 kg ha-1 for
2011 and 2010, respectively.
The effect of sulphur doses and years were
found significant on oil content whereas cultivar effect was not significant (Table 2). Highest oil content
(40.3 %) was obtained from 50 kg ha -1 sulphur dose
and there was no significant difference between 50
and 25 kg ha-1 dose. The increases in oil concentration with the application of S is in agreement with
many previous researchers [15,17,31,32]. Lowest oil
content was obtained as 36.6 % from control plots.
In terms of years, highest (40.6 %) and lowest (37.2
%) oil contents were obtained from second and first

year, respectively.
Cultivars had significant effect on oil yield.
Gladiator gave the highest oil yield ( 51.4 kg da-1) ,
whereas the lowest oil yield (45.2 kg da-1) was taken
from Jura cv. but, there was no significant difference
between Gladiator and Licosmos. In terms of sulphur
treatments, the highest oil yield (52.5 kg da-1) was
obtained from 25 kg ha-1 S application and the lowest
oil yield (43.1 kg da-1) was taken from control plots.
Similar results were reported by many researchers
who mentioned that oil contents of rapeseed increased with S treatments [17,24,25,26,28]. The effect of different sulphur, cultivar, year applications
and cultivar x sulphur interaction on protein content
was significant. The highest protein content (24.4 %)
was obtained from Gladiator cultivar and it was in
same duncan group with Jura cultivar. As a result of
sulphur applications the highest protein content
(24.1 %) was obtained from 25 kg ha-1 sulphur applications whereas the lowest protein content
(21.3%) was obtained from control plots. But, there
was no significant difference between 25 and 50 kg
ha-1 S applications. As same with our results, it was
reported that protein content increased due to sulphur applications in rapeseed [28,31] and chickpea
[33].

CONCLUSIONS
Sulphur (S) is an essential element for plant
growth. Sulphur deficiency occurs frequently in
many agricultural areas and so it is very important to
strategies for sulphur fertilization in sulphur deficient soils. However, agronomic use efficiency of
sulphur is higher with adequate rainfall or proper irrigation. Sulphur plays a very important role in canola by affecting growth and yields. Rapeseed appears
to have higher S requirements than cereals for protein synthesis and production of oil. In our study sulphur applications affected the all seed quality parameters. Seed yield and oil and protein contents increased significantly with sulphur applications as
compared to control. The highest seed yield (1317.8
kg ha-1) and protein content (24.1 %) were obtained
from 25 kg ha-1 S application. Also, maximum oil
content (40.3 %) was obtained from 50 kg ha -1 S applications.
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6532

disease resistance
Distillers' grains
Distributive characteristics
Domestication
Drip irrigation
drought
Dynamic response

6734
6492
6637
6882
6500
6780
6603
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E
Eastern Turkey
ecological risk
Ecological sensitivity
economy
ecosystem respiration
ecosystem service value
ecosystem services
Ecosystem services value
Edible wild plants
Eight spots
Electrodialysis
Electron Microscope

6909
6508
6508
6643
6421
6812
6551
6791
6841
6479
6438
6588

Endemic
Energy consumption pattern
energy saving potential
energy usage efficiency
Energy use efficiency
environment
Epibiosis
Eucalyptus globulus
Excision
Expression
extensive farming

6356
6773
6773
6918
6773
6938
6334
6390
6390
6882
6687

F
Faba bean
Factor Analysis
Family planning services
Farmlands
Fate
fatty acids
Fenced meadow
ferrate(VI)
ferritin
Fertilizer levels

6835
6765
6909
6932
6891
6447
6421
6693
6898
6346

FGD gypsum
Fiber quality
fishmeal industry
Flavonoids
flushing cone
Fruit Juice
Fullerene nC60
functional food
Future climate scenarios

6958
6500
6408
6760
6674
6765
6891
6924
6621

G
Galega orientalis Lam
Genetic conservation
geographic information systems
Germination
Giresun
Glutathione

6517
6873
6508
6317,
6413
6760

Greenhouse
gross ecosystem productivity
growth in diameter
growth in height
GSN-12
Gulf of California

H
Halotolerant Microfungi
Hatay
Heat resistance compact
heavy metals
Hesperidin

6525
6543
6668
6687, 6720, 6932
6760

6324, 6938
6421
6727
6727
6616
6408

honeybee
House sparrow
humic acid
hydrological effect

6825
6857
6447
6470

I
ICP-MS
ICP-OES
identification
Image Analysis
in situ soil moisture
Incision

6720
6364
6825
6373
6848
6390

inhibition activity
initial growth seedling
integrated pest management
Integrin
Iron
øVWDQEXO

6825
6652
6616
6588
6898
6543

K
Khouzestan
kinetics

6701
6693

Kizilirmak river delta

6508

L
L culinaris
Lake Tuz
Landfill cover soil
Landsat 8
landscape transformation
lawn cultivars perennial

6400
6525
6308
6848
6812
6652

leonardite
life table
Light
liming
Lipid Peroxidation
litter

6447
6616
6579
6727
6760
6945

6971
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leaching
lead (Pb)
M
Management strategies
Manganese
marketing
metal ions
metal removal
Metal-organic framework
Methylene blue
microbial community
microbiological characteristics
microbiota

6958
6340

6621
6804
6924
6364
6438
6599
6739, 6492
6559
6687
6825

low impact development
Luteolin

6470
6660

micropropagation
microwave assisted digestion
migration process
mineral substance
mitotic index
Modeling
Morning glory spillway
Morphometry
Myrtaceae

6356
6720
6571
6841
6400
6891
6532
6857
6390

N
N fertilization
N2O emissions
Needle Length and Position
Needle Morphological Characteristics
net ecosystem C exchange
Ni2+-doped ZnNb2O6
Nitrous oxide

6727
6308
6579
6579
6421
6739
6712

nonlinear adsorption-desorption
Non-point Source
No-till
nSSR
Ntot
nutrients release

6571
6621
6918
6873
6517
6945

O
Obstructive Jaundice
oil content
oil rate
oil-field wastewater
Olive
olive leaf extract

6760
6952
6447
6599
6882
6898

Onobrychis
operational parameters effects
organogenesis
Orthogonal experiment
Ovarian cancer
oxyfertigation

6317
6438
6356
6492
6588
6862

P
Paenibacillus larvae
Paraoxonase1
parasitoid
Passer domesticus
PCA
pE value
Pectinase
Peony episperm
Performance test
Peritricha
pesticides
Petroleum wastewater
phenolic composition
Phosphate removal
Photodegradation
phytoremediation
Pinus sylvestris
Plum

6825
6432
6749
6857
6413
6693
6660
6660
6668
6334
6324
6646
6841
6680
6739
6340
6873
6457

Polluted area
Polyaluminium Choloride
Polyamidoamin G4
porous media
Portland cement
positive modulating
poultry
precipitation intensity
Precision Agriculture
precision irrigation
preconcentration
pressure
pressure flushing
protein glycation
pure oxygen
purification
pyrosequencing

6857
6804
6804
6571
6680
6432
6687
6479
6373
6938
6364
6532
6674
6898
6862
6432
6324

R
Rainfed conditions
Rapeseed
Rapeseed cultivars
remediation

6346
6447
6952
6958

response latency
Response surface methodology
Rhizosphere
Rotifera

6632
6646
6637
6334
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S
saline-alkali soil
Salinity stress
Salix gordejevii Chang et Skv
Sapanca Lake
SBBR
scenario analysis
Scots pine
SCWO
seasonal changes
seasonal effects
Sediment
seed yield
sensory test
separation
separation process performance
set-aside field
Sewage water
Sewer modeling
sinterability indicators
soil column penetration test
soil depth
soil layers

6958
6317
6637
6720
6712
6812
6749
6646
6720
6559
6680
6952
6924
6364
6438
6517
6712
6603
6383
6571
6559
6479

soil petroleum contamination
Soil tillage
soil water content
Solanum lycopersicum
spatial-temporal heterogeneity
spatiotemporal features
spillway discharge coefficient
spot blotch
ST-373
statistical downscaling
Stoma
stomata
Stored product insects
Storm Water Management
stormwater
sulphur doses
Sunflower
supported liquid membrane
Surface Water
SWAT
synergies and tradeoff

T
Tarim River
temperature
temperature-vegetation-dryness-index
Tensiometer
thinning
Tibet Plateau
Tillage methods
tobacco

6551
6780
6848
6390
6727
6559
6346
6340

TOC removal
tolerance
toxicity
transferrin
Transposon
treatment
Turkey
Turkish Fir

U
Ultrasonic Sensor
unsteady flow

6373
6571

urban non-point pollution
urea fertilization

6470
6945

V
variance analysis and physical state
Vegetables
Viability

6632
6932
6835

virtual water content
visualization
Vurity

6701
6791
6835

wheat
white clover
wind power plants
Wound healing
WWTP modeling

6773
6945
6543
6390
6603

Yield response factor

6500

W
Waste treatment
wastewater
Water Quality
Water use efficiency
Wet weather

6680
6408, 6891
6413, 6687
6500
6603

Y
Yatagan Power Plant

6857

Z
ZnNb2O6 nanostructures

6739

6973

6945
6918
6479
6862
6791
6479
6532
6734
6616
6701
6579
6340
6835
6470
6470
6952
6780
6438
6932
6621
6551

6646
6780
6408
6898
6882
6643
6841, 6749, 6765
6579
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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!

6974

© by PSP

Volume 26 ± No. 11/2017,

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.

DOCTORALTHESIS:
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
FDVHV UHIHUHQFH 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.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Corresponding author: The name of the
corresponding author with complete postal address
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further discountof 20% (postage/ handling full).
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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.
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numerical order of appearance. Abbreviated titles of
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